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Suicidal ideation (SUI) can occur in the absence of concomitant psychiatric diagnoses, and even normal levels can be problematic among individuals experiencing excess stress or lack of social support. The objective of this study was to investigate the neuroanatomical basis of SUI in non-clinical human populations who are within the normal limits of SUI, after accounting for elevated stress and perceived lack of social support. Neuroanatomical data were collected from 55 healthy individuals (mean age 30.9 ± 8.1 years, 27 females) whose depression severity levels were below the Diagnostic and Statistical Manual of Mental Disorders criteria. Measures of SUI, aggression, stress, non-support, and treatment rejection were collected from the treatment-consideration scales (TCS) of the Personality Assessment Inventory (PAI). Correlations between standardized SUI scores and three brain morphometry measures, including vertex wise cortical thickness (CT), cortical surface area (CSA), and cortical volume (CV), were estimated for each participant, controlling for age, sex, intracranial volume, and the remaining TCS measures. We observed a significant negative association between scores on SUI and both CSA and CV (cluster-forming threshold of p < 0.005, clusterwise threshold of p < 0.05, FDR corrected for multiple comparisons) within the left rostral middle frontal gyrus. Our findings suggest that greater CSA and CV within the dorsolateral prefrontal cortex are associated with reduced SUI in a non-clinical population with mild levels of stress and perceived lack of social support. Because the dorsolateral prefrontal cortex has been broadly linked to cognitive reappraisal, self-critical thoughts, and emotional regulation, greater CSA and CV within these regions may lead to better mental health by protecting healthy individuals from engaging in SUI during periods of stress and perceived insufficient social support. As our data consisted of only healthy individuals with non-clinical levels of SUI, further investigation will be necessary to explore the neural basis of SUI in populations who may be at greater risk of future suicidal behavior.

Keywords: cortical structure, stress, social support, neuroanatomy, personality assessment

Introduction

Approximately 150,000 people in Europe die because of suicide every year (1), and the percentage of annual suicide attempts in the United States has reportedly increased significantly from 0.62% to 0.79% (from the sample recruited between 2004 and 2005 and between 2012 and 2013) among individuals aged 21 years and older (2), making suicide one of the primary causes of death (3). On the whole, approximately 45,000 Americans and 800,000 people worldwide commit suicide each year, the 10th and the 17th leading cause of death, respectively (https://afsp.org/about-suicide/suicide-statistics/, http://www.who.int/en/). Furthermore, 80% of individuals who commit suicide show no symptoms during their most recent contact with a healthcare professional (4). However, despite the high prevalence of risk factors for suicide (e.g., depressive disorders, bipolar disorders, anxiety disorders, personality disorders, and factors such as aggression, impulsivity, hopelessness, and heredity) within the general population, only a minority of individuals from the general population commit suicide. Because of the relatively small proportion of successful suicides in such population, it is exceptionally difficult to prospectively identify specific individuals who are likely to (successfully) attempt suicide (5).

There is increasing interest among clinical researchers to better understand the neuroanatomical factors associated with suicidal behavior (6, 7); however, due to the early state of knowledge in this area, and a variety of complicated interactions with other variables (e.g., psychiatric disorders, medical and family history, substance abuse, and social and emotional factors) (8), there is currently a lack of consensus within neuroimaging studies investigating the neuroanatomical basis of suicidal ideation (SUI) or completed suicide. In recent years, a number of cortical measures, such as cortical thickness (CT), cortical surface area (CSA), and cortical volume (CV) have been used to assess different facets of brain morphology, which are known to relate to specific brain function (9, 10). For instance, neuroanatomical differences, i.e., reduced volume within the frontal lobe (11, 12), have been associated with suicide or suicidal behavior, including suicide attempts. Frontal lobe lesions have also been linked to impulsive mood and poor decision-making (13, 14). The orbitofrontal cortex (OFC) and amygdala are key regions linked to emotion and impulse regulation, with work suggesting that structural abnormalities within these regions can potentially influence these functions and increase the risk for suicidal behavior (15). Thoughts of death are also associated with reduced CT in frontoparietal regions and insula, as well as widespread differences in white-matter fractional anisotropy and radial diffusivity (16). Moreover, prefrontal regions play an important role in cognitive reappraisal processes, which are important for regulating dysfunctional emotional states. Prior anatomical findings also suggest that there are direct connections between lateral portions of prefrontal cortex (lPFC) and the amygdala and that the lPFC contributes to the modulation of the amygdala during cognitive reappraisal (17). From a clinical point of view, Baeken and colleagues recently explored the SUI attenuation following 4 days of a high-frequency brain stimulation procedure, called accelerated intermittent theta burst stimulation (aiTBS) (18). In that study, high perfusion patterns within the default-mode network were associated with high baseline levels of SUI, and aiTBS treatment reduced perfusion within the bilateral frontopolar cortices and decreased SUI. Magnetic seizure therapy has also been shown to completely resolve SUI in 44% of individuals by inducing frontal cortex neuroplasticity (19).

Given the sobering statistics related to suicidal behavior and the current lack of identified external prodromal cues and lack of new methods for early detection of at-risk individuals, there is a critical need to better understand the neurobiological basis of cognitive patterns that might point toward worsening suicidal tendencies. One approach that has been neglected thus far is to identify brain behavior patterns that are protective against or point toward potential suicidal tendencies in otherwise healthy/non-clinical individuals. In particular, a better understanding of the neurobiological associations with pre-clinical/normal to minimal suicidal thoughts in the general healthy population may provide important insights into potential risk factors for early, pre-clinical, SUI, or future suicide attempts as well as any protective role that specific patterns of brain organization may confer during periods of perceived stress or lack of social support. This is because the majority of the prior research has focused on the individuals who have experienced actual suicidal intent or engaged in suicidal behavior, rather than focusing on the population experiencing suicidal thoughts without ever intending to carry out such an act (i.e., passive thoughts such as “I wish I would not wake up tomorrow”). Consequently, very little is known about the brain organization and structural morphometry associated with suicidal thinking among populations without overt psychopathology.

The primary focus of the present study was to use the cortical measures to extend previous work by studying non-clinical individuals from the general population (who nevertheless may be experiencing mild stress and insufficient social support) and correlate these measures with mild pre-clinical indicators of SUI. For that, we estimated whole brain vertex-wise CT, CSA, and CV in these individuals and explored their relationship with SUI on a standardized assessment measure. We hypothesized that after accounting for factors that are known to contribute to suicidal potential index (20) such as aggression, stress, and perceived lack of social support, greater CT, CSA, and/or CV for regions within the prefrontal cortex would be associated with better mental health, as evidenced by lower levels of SUI.

Materials and Methods

Participants

Neuroanatomical data were collected from 55 participants, who were between 18 and 45 years of age (mean age = 30.9 ± 8.1 years, 27 females; 28 males). All participants were recruited between 2010 and 2013 from the greater Boston region via posted flyers and Internet advertisements seeking healthy normal individuals to participate in a study of emotional intelligence and brain functioning. All interested volunteers were screened via a brief telephone interview that included questions about medical and general psychiatric history, substance use, and contraindications for magnetic resonance imaging. However, no specific clinical screening was conducted for SUI or attempts prior to entry. Participants were screened for any evidence of past or present psychotic, depressive, or medical disorders using a structured series of questions adapted from the Structured Clinical Interview for Diagnostic and Statistical Manual of Mental Disorders (DSM-IV), text revision (SCID-I) (21). Participants reporting evidence of a history of DSM-IV Axis I mental disorders (major depression, eating disorder, psychotic experiences, social anxiety, or obsessions/compulsions), excessive substance use, drug or alcohol treatment, or severe medical or neurological conditions, or having contraindications for scanning (e.g., metal in the body or pregnancy) were excluded from the study. A total of 173 participants completed initial phone screens, 70 were eligible and enrolled in the study, and 6 were withdrawn prior to completion for various reasons (e.g., deliberate falsification of identity, poor eyesight, or suspect motivation). Another 9 had incomplete personality assessment scores or neuroimaging data due to technical issues, leaving a total of 55 usable datasets. It should be noted that the primary goal of the funded grant which sponsored this study was to identify neuroimaging correlates of emotional intelligence in healthy individuals and to address the need to develop psychological resilience among Service members and their families to promote well-being and prevent behavioral health outcomes. Therefore, SUI data reported in the present study were collected from healthy individuals. Some behavioral data from this sample have been reported elsewhere (22–25), but the associations between SUI and brain morphometry are novel and have never been published. Any data not published within this article will be made available by reasonable request to the senior author (WDSK). All participants provided written informed consent prior to enrollment. The study protocol was approved by the Institutional Review Boards of McLean Hospital and Partners Healthcare (2009-P-002230), and the U.S. Army Human Research Protections Office (Log Number: A-15731).

Data Acquisition

Brain anatomical data. We recorded T1-weighted magnetic resonance imaging (MRI) data using a 3-Tesla Siemens TIM Trio whole-brain MR scanner located at the McLean Hospital Imaging Center. Before the scan, each participant was instructed to rest, relax, and try his/her best to minimize movement during the entire scan. Head movement was minimized with foam padding placed comfortably about the head. T1-weighted data for each participant were acquired using a 3D magnetization-prepared rapid acquisition gradient echo (MPRAGE) sequence, which consisted of 128 sagittal slices [slice thickness = 1.33 mm, voxel resolution = 1.33 × 1 × 1 mm, field of view (FOV) = 256 mm with repetition time/echo time/flip angle/inversion time of 2,100 ms/2.25 ms/12°/1,100 ms].

Personality assessment inventory (PAI). The PAI is a self-report scale used to detect and quantify adult psychopathology, including anxiety, depression and mania, interpersonal styles, and treatment-related issues, which are important in the diagnosis of various psychiatric disorders (26, 27). The PAI has been shown to have good validity and reliability with a high degree of internal consistency (median alpha and test–retest correlations exceed 0.80 for the 22 scales) (28). A trained research technician, supervised by a licensed neuropsychologist, administered the PAI to each individual. The PAI includes 22 non-overlapping scales, which are aggregated into four factors (validity, clinical, treatment consideration, and interpersonal scales) (29). Given the current study’s focus on suicidal behavior, we restricted our analyses to the SUI subscale of the treatment-consideration scale (TCS). Other sub-scales of the TCS such as aggression (AGG), stress (STR), and non-support (NON), which could be associated with suicide potential (30), were used as covariates.

Participants were asked to rate both the frequency and severity of potential indicators of SUI ranging from hopelessness to general and vague or concrete plans for a suicidal act. Raw data were converted to standardized T-scores with a mean of 50T and a standard deviation of 10T (26, 29). PAI scores greater than 50T indicate that the participant endorsed the relevant items to a greater extent than typical for their normative age group, with higher scores indicating greater deviation from normal (31). Scores below 60T are considered to be within normal limits for SUI, while scores between 60T and 70T are considered moderate SUI (32). Scores above 70T are interpreted as significant SUI and are rarely encountered in the general population. For the covariates, scores below 60T reflect reasonable control over aggression (AGG); stable, manageable stress levels (STR); and reasonable social support (NON). However, scores between 60T and 70T reflect individuals who may be impatient, irritable, and quick-tempered (AGG), experiencing a moderate degree of stress due to difficulties in some major life area (STR), or experiencing a moderate degree of perceived non-support from friends, loved ones, and society (NON). Scores above 70T are interpreted as consistent with significant aggression, stress, and perceived non-support from society.

Data Analysis

Preprocessing. Raw neuroanatomical data were visually inspected for each participant. We used the standard “recon-all” pipeline in FreeSurfer 6.0.0 (https://surfer.nmr.mgh.harvard.edu) to process the neuroanatomical data for all the participants. The basic preprocessing pipeline included intensity normalization, removal of non-brain tissue, automated transformation to the standard MNI co-ordinate system, volumetric segmentation into cortical and sub-cortical matter, and cortical segmentation of the cerebral cortex (33). In order to improve the signal-to-noise ratio (SNR) and detect larger effects, brain images were smoothed using 12 mm full-width at half maximum (FWHM) Gaussian kernel. FreeSurfer’s preprocessing accuracy was inspected using standard quality control steps, which involved a careful visual inspection of skull-stripped brain volumes, masks, and pial surfaces. None of the participants were excluded after performing the above mentioned standard quality control steps. The PAI-SUI data were also screened for outliers using SPSS 22 (https://www.ibm.com/analytics/us/en/technology/spss/). For this manuscript, the cutoff value chosen for PAI-SUI was 59T. Four participants who scored greater than 59T on the SUI-scale were also identified as outliers (i.e., with a value more than 1.5 inter-quartile range above the upper quartile) and were excluded from data analysis. None of the remaining 51 participants were identified as outliers on the AGG, STR, or NON scales.

Association between brain morphometry and SUI scores. Three structural measures (CT, CSA, and CV) were estimated separately for the left and the right hemispheres for each participant. CT and CSA were estimated using conventional methods (34, 35). However, the conventional method for estimating CV involves the multiplication of CSA by CT at each vertex (36), which may lead to either over- or under-estimation of the cortical measures of that specific tissue (37). Therefore, we estimated CV by defining an oblique truncated triangular pyramid using three vertices in the white surface and three matching vertices in the pial surface (37). Details about this recent methodology can be found in a recently published manuscript by Winkler et al. (37). Maps of CT, CSA, and CV of the brain of each participant were created using the FreeSurfer processing pipeline. We fit individual general linear models (GLMs) to the left and right hemispheres using FreeSurfer’s statistical engine (mri_glmfit) to estimate the relationships between SUI and raw CT, CSA, and CV. Each of the cortical measures [i.e., raw CT, CSA, and CV (dependent variables)] was regressed on SUI (independent variable), controlling for age, sex, AGG, STR, and NON. Intracranial volume (ICV) was used as an additional covariate for correcting CSA and CV. To determine robust effects in morphometric analyses, a minimum cluster-wise threshold (CWT) of p < 0.05 at cluster-forming threshold (CFT) of p < 0.005 with FWHM > 10 mm was recommended (38). Therefore, in the present study, we used a CWT of p < 0.05 and CFT of p < 0.005 at FWHM = 12 mm (FDR-corrected for multiple comparisons using Monte Carlo simulations and corrected for both hemispheres). In addition, we used an even more stringent CFT of p < 0.001 for reporting significant clusters that showed associations with SUI (two-tailed).

Results

Descriptive Statistics

After excluding four outliers, raw SUI scores ranged between 43T and 59T (mean = 46.04 ± 3.8) (Figure 1A). In other words, this was generally a non-clinical sample. On average, participant responses on the AGG scale (mean = 47.10 ± 9.2) ranged from minimal to significant evidence of aggression, with 11 participants (21%) scoring between 50T and 60T, and 6 participants (12%) scoring more than 59T (Figure 1B). On the STR scale, participant responses (mean = 53.41 ± 10.3) ranged from minimal to significant levels of stress, with 9 participants (18%) scoring between 50T and 59T, and 15 participants (29%) scoring more than 59T (Figure 1C). Lastly, participant perceptions of insufficient social support (mean = 52.53 ± 13.9) ranged from minimal to significant, with 8 participants (16%) scoring between 50T and 59T and 14 participants (27%) scoring more than 59T (Figure 1D). Although the mean T-score for AGG was within the normal limits, the mean T-scores for STR and NON were at the mild level (i.e., with T-scores above the mean compared to scores of individuals in the standardized sample); however, in total, 23 participants (45%) showed significant endorsement of items consistent with aggression, stress, or non-support. The subject-wise distribution of T-scores from all PAI-TCS is shown in Figure 1 (sorted from low to higher levels of SUI, followed by AGG, STR, and NON).
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Figure 1 | Subjectwise distribution of T-scores from the Personality Assessment Inventory–treatment-consideration scales (PAI-TCS). Here we show subjectwise distribution of T-scores for PAI-suicidal ideation (SUI) (A), PAI- aggression (AGG) (B), PAI- stress (STR) (C), and PAI-non-support (NON) (D). Scores are sorted from minimum to maximum for PAI-SUI and corresponding PAI-AGG, PAI-STR, and PAI-NON. Here, dotted lines represent the reference lines at T-scores of 40T, 50T, 60T, 70T, 80T, and 90T.



Association Between SUI and Cortical Structure

At a CWT of p < 0.05 and CFT of p < 0.005: We found a cluster with its peak in the left rostral middle frontal gyrus (L.RMFG), which is part of the dorsolateral prefrontal cortex, showing a significant negative association between SUI and CSA (Figure 2A), as well as between SUI and CV (Figure 2B). This cluster also spanned across some portions of the superior frontal gyrus. However, we did not find a significant association between SUI and CT.
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Figure 2 | Association between greater cortical surface area (CSA), cortical volume (CV), and SUI. We identified a region within the frontal lobe the left rostral middle frontal gyrus (L.RMFG), which showed a significant association of greater CSA (A) and greater CV (B) with lower SUI at cluster-forming threshold (CFT) < 0.005. We also found the same cluster showing significant association of greater CSA (C) with lower SUI at CFT < 0.001. Standard anatomical location of L.RMFG is shown in Desikan atlas (D). Colorbar represents the distribution of logarithm of p values.



At a CWT of p < 0.05 and CFT of p < 0.001: At the more stringent CFT, again we found a cluster with its peak in the L.RMFG showing a significant negative association between CSA and SUI (Figure 2C). However, we did not find a significant association between SUI and CT or CV.

The preceding findings are summarized in Table 1, and the location of L.RMFG in the Desikan atlas (33) is shown in Figure 2D.





	
Table 1 | Brain clusters showing a significant association between cortical surface area (CSA), cortical volume (CV), and suicidal ideation (SUI).





	
Clusters showing significant relationships between SUI, CSA, and CV





	
Cluster number


	
Maxima


	
Peak co-ordinates

(MNI: X, Y, Z)


	
CWP


	
Number of

vertices within

the cluster


	
Cluster size (mm2)


	
FreeSurfer label





	
At CWP < 0.05, CFT of p < 0.005 (FDR corrected for multiple comparisons using Monte Carlo simulation)





	
1


	
−3.65


	
−22.6, 49.5, 21.3


	
0.001


	
1544


	
1025.46


	
L. RMFG

(for SUI vs. CSA)





	
2


	
−3.42


	
−24.8, 49.1, 15.6


	
0.020


	
681


	
449.50


	
L. RMFG

(for SUI vs. CV)





	
At CWP < 0.05, CFT of < 0.001 (FDR corrected for multiple comparisons using Monte Carlo simulation)





	
1


	
−3.65


	
−22.6, 49.5, 21.3


	
0.007


	
567


	
408.16


	
L. RMFG

(for SUI vs. CSA)









Also, for visualization purposes, we extracted CSA and CV measures within the above reported clusters for each participant and plotted them against SUI. Data points with Cook’s distance of more than 3 times the mean were considered as outliers and were excluded from the scatter plots. The observed negative partial correlations [with age, sex, ICV, and TCS (i.e., AGG, STR, and NON) as covariates] between SUI and CSA at CFT of p < 0.005 (r = −0.53) (Figure 3A) and at CFT of p < 0.001 (r = −0.52) (Figure 3B), and between SUI and CV at CFT of p < 0.005 (r = −0.53) (Figure 3C) within the L.RMFG, are shown in Figure 3.
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Figure 3 | Correlation between SUI and estimated CSA and CV. After extracting subjectwise measures of SUI, CSA, and CV, here, we demonstrate significant negative correlations found between SUI and CSA at CFT of p < 0.005 (A) and CFT of p < 0.001 (B), and between SUI and CV measures at CFT of p < 0.005 (C) for L.RMFG.



Discussion

In this study, we explored the association between pre-clinical SUI and measures of cortical structure within a non-clinical sample of individuals who did not meet DSM-IV criteria for Major Depressive Disorder (MDD) but had mild-to-moderate symptoms of stress and perceived non-support. We identified a cluster with a peak in the left rostral middle frontal gyrus that indicated greater CSA and CV in those with lower SUI scores. This suggests that greater surface area and volume within this region of the dorsolateral prefrontal cortex may be associated with better mental health, as evidenced by reduced preoccupations or thoughts of death and suicide within a non-clinical sample. These findings show a potentially protective role of frontal brain areas against cognitions that are often associated with increased suicidal thinking. Since the frontal brain areas have been reported to be strongly associated with cognitive reappraisal, self-critical thoughts, and emotional regulation, we, therefore, suggest that similar or comparable areas may play a crucial role to predict severe levels of SUI in clinical populations. Our study is novel, as it focused on identifying an association between measures of cortical structure and suicidal thoughts among individuals without overt evidence of past or current psychopathology, a topic that has received little attention but that may have relevance for understanding the pre-clinical or prodromal stages of suicidal thinking. Identifying potential risk factors that may predispose an individual to progress toward more severe psychopathology in the future is necessary in order to develop effective preventative interventions that aim to reduce the symptom presentation and evolution. Moreover, these findings emphasize the important role of the dorsolateral prefrontal cortex in maintaining healthy cognitive and emotional perspectives and potentially regulating thought, affect, and behavior.

We showed that at stringent cluster-forming and cluster-wise thresholds, there was a significant negative association between L.RMFG morphometry and SUI scores. Previous whole-brain analyses have shown that, compared to healthy controls, young individuals (attempters and non-attempters) with current SUI, assessed with the Columbia-Suicide Severity, had significantly less CV within the L.RMFG (39), a region corresponding to that found here. Our findings extend this prior work by illustrating a similar relationship in a non-clinical group within the normal range of SUI, after accounting for perceived stress and lack of support. Here, greater volume and CSA of the L.RMFG was associated with fewer suicide-related thoughts. Our findings are also consistent with a number of functional activation studies of SUI and behavior. For instance, Thompson and colleagues showed an association between activation within left frontal regions and suicidal behavior and found that the individuals with a high risk of suicidal thoughts and actions had reduced brain activity in the left frontal regions during the emotional Stroop task (40). Gosnell and colleagues also suggested that reduced volume within the frontal lobe (and within the temporal lobe) may be an important risk factor for suicidal thoughts or behavior (12). It should be noted that it was CSA and CV, but not CT, which showed significant association with pre-clinical SUI within a non-clinical sample of individuals. Mathematically, CV is the product of CT and CSA; therefore, both of these measures, i.e., CT and CSA, contribute to the measures of CV (36, 37). In other words, the sensitivity of CV accounts for CT as well as the CSA. However, compared to CT, CSA contributes more to the measures of CV (41). Therefore, it was not surprising to find an association between minimal levels of SUI and both CSA and CV, but not between minimal levels of SUI and CT. Together, these findings suggest that the dorsolateral regions of the prefrontal cortex may play a critical role in regulating emotion and cognitions related to potentially self-destructive outcomes.

There are three potential interpretations of our findings that will require further exploration. First, our findings may indicate that larger surface area and CVs within the observed areas of the prefrontal cortex are protective against negative thoughts in healthy individuals. This interpretation would suggest that greater surface area and volume within this region may contribute to 1) a greater capacity to regulate the emotional responses that lead to SUI; 2) greater ability in re-appraising situations in a healthier manner, or 3) potentially in inhibiting thoughts about self-harm or inhibiting impulses to engage in such behaviors. Second, the present findings are based on self-report, so it is also possible that the observed levels of SUI considered typical in a non-clinical population, in the presence of elevated stress and non-support scores, may reflect a possible denial of existing suicidal proclivities. Regardless, greater CSA and CV appear to be associated with reduced SUI, even when accounting for levels of stress and perceived lack of social support. A third, but perhaps less tenable, interpretation is that the normal thoughts related to suicide (and promoting factors) could instead lead to reduced CSA and CV even at low levels in healthy individuals. Of course, it is also possible that the observed association between SUI and cortical structure is non-causal in either direction and reflects the influence of some third unknown factor. However, a causal link between middle frontal structure and SUI appears plausible in light of the well-established role of the middle lateral prefrontal regions in action planning, behavioral control, and cognitive reappraisal processes (42–44), and previous findings that reduced volume of this region has been associated with SUI in clinical samples (39).

In addition, because the rostral middle frontal cortex is known for its involvement in passive maintenance and uninstructed generation of negative emotions (45, 46), our findings could suggest a link between decreased area and volume in this region and a predisposition toward maladaptive emotion-driven behavior. Disrupted function within prefrontal networks could perhaps impair decision-making and play a role in modulating the cognitive processes associated with carrying out suicidal acts (47, 48). Clinically, such suicidal cognitions have been associated with hopelessness about the future, difficulty in controlling emotional responses, and a tendency to choose suicidal acts over other alternatives (47). Functional MRI studies have also shown the involvement of middle frontal brain regions during reappraisal and self-criticism (49). Given these considerations, greater area and volume in this region could perhaps be protective against mental health concerns that involve consideration of self-destruction as a solution to immediate pains or struggles. We believe that our findings may contribute to further understanding of potentially similar morphometric behavior associations in more clinically severe cases.

Strengths and Limitations

This study benefits from using a whole-brain surface-based morphometry approach to estimate vertex-wise cortical estimations. In particular, it should be noted that even a larger smoothing kernel size in surface-based analysis, unlike volume-based analysis, never extends into bone/air/white matter. In addition, whole-brain vertex-wise cortical estimations do not bias findings toward a specific set of brain areas, as compared to region- or specific hypothesis-based approaches (25, 50). Second, we used stringent cluster-forming thresholds of p < 0.005 and p < 0.001 to determine significant effects. Therefore, our analysis methods likely minimized the possibility of false-positive findings. Despite the aforementioned strengths, the findings of this study should be interpreted in light of several limitations. As our study involved neuroanatomical data of moderate resolution from a relatively small to moderate size sample and was focused on only three cortical measures, future studies would benefit from the use of high-resolution (<1 mm isotropic voxel size) structural imaging data from a larger sample size and should include other cortical measures (e.g., cortical folding) to further investigate the association between brain structure and SUI. Also, while many of the suicide items from the PAI were focused on the present occurrence of suicidal thoughts, some items can be interpreted in an open-ended way regarding the indexed time frame. It is therefore unclear to what degree our findings are influenced by the temporal recency of suicidal thoughts. Future research using more fine-grained measures of suicidal cognitions will be necessary to obtain a more detailed picture of the association between brain structure and SUI in non-clinical populations. Finally, the present study was only focused on non-clinical individuals with mild to moderate symptoms of stress and perceived non-support, and it is therefore not possible to generalize these findings to clinically significant cases of SUI. Consequently, future work would benefit from extending these methods to clinical samples in order to determine whether the observed trajectory continues at moderate to severe levels of SUI.

Conclusions

The present findings showed that greater CSA and CV within a specific brain region in the middle frontal cortex, which has previously been linked to cognitive reframing, reappraisal, and action planning, may play a role in protecting healthy individuals from SUI. Our findings suggest that estimations of morphometric measures may help to better understand the brain basis of suicidal thoughts and behaviors more generally, and that differences in cortical structure in this specific region could perhaps serve as a potential risk/protective factor related to potential suicidal cognitions (as well as a potential target for treatment and prevention). This region appears to play a critical role in some aspects of mental health, and larger volume of this region appears to be associated with a reduced tendency to focus on thoughts associated with self-harm. Future research would benefit from using longitudinal study designs to investigate whether cortical area or volume could aid in predicting the likelihood of future SUI or suicide attempts, or whether recurrent SUI instead brings about alterations in cortical structure.
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Background: Suicide is the second leading cause of death in young people worldwide. Self-harm is the strongest predictor of death by suicide. There is increasing evidence that psychological therapies are efficacious in treating self-harm in adolescents. However, studies so far have predominantly focused on highly selective groups of adolescents and have investigated interventions that require intensive training and considerable expense.

Methods: We conducted a pilot study of a novel psychological therapy package, Specialized Therapeutic Assessment-Based Recovery-Focused Treatment (START) that consists of Therapeutic Assessment followed by treatment in one of three modules, depending on adolescents’ needs and preferences: Solution Focused Brief Therapy, Cognitive Behavior Therapy (CBT), or Mentalization Based Treatment. Adolescents (12–17) with at least one self-harm episode in the previous 6 months referred for community treatment, who had no intellectual disability, psychosis or autism were eligible for START. The primary outcome measure was the number of self-harm (regardless of suicidal intent) episodes 6 months before and 6 months after commencing START. Secondary outcomes included measures of psychopathology, functional impairment and family satisfaction.

Results: Twenty-one consecutively referred adolescents were recruited and 15 received a therapeutic module of START: three received Solution Focused Brief Therapy, nine CBT, and three Mentalization Based Treatment. There was a statistically significant reduction in the number of self-harm episodes from a mean of 7.93 (SD = 12.26) to 1.00 (SD = 1.47), p < 0.02 following START. There was also a significant reduction in self-harm episodes, Revised Children’s Anxiety and Depression Scale scores and a statistically significant improvement in Children Global Assessment Scale scores for the CBT group alone. There were no significant differences in any other outcomes. Most families were somewhat or very much satisfied with the intervention.

Conclusion: The results show that START was associated with a reduction in self-harm and depression and anxiety symptoms, which could indicate that START should be rigorously studied in a randomized control trial (RCT). However, the model had difficulties in its implementation, with CBT being only module that was offered to enough young people to allow before and after analysis. CBT appears to be the most promising module in treating adolescents with self-harm referred to community mental health services.
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Introduction

Self-harm is a significant concern for young people, their carers, and the clinical staff in both physical and mental healthcare services. Studies indicate a prevalence rate of 13.2% for self-harm in 12–18-year olds, and suicide attempt prevalence of 9.7% (1). Self-harm is the strongest predictor of suicide in adolescents (2), and is more prevalent amongst female adolescents than males (3). There have been a substantial debate on how to define self-harm, with US based clinicians and researchers tending to research attempted suicide and non-suicidal self-injury separately (4). However, European based clinicians and researchers often define self-harm as both self-injury and self-poisoning irrespective of suicidal intent (2). UK health services follow the guidelines set out by the National Institute for Health and Care Excellence, who define self-harm in young people over the age of 8 as acts of self-injury or self-poisoning, regardless of their motivations (5).

Despite this substantial concern, research into adolescent treatment is under-investigated, especially following an acute presentation. Over many years, research has suggested that adolescents who engaged in self-harm were less likely to attend further follow-up sessions (6, 7), which has shown to lead to poorer outcomes (8). Adapted from the Cognitive Analytic Therapy model (9), Therapeutic Assessment (TA) is a brief intervention designed to increase treatment engagement of adolescents with self-harm (10). This 30-min intervention after presenting with self-harm led to a significantly improved rate of engagement when compared to assessment as usual, at the 3 month and 2-year follow-up periods (11). However, the inclusion of TA did not lead to a significant difference in psychopathology and functioning scores at 3 months, nor was there a difference in the frequency of accident and emergency department (A&E) self-harm presentations at 2 years (11, 12). Linking TA with interventions likely to reduce self-harm is therefore required.

Recent systematic reviews have highlighted the lack of replicated randomized control trials (RCTs) researching treatment interventions for adolescent self-harm (13–15). These reviews did highlight three interventions in Mentalization-Based Treatment for Adolescents (MBT-A), Cognitive Behavior Therapy (CBT), and Dialectical Behavior Therapy for Adolescents (DBT-A), that significantly reduced the number of self-harm episodes in comparison to the control treatment groups (16–18). More recently, two further RCTs replicated the efficacy CBT/DBT-based family intervention (19) and DBT (20). Additionally, these interventions tended to be delivered in acute services, working with children who have more complex mental disorders than the general population who self-harm (19).

Despite recent improvements in our understanding of the optimal treatment settings (21, 22), supervision (23, 24), and detection (11), there is no evidence that any given intervention is likely to benefit all young people with self-harm. Moreover, young people with self-harm and borderline personality disorder may be more likely to respond to more intensive interventions, such as DBT and MBT (16, 17, whereas young people with substance misuse, anxiety and depression may be more likely to respond to CBT (18). Finally, some young people with self-harm do not meet the diagnostic criteria for any psychiatric disorder and may not require psychological therapies developed to treat psychiatric disorders.

The Treatment of Adolescent Suicide Attempters study (25) focused on predictors of suicidal events during an open treatment trial, having three potential arms of treatment (specialized psychotherapy, medication, or a combination of the two). Although predictors were found and randomization was initially proposed, the open choice format caused the treatment arms to become uneven, with 75% of young people ending up in the combination treatment arm. Treatment choice guided by the young people and their families on one hand and the assessment of the clinical team on the other seems to be an important element in any pragmatic study.

Child and Adolescent Mental Health Services (CAMHS) in the United Kingdom are split into a four-tiered system. Tier 1 include non-mental health specialists, such as general practitioners, teachers, and social. Tier 2 services have mental health professionals within a uni-disciplinary primary care or community services that can treat some mental health disorders and identify more complex mental health needs. Tier 3 services are community multi-disciplinary teams that can treat most complex disorders. Tier 3 services normally capture the widest range of self-harm, from one or two episodes to daily episodes of self-harm. Finally, Tier 4 services are specialist teams, both inpatient and outpatient working with children and young people with the most serious and complex mental health needs.

This article reports the findings for the pilot phase of the Specialized Therapeutic Assessment-Based Recovery-Focused Treatment (START) study, introducing a novel three modular intervention model, aimed to reduce the prevalence of self-harm episodes for adolescents referred to a Tier 3 (standard community multi-disciplinary team) CAMHS in an ethnically diverse inner-city borough of Southwark in London.



Materials and Methods


Participants

Participants were all adolescents (12–18 years old) referred to Southwark CAMHS and South London and Maudsley’s (SLaM) Supported Discharge Service with at least one episode of self-harm in the past 6 months between December 2016 and July 2017). The exclusion criteria were: a known intellectual disability (IQ less than 70); immediate need for an inpatient psychiatric admission; a known diagnosis of autism spectrum disorder or psychosis.



Treatment Interventions and Model

The START model has been developed in response to the increasing rates of self-harm amongst the adolescent population (26), but also the varying levels of self-harm amongst adolescents and the understanding that someone who has self-harmed once or twice needs a different level of care to someone who is self-harming on a regular basis and alongside other risk taking behaviors. We therefore split the START model into four distinctive interventions (Figure 1):



	TA—Once a potentially suitable individual has been identified), the young person completed a full CAMHS assessment followed by the 30-min TA. TA is a collaboratively designed diagram, showing the links between the young person’s reciprocal roles, thought process and “core pain,” their self-harm, and following consequences, feeding cyclically into the young person’s core pain. (10). Through this process the young person discussed their motivation to change, and then looked for and discussed their most favoured way of breaking the created self-harm cycle. After a summation, a therapeutic letter was written based on what was discussed, with the intention to motivate the young person continue to engage with therapy.


	Solution Focused Brief Therapy (SFBT)—For the young person who had no axis I diagnosis or presented as low risk, SFBT was typically chosen. Usually delivered over the course of 4-6 sessions, SFBT focused on the resources the young person already had to help themselves, exploring how they would like their life to be, and what they are doing or can do to work towards this “preferred future” (27).


	Cognitive Behavior Therapy (CBT)—For the young people who self-harm with medium severity, regularity and had a least one axis I diagnosis (anxiety, depression or substance misuse), CBT was offered. The study used the self-harm specific CBT workbook “Cutting Down: A CBT workbook for treating young people who self-harm” (28), the young person was given skills to reduce and eventually stop self-harm over the course of 8-16 sessions.


	MBT-A—For the young person who met or a was close to the diagnostic criteria for emotionally unstable personality disorder (EUPD) diagnosis and/or self-harm with high lethality and frequency (normally daily-weekly self-harm). MBT-A uses the same techniques used in the successful RCT (16), in a treatment ranging from 16 to 24 sessions. For the EUPD population, we chose MBT over DBT (CBT based treatment for EUPD), because DBT requires additional weekly group sessions and phone support that we could not provide in a Tier 3 service. However, many principles and skills in DBT are included in the CBT workbook that was used.







Figure 1 | Flowchart of the intervention period.



The START model was implemented within a Tier 3 CAMHS community team, as these services receive referrals for all young people with self-harm that cannot be managed by primary care. It would also give a chance to see if the model could be used practically in a real-life setting.

Based on the initial presentation, TA formulation, diagnostic assessment, and their clinical judgement on level of risk, the clinical team at CAMHS and researcher team came together to decide which of the three modules of treatment, if any, was suitable for the young person to move forward with. The young person and their families’ preferences and therapeutic history were considered. During therapy, if the decided module of therapy was proving unsuccessful, a module based on a different therapeutic approach was instead chosen. Initial 2-day training was given by experts in TA and each of the three therapeutic modules (half a day per topic), followed by monthly supervisions for TA and each of the three modules of therapy. All therapeutic models of assessment and therapy were manualized.



Treatment Objectives

The pilot study is required in order to fully develop the model into a working therapeutic protocol, with the idea that this will form a foundation with which to further investigate the START model into an RCT, providing data for an effect size estimate. Ultimately, the overall objective is to develop START into an evidence-based strategy, and to reduce the prevalence of self-harm within the adolescent population in a Tier 3 community CAMHS setting.

The primary objective is:

	To investigate if the number and severity of self-harm episodes will reduce in the last month of the young person’s time in the Tier 3 community CAMHS.




The secondary objectives are:

	To investigate if the number and duration of inpatient stay will reduce in the 6 months post initial presentation.


	To investigate if overall functioning and psychopathology of the participants will improve following therapeutic intervention.


	To investigate patient and carer satisfaction post therapeutic intervention.






Therapists

All therapists (N = 14) involved in the study were volunteers who already worked in the multidisciplinary CAMHS team. The experience and background of the therapists varied, with backgrounds in psychiatry, psychology, mental health nursing, and social work. Once recruitment had begun, therapists received monthly supervision sessions in TA and the therapeutic model they were delivering. Some therapists had to attend multiple supervisions if they were administering more than one intervention. Supervisions were 90 min long and were delivered by people qualified to deliver supervisions in their respective models.



Ethics Approval and Consent to Participate

The study was approved by SLaM clinical audit and service evaluation committee. Consent was given by all adolescents 16 years or over, with consent given along with the adolescent’s assent by the adolescent’s carer.



Data Collection

Initial assessments were done using the Kiddie Schedule for Schizophrenia and Affective Disorders (KSADS) Present and Lifetime Versions; if a KSADS-Present and Lifetime Versions was unattainable, clinical diagnoses were found using the services electronic medical records system (Electronic Patient Journey System) at SLaM.

Primary outcome measure was the total number of self-harm episodes in the 6-months before and 6 months after the commencement of START. Self-Harm Questionnaire (11) was used to gather information about self-harm episodes pre and post treatment. Any other reported or recorded episodes of self-harm for both the 6 months prior to treatment and 6 months post the beginning of the START package were systematically gathered from the young people, their families the CAMHS electronic medical records system.

Additional outcome measures included the Clinical Global Assessment Scale (CGAS); a clinician rated scale of the young person’s overall functioning, Clinical Global Impressions; a clinician rated scale of the severity of illness that the young person is exhibiting, Strength and Difficulties Questionnaire (SDQ) for both adolescent and carer; a self-report questionnaire assessing strengths and a range of common psychiatric symptoms of the young person and asking if things had improved over the course of treatment, Maclean Screening tool for adolescent and carer; a 10 question screening for EUPD, the Columbia Impairment Scale for adolescent and carer; a self-report questionnaire assessing if the young person has problems at home, school, or socially, Revised Children’s Anxiety and Depression Scale (RCADS) for both adolescent and carer; a 47 question self-report assessment of the young person’s symptoms of anxiety and depression, Child and Adolescent Substance Use Scale; a survey of young people’s and their family’s use of health services over the previous 6 months, and the Health Today segment of the EuroQol-Five Dimensions—Three Levels; a rating from 1 to 100 on the young people’s current health state. These outcome measures were given pre and post intervention, with the addition of the Child and Adolescent Service Experience (ChASE) at follow-up; a questionnaire given at the end of therapy to be completed alone and given back to the research team. All young people and carers were told beforehand that these questionnaires were anonymous and would not be shared with their clinicians. Appointments were logged also using the medical record system, and weekly self-harm rates were also logged by therapists there.



Intention-To-Treat Analysis

All 21 participants were analysed on the primary and secondary outcomes when possible. Eleven were followed up in person on average 22.1 weeks after their initial assessment, but some form of follow up measure was collected for 20 of the 21 participants. All assessments were done by a researcher who was not blind to the treatment allocations or to the hypotheses of the study.



Statistical Analysis

To test the distribution of the data, the Shapiro–Wilk test was used. For the normally distributed data, differences between baseline and follow-up measures were analysed using paired sample t-tests. However, if the distribution was nonparametric, paired Wilcoxon signed-rank test was used. Significance was set at p < .05, and all analyses were carried out on SPSS 23.0 (IBM Corporation 2014; Armonk, NY, USA). Individual treatment arms were analysed in the same way where possible.




Results


Group Characteristics

Twenty-one young people with self-harm were referred to the service during the pilot period. The demographic characteristics of the 21 young people included in this study are described in Table 1, along with the clinical variables. All young people assessed had at least one axis 1 diagnosis. Three young people were on regular psychotropic medication at baseline, with all three on an anti-depressant. At baseline, 11 of the young people had a history of at least one A&E presentation at a hospital in the 6 months prior to coming to the service, 4 had been admitted onto an inpatient unit, and five had been to at least one outpatient CAMHS appointment.


Table 1 | Patient characteristics (N = 21).




Table 2 | Summary of baseline measures.





Service Use

As shown in Figure 2, 15 young people started one of the three treatment arms, the majority were offered CBT. However, every adolescent had some form of intervention, with eight young people going through the intervention in its entirety. Three young people completed the TA before dropping out, with two declining further therapy afterwards and one self-harming severely immediately before the following session; with the latter the team decided to refer them to the Tier 4 DBT service. Two young people completed just the diagnostic KSADS and one adolescent attended both a TA and KSADS appointment, but from the diagnoses given using the KSADS the adolescent team decided that all three would be better treated away from the model (one was referred to an obsessive compulsive disorder clinic, one was treated for attention-deficit/hyperactivity disorder which appeared to have been a clinical priority, and another was referred to an eating disorder service). Finally, four young people went straight into treatment, two adolescents went from the TA directly to treatment, and one young person missed the TA but did attend the KSADS appointment and had treatment. Baseline measures for the young people entering the service can be seen in Table 2.




Figure 2 | Progression of clients through the intervention.



Table 3 shows the mean and range of attendance rates between the three treatment modules. SFBT and CBT groups average attendance rate was within the expected treatment range, with MBT seeing fewer sessions than expected. SFBT had the highest rate of not attending amongst the groups, despite young people expecting to only attend 1–4 sessions.


Table 3 | Summary of session attendance.



Where three of the young people were on anti-depressant medication when they entered into the study, at follow up a new young person was now on an anti-depressant, along with two of the original young people; the other adolescent moved from an anti-depressant to an anti-psychotic. We received follow-up data for 14 of the 16 adolescents we initially received baseline data on. Inpatient admissions reduced from four at the 6 months prior to baseline assessment to two in the 6-month following the commencement of treatment, with one young person having an admission pre and during intervention. Finally, A&E 6-monthly presentations to a hospital reduced from 11 young people to four, with all four young people having had an A&E presentation at baseline as well. Additionally, three of the clients with an A&E presentation were for self-harm or suicidality, with the fourth for alcohol poisoning.



Clinical Outcomes

Table 4 summarizes the group measures at the end of the modular intervention period (16.3 weeks on average). Table 5 shows the changes in score from baseline till the end of intervention, with the last month score (primary outcome), and the adolescent RCADS showing significance changes in scores (P < .05). We did not have enough data for looking at the effectiveness of SFBT or MBT alone, but Table 6 shows the changes in score from baseline till the end of the intervention period for the young people given CBT. Here, monthly self-harm average was shown to have a significant change in scores, with significant changes in scores (P < .05) also seen again with the adolescent RCADS and with the therapist rated CGAS.


Table 4 | Clinical Measures at the end of intervention.




Table 5 | Paired means and significance of outcomes.



Fifteen participants gave a Clinical Global Impressions score at the beginning of treatment, with majority of therapists giving a score of either moderately or markedly ill (13 of 15). At follow up, almost all therapists registered some form of improvement in their young people (12 of 13).


Table 6 | Paired means and significance of outcomes for Cognitive Behavior Therapy alone.





Patient and Carer Satisfaction

At the end of the intervention period, patient satisfaction was rated using two questions in the follow up version of the SDQ, and the ChASE. In the SDQ, most carers (9 of 12) and adolescents (8 of 12) who gave feedback responded that they or their child were a bit or much better post intervention, with no one stating that they had become worse. All carers and adolescents felt that the service had been helpful in other ways.

11 adolescents completed the ChASE questionnaire at the end of intervention, and most of the adolescents (8 of 11) found that the appointments helped them get on with their life most or all of the time. Additionally, all of the adolescents who responded felt that they could trust their therapists (eight felt that this was all of the time), felt that their therapist really understood them (six said all of the time), and felt that their therapist was kind and caring (10 said all of the time).




Discussion

The pilot study’s primary objective was to see whether this treatment model could successfully reduce the number and severity of self-harm in adolescents presenting to a Tier 3 CAMHS team. For the total project, it was found that the monthly self-harm average reduced significantly following intervention. There was also a statistically significant reduction in the monthly self-harm average post intervention for CBT module alone. Regarding the severity, 68.8% of the young people recorded had been to the A&E of a hospital in the 6 months prior to treatment, all of which were for self-injury or self-poisoning. Post intervention this reduced to 28.6%, 21.4% for the young people attending for self-injury and self-poisoning incidences. This is line with the findings by 29.

Our secondary objectives were to investigate inpatient admissions, and overall functioning, psychopathology and patient satisfaction. The number of inpatient admissions for this pilot study was small, partly from the small sample size and response rates, but we did see inpatient admissions reduce from 25% of recorded young people, to 14.3%.

The total score for RCADS showed that the total anxiety and depression score significantly reduced post intervention for both the combined interventions and CBT module alone condition. The reduction of this score is even more significant when considering that 17 of the 21 participants were given either an anxiety or depression related diagnosis. Another measure with significant pre-post change was CGAS for the CBT module alone condition. All other measures showed no statistically significant pre-post differences. Adolescents consistently scored themselves as more impaired than their carers scored them, with the adolescents also seeing a greater change in the scores at the end of the intervention period. This was also seen in Ougrin etal. (11) in a similar population.

Finally, the study found that patient and carer satisfaction was overall positive, with most adolescents and their carers feeling that the intervention was somewhat or very much helpful.

Several limitations apply to this study. Small sample size, high dropout rate and treatment allocation led by clinical team are key. The therapists, the young people, their family members and the researcher were not blind to the hypothesis of this study or the treatment module allocations. This could be a challenge when moving into an RCT phase of research, as the allocation of young people to a specific module, SFBT, CBT, or MBT required input from the clinical team. Standardising module allocation might address this problem.

We did not anticipate that only three young people would be allocated to the MBT and SFBT arms of the study. For MBT, this may be partly explained by the availability of a Tier 4 DBT service within the trust that meant that most young people who could have been allocated to MBT were referred to DBT directly. An RCT being implemented at multiple sites across the country, most of which have no DBT service might address this limitation. For SFBT, again with an area that doesn’t have the resources of South London and Maudsley NHS trust, more young people could have been referred to a Tier 3, community and multidisciplinary service). The sample size was also smaller than anticipated, however, the study was pragmatic and undertaken in a real-life community setting, which with typically high level of drop outs or onward referrals to more specialist services.

The study was not a RCT and we cannot exclude the passage of time as a factor in the reduction of self-harm pre-and post-intervention (30). The decision to allocate the young person to one of the three treatment modules was not fully standardized and the multidisciplinary team had the final decision-making power on which module to offer to the individual young person, considering the wishes of the family and the results of the TA. As highlighted in Brent and colleagues (25), taking the wishes of the young person and family can skew the amount of young people allocated to each treatment arm. Whereas this introduces a potential bias, this procedure closely follows real-life treatment allocations in standard community services. A problem with implementing this model in a real-life community service setting is that there may be an unpredictable changes such as staff turnover, and during the recruitment phase there was an unusually high rate of turnover. This certainly slowed recruitment during this period, as new therapists had to be identified and trained. For a future RCT a plan would need to be in place in order to train new staff quickly. However, with all the treatment modules being manualized and having monthly supervisions, new therapists could be trained quickly.

Although TA is an integral part of the START model, this was not individually assessed in the pilot. For a future RCT, TA needs to be evaluated for potential effects on engagement and other outcomes seen in previous studies (11).

For future research, we have several options available for potential RCTs or further pilot studies. As well as completing the START model in full, the judgement of the clinical team favoured the CBT intervention. However, we don’t know if MBT or SFBT would have worked just as well for that group, as we were not making inter-group comparisons. Another option is that START could be adapted into a step-based model, which could be implemented in several ways. One option was that everyone receives TA, followed by SFBT, and it is felt by the clinical team and young person that they required more therapy, they would move onto CBT, and then MBT, if even more/another approach was required. Yet another option is TA, followed by SFBT, followed by MBT or CBT if more therapy is required. This was proposed because SFBT has a significantly shorter treatment length and was anecdotally popular with the clinicians, especially for young people with less complex presenting problems. Any step-based pathway should be revisited in another pilot/feasibility study.



Conclusion

The results of this pilot study show that START could be successfully implemented in an inner-city ethnically diverse community mental health service and associated with a reduction in self-harm in young people. This model requires thorough investigation in RCTs, following which this approach may become a feasible tool for other multidisciplinary community services in the UK and elsewhere. CBT appeared to be a promising modality in this setting, however, other modalities need to be further investigated in the settings with poorer access to specialist teams and with teams looking after young people with less severe presentations.
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Background: Non-suicidal self-injury (NSSI) is a growing public health concern that commonly begins in adolescence, and can persist into young adulthood. A promising approach for advancing our understanding of NSSI in youth is to examine white matter microstructure using diffusion magnetic resonance imaging (dMRI).


Method: The present study examined whole-brain group differences in structural connectivity (as measured by generalized fractional anisotropy [GFA]) between 28 female adolescents and young adults ages 13–21 years with NSSI and 22 age-matched healthy controls (HC). We also explored the association between clinical characteristics including NSSI severity and duration, impulsivity, emotion regulation and personality traits within the NSSI group and GFA of the uncinate fasciculus and cingulum.


Results: Compared to the HC group, participants with NSSI had lower GFA in several white matter tracts, including the uncinate fasciculus, cingulum, bilateral superior and inferior longitudinal fasciculi, anterior thalamic radiation, callosal body, and corticospinal tract. When controlling for depressive symptoms, the NSSI group showed an association between NSSI duration (time since initiating NSSI behavior) and lower GFA in the left cingulum. Higher levels of attentional impulsivity were related to lower GFA in the left uncinate fasciculus within the NSSI group.


Conclusion: We found evidence suggesting widespread white matter microstructure deficits in adolescents and young adults with NSSI versus HC. We also report inverse associations between white matter integrity and clinical characteristics (duration of NSSI and attentional impulsivity). These white matter microstructural deficits may represent a possible neurobiologically-based vulnerability to developing maladaptive coping mechanisms, such as NSSI. Additionally, results suggest that this white matter disorganization may either worsen with prolonged engagement in NSSI or predict persistent NSSI; thereby highlighting the importance of early intervention targeting this behavior.
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Introduction


Non-suicidal self-injury (NSSI), or the purposeful act of harming oneself without suicidal intent, commonly begins in adolescence and is associated with negative outcomes such as persistent psychopathology and suicide (1–3). Research examining the neurobiological correlates of NSSI is necessary to guide the development of biologically-informed interventions. Given that it is a particularly sensitive developmental period of significant neurobiological changes and the onset of NSSI, research may benefit from focusing on adolescence in particular (4–6).


The efficient transmission of neural signals depends in part on the organization and integrity of white matter fiber bundles and the structural characteristics of the myelin sheath that surrounds the body of an axon. These characteristics help to facilitate and constrain neuronal communication, thereby enhancing efficiency of neural functioning (7). Diffusion MRI (dMRI) is a brain imaging method that measures the diffusion of water molecules within the white matter of the brain. The dMRI metric of fractional anisotropy (FA) has traditionally been used used to estimate white matter organization. FA produces a value between zero and one, in which zero reflects complete isotropy (diffusion is not at all restricted or is restricted equally in all directions) and one reflects anisotropy (diffusion is confined to a particular direction). The assumption is that FA values reflect characteristics of white matter microstructure, such as myelination and directionality or coherence of white matter fiber bundles [see (8) for review]. In this case, higher FA values are typically interpreted as reflecting more optimal organization and integrity of white matter.


One challenge in dMRI research has been that when an MRI voxel captures multiple crossing fibers, the FA measurement will be artifactually low (9). To address this issue, a recent advance in dMRI research has been to use High Angular Resolution Diffusion Imaging (HARDI) acquisition, which allows for analysis strategies that may resolve multiple fiber directions in a voxel (10, 11). This can be accomplished by using spherical harmonization to calculate the Orientation Distribution Function (ODF), which is then used to estimate Generalized Fractional Anisotropy [GFA; (12)]. Similar to FA, higher GFA values indicate greater directionality of diffusion. GFA improves on the standard tensor model by being less susceptible to the effects of crossing or “kissing” white matter fibers (13, 14).


Only one study to date has used dMRI to examine white matter in patients with a history of self-injury (15). This study found that women with borderline personality disorder (BPD) and a history of self-injury had lower FA within the inferior frontal lobe compared to controls (15). However, study limitations included a small sample size (n = 9 BPD and 7 healthy controls), lack of clarity on whether the self-injury was suicidal or non-suicidal, use of FA as opposed to GFA, and lack of a dimensional approach to gain a deeper understanding of this biological finding.


Using advanced dMRI (HARDI) methods, this study examined GFA in adolescents and young adults with NSSI versus healthy controls. We hypothesized that the NSSI group would show lower GFA than controls. More specifically, given the association between difficulties in self-regulation and NSSI [see (16, 17) for review], we anticipated that this would include lower GFA within white matter tracts from neural circuits that are known to be involved in self-regulation, such as the uncinate fasciculus and cingulum (18, 19). Further, within the NSSI group, we examined clinical correlates of GFA within the uncinate fasciculus and cingulum. We predicted that lower GFA would be associated with greater NSSI severity and with greater difficulties in self-regulation.




Method



Participants


Data were used from a recently completed study at the University of Minnesota (Cullen: 1R21MH094558), which was approved by the University of Minnesota Institutional Review Board. Female healthy controls (HC) and participants with NSSI aged 13–21 years were recruited using primarily community postings, clinic referrals, and online advertisements around the Minneapolis/Saint Paul area. While the larger study was open to both males and females, only females were included for the present analyses as only one male participated. Inclusion criteria for the NSSI group included engaging in NSSI at least 4 times, with at least 1 episode occurring in the past month. Exclusion criteria for both groups was a history of bipolar, pervasive developmental or psychotic disorders, current pregnancy or breastfeeding, unstable medical illnesses, active suicidal intent, presence of MRI-incompatible features, a positive urine drug screen, and intelligence quotient (IQ) of less than 80 as measured by the Wechsler Abbreviated Scale of Intelligence [WASI; (20)]. Additional exclusion criteria for HC included any history of self-injurious behavior (suicidal or non-suicidal) and any current or past DSM-IV psychiatric diagnoses. Interested participants contacted the research team via email or phone, which was followed by a phone screen to assess for basic inclusion and exclusion criteria.


Participants who appeared eligible via the phone screen were invited to participate in the initial screening visit. Participants with NSSI were offered three different options for study participation: (1) MRI study only; (2) treatment study only; or (3) both MRI and treatment study (MRI conducted both pre- and post-treatment). The treatment offered was an open label pilot study for the dietary supplement N-acetylcysteine. Further description of this trial and its clinical results have been previously published (21). Participants in the HC group were only offered the option to participate in the MRI study. The present study includes data from participants who elected to complete the MRI-only study or the MRI and treatment study (using only the pre-treatment MRI data). Other neuroimaging data from this study (resting-state and task functional connectivity and psychophysiological interactions) have been published previously (22, 23). Once participants selected their desired study option, informed consent and assent (where applicable) were obtained.




Measures



Clinical Assessment


Following informed consent and assent (as appropriate), all participants completed comprehensive diagnostic assessments, which were conducted by trained clinicians or graduate students or trainees under the supervision of a licensed psychologist or psychiatrist. Interviews were conducted separately with adolescents and parents, and included Kiddie Schedule for Affective Disorders and Schizophrenia-Present and Lifetime Version [K-SADS-PL; (24)] for participants under 18 years old and the Structured Clinical Interview for DSM-IV Axis I Disorders [SCID; (25, 26)] for participants 18 years old or older. For those under 18 years old, diagnoses were established via consensus between the adolescent and parent/guardian interviewers. Participants also completed the Beck Depression Inventory-II [BDI-II; (27)], which was used to control for depressive symptoms for within-NSSI group analyses.



Non-Suicidal Self-Injury


We assessed for NSSI using the self-report Inventory of Statements About Self-Injury [ISAS; (28)] and the clinician-administered Deliberate Self-Harm Inventory [DSHI; (29)]. These two measures were used to provide a consensus on frequency and type of self-injury as well as duration of NSSI for each participant in the NSSI group. Average weekly cutting episodes were calculated by taking the consensus of lifetime cutting episodes from the ISAS and DSHI and dividing them by the estimated number of weeks the participant engaged in NSSI. We focused on cutting episodes for these analyses because cutting was the primary method of NSSI among all the NSSI participants. We used winsorization to reassign outliers on this variable to three standard deviations above the mean. Duration of NSSI was calculated by subtracting the age participants reported first engaging in NSSI from their current age.




Self-Regulation Measures


Measures of self-regulation included the Difficulties in Emotion Regulation Scale [DERS; (30)] and the Barratt Impulsiveness Scale [BIS; (31)]. The DERS includes six subscales in addition to a total score: Awareness, Clarity, Goals, Impulse, Nonacceptance, and Strategies. The factor structure of the DERS was initially found among adults (30) and has been replicated among adolescents (32). The DERS has internal consistency that ranges from acceptable to high across factors in both adolescents (average α = .81) and adults (average α = .85). The BIS includes three subscales in addition to a total score: Attentional, Motor, and Non-planning. The BIS total score has been found to have high internal consistency, with α ranging from.79 in substance-abuse patients and.83 in general psychiatric patients (31). Total score and subscales from both the DERS and the BIS were used for analyses. In addition, we examined participants’ t-scores on the Self-Harm subscale within the Borderline clinical scale (BOR-S) from the Personality Assessment Inventory (PAI) or Personality Assessment Inventory-Adolescent (PAI-A) for those under 18 (33, 34). The BOR-S scale is a measure of self-destructive and impulsive behavior in general and includes questions regarding behaviors at high-risk for negative consequences. While the PAI and PAI-A differ in length (PAI has 344 items and PAI-A has 242 items), the conversion of raw scores to t-scores allows for the two measures to be comparable. Both measures have shown high test-retest reliability with correlations of.80 or higher for all subscales of the PAI and an average correlation of.78 for the PAI-A. Additionally, both measures have demonstrated high internal consistency for the scales, with a median α of.88 and average α of.80 for the PAI and PAI-A respectively (33, 34).





Neuroimaging Acquisition


Following the first visit (consent and diagnostic/clinical assessment), participants completed an MRI scan at the Center for Magnetic Resonance Research at the University of Minnesota using a Siemens 3T TIM Trio scanner and a 32-channel receive-only head coil. A pair of diffusion scans were acquired with identical parameters except with opposite phase encode directions (right to left and left to right) to estimate and correct for distortions. These scans were acquired using a multi-band EPI sequence with: 66 oblique axial slices; 2mm isotropic voxel; 128 volumes with non-colinear diffusion directions and 17 volumes without diffusion weighting; flip angle = 90°; FOV = 212mm; multiband factor = 3; b-value = 1,500 s/mm2; TR = 3,097 ms; TE = 90.2 ms.





Statistical Analysis



Demographics and Clinical Data


Demographic and clinical data were analyzed using IBM SPSS Version 24 (35). Descriptive variables of interest included age, IQ, scores on clinical measures of psychopathology, and current psychiatric diagnoses and medications.




Diffusion MRI Preprocessing and Analysis


Image processing was performed using software from the FSL toolkit (https://fsl.fmrib.ox.ac.uk/fsl/fslwiki). The topup tool from FSL was performed on the pair of dMRI scans (i.e., the right to left phase encode pair) from each participant to estimate the susceptibility induced off-resonance field. Each scan pair was then concatenated using fslmerge. Eddy-current and susceptibility-induced distortion corrections were completed using the Gaussian Process approach applied by eddy in FSL (36). We used the Brain Extraction Tool (BET) in FSL to complete brain extraction on the resulting data. Custom built tools created in MATLAB, as developed by Aganj and colleagues (37) based on the method presented by Assemlal, Tschumperlé, and Brun (12), were used to calculate ODF and create GFA maps for each individual.


Using the steps for Tract-Based Spatial Statistics (TBSS) in FSL (38), we performed nonlinear registration of the GFA maps into standard space, creation of mean GFA images and a white matter “skeleton” for each individual. This was followed by a projection of the GFA data from all subjects onto the mean GFA skeleton. For the purpose of examining brain-behavior correlates within the NSSI group, the JHU-ICBM-tracts-maxprob-thr0-1 mm atlas was used to create region of interest (ROI) masks for the right and left cingulum and uncinate fasciculus, which are both tracts known to be critical for self-regulation. The ROI masks were multiplied with the GFA mean skeleton to restrict the analyses to voxels within the skeleton and in the tracks of interest (see Figure 1). Finally, fslmeants was used to extract average GFA values within the skeleton portion of each of the four ROIs for all participants for clinical correlations.






Figure 1 | Locations of Uncinate Fasciculus and Cingulum Masks. Areas in red were used for the cingulum masks while blue areas were used for the uncinate fasciculus masks.







Statistical Analysis


Group comparisons examining differences between NSSI and HC groups in GFA maps, while controlling for age, were completed using GLM modeling and the Threshold-Free Cluster Enhancement [TFCE; (39)] option with p-value < .01.


Within the NSSI group, we conducted correlations between GFA and clinical measures using partial Pearson’s correlations controlling for age and IQ. To allow our analyses to be more specific to NSSI, as opposed to depressive symptoms, we included BDI scores as covariates. We performed correlations between GFA of the right and left uncinate fasciculus and scores from the 7 DERS scales, 4 BIS scales, and the BOR-S scale from the PAI/PAI-A. Given the total of 24 comparisons and our hypothesis that higher scores on these clinical measures will be associated with lower GFA values, we used a one-tailed p-value < .002 as our level of significance. We used the same method for the right and left cingulum including using a one-tailed p-value < .002. We elected to use one-tailed p-values due to our a priori hypotheses that higher scores on clinical measures will correspond to lower GFA values.


We also explored whether there were any associations between NSSI severity (frequency and duration of NSSI) and GFA in the cingulum and uncinate fasciculus. We used a one-tailed p-value < .0125 in recognition of 4 comparisons for each NSSI frequency and duration.





Results



Demographic and Clinical Characteristics


Overall, 29 NSSI and 22 HC completed all study procedures. After one subject was excluded due to poor dMRI data quality, data from 28 NSSI and 22 HC participants were used for the final analyses. The number of NSSI participants who completed each of the clinical measures for this study varied. Further demographic and clinical characteristics for the sample can be found in Table 1.



Table 1 | Participant demographics.








dMRI


The whole brain group comparison analyses revealed several areas that showed significantly lower GFA in the NSSI group when compared to the HC group at a corrected p < .01 (corrected through permutation testing within TFCE as described in 39). In addition to the cingulum and uncinate fasciculus as predicted, these areas also included bilateral superior and inferior longitudinal fasciculi, anterior thalamic radiation, callosal body, and corticospinal tract. Figure 2 depicts the locations of these group differences.






Figure 2 | Group Differences in GFA: Controls > NSSI. White matter tracts in red show where controls have significantly greater GFA than NSSI. This is overlaid on the mean GFA skeleton (light green). Findings were significant at p < .01.




Lower GFA of the left and right uncinate fasciculus was associated with higher total scores on the attentional subscale of the BIS. A correlation matrix can be found in Table 2, which includes comparisons that were significant at an uncorrected p < .05. For the left and right cingulum, there were no significant associations with measures of self-regulation (DERS and BIS). A correlation matrix can be found in Table 3. Finally, lower GFA of the left cingulum was associated with a longer duration of NSSI. There were no significant correlations between other severity indices (e.g., average number of episodes) and GFA. These in addition to results from other comparisons can be found in the correlation matrix in Table 4.



Table 2 | Self-regulation and uncinate fasciculus correlations.







Table 3 | Self-regulation and cingulum correlations.







Table 4 | Duration of non-suicidal self-injury (NSSI) and cutting frequency and GFA correlations.









Discussion


In this study of white matter microstructure in adolescents and young adults with NSSI, we report extensive group differences in GFA between females with NSSI and healthy controls in the uncinate fasciculus, cingulum, and several other white matter tracts throughout the brain; which is consistent with our hypotheses. This suggests NSSI may be associated with a broad array of white matter disorganization that extends beyond the scope of the present study. However, future research investigating the potential functional meaning of these other white matter deficits may be beneficial. We also report associations between GFA in the uncinate fasciculus and cingulum and clinical characteristics (measures of self-regulation and NSSI characteristics). Specifically, higher levels of attentional impulsivity; characterized by racing thoughts, difficulty with focus, and intrusive thoughts (31); were associated with lower GFA in the left uncinate fasciculus. Additionally, longer duration of NSSI was associated with lower GFA in the left cingulum. These findings suggest that among participants with NSSI, greater psychopathology in key domains (impulsivity, severity of self-harm) may be explained by greater disorganization in key frontolimbic white matter tracts in this still-developing population.



Group Differences in Whole Brain GFA Between NSSI and HC


Adolescents and young adults with NSSI showed lower GFA compared to the HC group in the uncinate fasciculus and cingulum, which is consistent with our hypotheses. In addition, the NSSI group showed lower GFA in several other areas including the inferior and superior longitudinal fasciculi, callosal body, forceps major and minor, anterior thalamic radiation, and corticospinal tract. To our knowledge, only one other study has examined differences in structural connectivity between those with and without self-injury and found compromised white matter microstructure within the frontal lobe in adults with BPD (15). The present study differs from this previous study as it examines adolescents, examines NSSI across diagnoses, uses a larger sample size, employs methods that result in a potentially more accurate scalar measure of white matter integrity (GFA), and also investigates NSSI more explicitly as it is unclear whether the previous study included suicidal self-injury.




ROI-Specific GFA Associations With Clinical Measures


We also examined the association between clinical measures and GFA within the NSSI group while controlling for age, IQ, and BDI-II scores. Lower GFA within the uncinate fasciculus, which serves brain regions implicated in self-regulation, was significantly associated with higher scores on the attentional subscale of the BIS. Given the role the uncinate fasciculus plays in serving as a connection between subcortical structures and frontal regulatory regions, the present findings suggest that those who experience racing and intrusive thoughts or difficulties with focusing on tasks may show compromised white matter organization within this tract. Decreased FA in the uncinate fasciculus has been associated with BPD (40, 41), emotion dysregulation disorders (42), and suicide attempts (43–46). While the relationship between NSSI and impulsivity remains controversial, a recent review provides helpful insight regarding the complexities of this relationship. Lockwood and colleagues (17) highlight that mood-dependent impulsivity, such as that measured by Negative Urgency in the UPPS Impulsive Behavior Scale (47), predisposes an individual to begin engaging in NSSI; while higher scores on more cognitively-related facets of impulsivity were more reflective of recent NSSI, and thus may serve to maintain the behavior. This is consistent with the relationship between BIS scores and GFA within our sample of NSSI participants as they had been engaging in recent self-injury. However, it is necessary to further elaborate on these relationships by also incorporating measures investigating mood-dependent impulsivity.


We also found that longer duration of NSSI was associated with lower GFA within the left and right cingulum. Because we controlled for current age in these analyses, this finding suggests that the impaired white matter integrity of this region among those with NSSI may be the result of a cumulative effect over time. However, it is also important to consider the high likelihood that any existing psychopathology had developed concurrently, or had already existed, around the time of first NSSI episode. Although some studies have reported null findings regarding differences in FA of the cingulum between psychiatric samples and controls (48, 49), a meta-analysis of adolescents with major depressive disorder (MDD) found that overall, those with depression had decreased FA within this region (50). Our finding highlights the importance of early intervention and the utility it may have in preventing aberrant, or restoring normal, neurodevelopmental trajectories. Further, given the number of functions in which the cingulum plays a role, including emotion processing, pain, and executive functioning (18), it is imperative that there is continued investigation into this possible disruption as it may lead to entrenchment of maladaptive behaviors and poorer prognosis.




Strengths and Limitations


This study represents a significant advancement of existing NSSI work as it used an approach to the dMRI data that lessens the impact of crossing fibers when compared to dMRI methods used in previous studies. Unlike many previous studies of NSSI, which investigate the behavior in the context of a specific diagnosis, the present study examines the neural circuitry of NSSI across diagnoses. As a strength, the presence of varying types and levels of psychopathology seen in this study is consistent with what has been found in larger studies of NSSI (51, 52) and may reflect a more representative sample of those with NSSI. However, taking a diagnostic-independent approach also poses a limitation as it is difficult to determine whether findings are specific to NSSI or to psychopathology more broadly. We aimed to limit this influence by controlling for depression symptoms when performing our within-NSSI group analyses, as depressive disorders were the most common diagnoses in our sample. However, it would be beneficial for future research to incorporate a psychiatric control group that is matched to the NSSI group on diagnosis and severity level/level of impairment. Considerations of external validity should be considered given that the present study consisted of only females and primarily older adolescents/young adults. Further, given that there was an experimental intervention offered as part of the larger study, participants may be more likely to be willing to disclose NSSI and be treatment-seeking. Additional limitations include the inability to generalize to males, the likelihood that the present sample was ready to seek treatment, and the sample consisting of mainly older adolescents.


The cross-sectional design of this study is also a limitation, particularly when interpreting the association between longer duration of NSSI and lower GFA. While we do believe this finding supports a treatment approach with an earlier intervention and prevention, it is still imperative to fully explore whether this white matter disruption was present before or after NSSI onset. Longitudinal designs may also help in developing our understanding of the mechanisms of change with successful intervention strategies, which may then be used to target neurobiologically-based deficits associated with NSSI.


It is possible that these white matter anomalies are common across a range of psychopathology. Relying on FA as opposed to GFA, studies examining dMRI have found compromised white matter microstructure associated with psychopathology within these tracts including adults with MDD (53), PTSD (54), and childhood adversity (55), and adolescents with BPD (41). Additionally, a meta-analysis of FA in emotional disorders (MDD, bipolar disorder, social anxiety disorder, obsessive-compulsive disorder, and PTSD) found significantly lower FA compared to healthy controls in the forceps minor, uncinate fasciculus, anterior thalamic radiation, and superior longitudinal fasciculus (56). Given that most individuals in the NSSI group in the present study had a current diagnosis of emotional disorders, such as those included in the meta-analysis by Jenkins and colleagues (56), the widespread findings of lower GFA in this group may reflect overall psychopathology present in this sample. With this in mind, future research examining GFA in adolescents with NSSI should consider incorporating a psychiatric control group to allow for greater specificity in understanding the aberrations that are unique to NSSI.


Finally, our sample size, while much larger than the previous study examining self-injury and white matter integrity, limits our ability to conduct correlational analyses given the number of comparisons and limited power. While there are other clinical measures that may be of interest to explore within this sample, such as identity disturbance and interpersonal sensitivity, we limited our analyses to these specific constructs of self-regulation given the existing literature in NSSI. In the future, larger studies will be better suited to more fully examine other constructs implicated in NSSI.





Conclusion


This is among one of the first studies to provide evidence for the role of compromised white matter organization and its relationship to clinical measures among adolescents and young adults with NSSI. Categorical analyses revealed that compared to healthy controls, the NSSI group exhibited widespread white matter disruption, consistent with other forms of psychopathology including depression and suicide. Dimensional analyses revealed that among those with NSSI, levels of attentional impulsivity and the duration of NSSI within the NSSI group were associated with lower white matter integrity in the uncinate fasciculus and cingulum. Clinically, these findings provide some insight as to how interventions that focus on self-regulation, such as dialectical behavior therapy (DBT), have shown success in treating NSSI (57). Additionally, the association between duration of NSSI and GFA provides further support for the importance of early intervention in hopes to restore healthy neurodevelopmental trajectories. However, longitudinal research is needed to understand when and how these white matter abnormalities develop, whether they predispose adolescents to developing maladaptive behaviors such as NSSI or if they emerge later in the disease course. This knowledge may then contribute to the foundation of more effective and targeted interventions.
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Nonsuicidal self-injury disorder (NSSID) is a condition in need of further study, especially in adolescent and clinical populations where it is particularly prevalent and studies are limited. Twenty-nine clinical self-injuring adolescents were included in the study. The Clinical Assessment of Nonsuicidal Self-Injury Disorder Index (CANDI) was used to assess prevalence of NSSID. The NSSID diagnosis criteria were met by 62.1% of adolescents. The impairment or distress criterion was least often met. Criteria B and C (assessing reasons for NSSI and cognitions/emotions prior to NSSI) were confirmed by 96–100% of all participants. Adolescents with NSSI in this clinical sample had several comorbidities and high levels of psychopathology. NSSID occurred both in combination with and independently of borderline personality disorder traits as well as suicide plans and attempts. Those with NSSID had a significantly higher cutting frequency than those not meeting full NSSID criteria. Other NSSI characteristics, comorbidity, psychopathology, and trauma experiences did not differ between groups. CANDI was a feasible tool to assess NSSID in adolescents. It is important to use structured measures to assess the validity of the NSSID diagnosis across development in both community and clinical samples. The clinical utility of the NSSID diagnosis is discussed.
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Introduction

Nonsuicidal self-injury (NSSI), i.e., deliberately injuring one's own body tissue without suicidal intent (1), is a significant mental health problem among adolescents. This is especially true in clinical populations, in which 40% or more report NSSI (2). NSSI is also common in non-clinical samples, with prevalence rates estimated to be around 18% (3). There is an ongoing discussion whether NSSI should be considered a separate diagnostic entity (4). Those in favor of a nonsuicidal self-injury disorder (NSSID) diagnosis emphasize the pros of having specified criteria cut-offs. This would enable identification of individuals with more severe NSSI who potentially are at high risk and in need of treatment. Furthermore, a diagnosis would stimulate treatment research and distinguish the condition from borderline personality disorder (BPD) and suicidality. It would also lead to improved communication and conceptual clarity in clinical practice (5, 6).

In 2013, NSSI was included in section III of the fifth version of the Diagnostic and Statistical Manual of Mental Disorders [DSM-5; (7)], as a condition in need of further study, making it a highly relevant research area. As currently proposed, NSSID is a dichotomous diagnosis (8), consisting of six criteria that all have to be met in order for a diagnosis of NSSID to be applicable. The potential diagnosis of NSSID is conceptualized as a condition that can occur with or without other comorbidities, such as BPD, as well as suicidality (9). Preliminary data have shown that NSSID prevalence rates range between 5.6% and 7.6% among non-clinical samples of adolescents (10–12), and 0.2–0.8% in young adults (13, 14). In clinical adolescent self-injuring samples, between 74% and 78% meet full criteria (8, 15).

Since the criteria were published, they have been subject to discussion (e.g., 6, 8, 16–19). Based on recent empirical data, revisions of the criteria have been suggested, including proposals that a dimensional approach to the disorder would be more beneficial (8). Criterion A is a frequency criterion, with NSSI occurring on at least 5 days during the past year. See Table 1 for full NSSID diagnostic criteria (7). The validity of criterion A has been examined and debated. Recent studies suggest that the cut-off level needs to be increased and/or the time period needs to be decreased to better delimit individuals with more severe NSSI (16–18). Furthermore, severity needs to be taken into account (16–18). Currently, no distinction is made based on severity between five incidents of less serious damage to body tissue by scratching, for instance, and five episodes of severe cutting that need to be stitched. Criteria B and C measure reasons for engaging in NSSI and emotions/cognitions experienced prior to NSSI, respectively. Criterion C further measures preoccupation with and thoughts about NSSI that are difficult to resist that occur before NSSI. Criterion B has shown to be very highly endorsed and does not discriminate sufficiently since it is overinclusive (8, 20). Similarly, criterion C, specifically C1, has shown to be very commonly endorsed, with interpersonal difficulties or negative states preceding the NSSI incident (8). In a study by Washburn and colleagues (8), criterion C1 was significantly associated with several measures of psychopathology and impairment.


Table 1 | Proposed Nonsuicidal Self-Injury Criteria in DSM-5.



Criterion D ensures that behaviors that are considered socially sanctioned or minor are not included. The diagnostic prerequisite of functional impairment and/or distress caused by the disorder is met by criterion E. The issue of impairment or distress has also been empirically examined (21). Although criterion E is often the least commonly met in several studies (11, 14, 21, 22), it best discriminates those with an NSSID diagnosis from those not meeting full criteria (23). Finally, criterion F describes possible exclusion and differential diagnoses that potentially better explain the self-injurious behavior (7).

The main objective of the diagnosis, i.e., to identify individuals with more severe NSSI, has been examined. Studies that have tried to validate the NSSID diagnosis have shown that it exists both independently of BPD and other disorders (24), as well as comorbidly (8, 15). The criteria can also detect a more severe group compared to individuals with NSSI who do not meet diagnostic criteria. Those with NSSID show greater NSSI versatility, as well as more psychopathology and functional impairment (8, 14, 15, 22, 23, 25). Studies that have examined whether the NSSID criteria could demarcate individuals from those with NSSI in clinical adolescent samples (8, 25) have shown preliminary support for more suicidality in the NSSID group, but also some inconsistencies. The clinical utility of the current diagnostic criteria in clinical samples has also been questioned (8).

Earlier empirical research on NSSID has predominately been done on (young) adults and/or in community/college samples. Only very few studies have focused on clinical and adolescent populations (8, 15, 18, 25). Thus, further research is sorely needed to test the clinical utility of the NSSID diagnosis, as clinical adolescents are those most likely to receive a diagnosis and need treatment planning in clinical practice. The clinical utility of the proposed NSSID criteria is its ability to reliably identify and delimit a group of individuals who are suffering and are impaired by their NSSI. Individuals that have more severe symptoms and risk a negative developmental trajectory are in need of specific treatment.

NSSI characteristics such as methods, frequency and age of onset, clinical psychopathology including comorbid psychiatric diagnoses, BPD, suicidality, emotional awareness and difficulties with emotion regulation, negative life events, and trauma experience are possible variables that are relevant in discriminating between NSSID and NSSI and in examining the clinical utility of the NSSID criteria (26, 27).

Several earlier studies on NSSID have used self-report or other different measures to operationalize the criteria, making comparisons difficult. Clinical interviews developed to assess the NSSID diagnosis have been lacking. The clinical trials preceding DSM-5 resulted in lack of reliability for the NSSID diagnosis (28), which indicates that reliable and valid measures to assess NSSID are crucial to advance the research instead of relying solely on self-report. One such addition is the Clinical Assessment of Nonsuicidal Self-injury Disorder Index (CANDI; 23), which is a semi-structured clinical interview that assesses the full NSSID criteria. CANDI was originally developed for adults and has been psychometrically validated on an adult population (23). The Swedish version has also been used to assess adolescents that participated in an emotion regulation treatment study (29, 30), suggesting that it has potential for this population. There is a need for studies that examine the feasibility of structured measures to assess NSSID, especially in psychiatric adolescent populations, in order to validate and document NSSID prevalence across development, to identify risk and facilitate treatment planning.

To conclude, previous research on the NSSID diagnosis has focused on adult samples, and there are few studies on NSSID in clinical adolescent samples. Structured diagnostic interviews are important for assessment, but these are lacking and little research has been done, especially on psychiatric samples. Advances within this field will help clinicians adequately assess NSSID and avoid over-pathologizing the behavior. Early identification of NSSID may support intervention strategies for those in need and prevent a further negative development of NSSI.

The aim of this explorative pilot study was to investigate the feasibility of assessing DSM-5 NSSID criteria using the structured interview CANDI in a clinical sample of adolescents by examining whether a more severe group could be identified by comparing demographics, NSSI characteristics, psychopathology, and trauma experience of those with an NSSID diagnosis to those with NSSI not meeting full NSSID criteria.



Method


Participants and Procedure

Participants with NSSI were recruited from the child and adolescent psychiatric (CAP) clinic in Linköping, Sweden, from June 2016 to March 2018, as part of a study examining neurobiological markers of NSSI in 30 clinical and 30 healthy adolescents which was carried out at the Center for Social and Affective Neuroscience, Linköping University (31). Inclusion criteria for participants were: having engaged in five or more instances of NSSI during the past 6 months, independent of psychiatric diagnosis, and being a female between 15 and 18 years of age. The time period was limited to 6 months to ensure that participants had relatively recent NSSI, since temporal proximity is important when answering questions referring to NSSI characteristics (such as frequency, methods, and functions), in order avoid questionable retrospective recall (32). The lower age limit was set to 15 years to increase chances of obtaining valid responses from measures, some of which were originally developed for adults. We also limited the sample to females since NSSI is more prevalent in females in clinical samples (33). Based on clinical experience we predicted that the sample would include only one to two male participants if males were included. Exclusion criteria were: current or life-time diagnosis of schizophrenia, bipolar or psychotic disorder and/or alcohol/drug dependence, and IQ below 80. Adolescents meeting inclusion criteria were approached with oral and written information about the study. Participants (and parents, if the participant was <18 years) gave written informed consent. The study was approved by the Regional Ethical Board of Linköping (Dnr 2015/273-31; 2016/224-32).

Participants were assessed at the CAP clinic during one or two sessions by the first author, a clinical child psychologist with extensive experience in psychiatric assessment, who evaluated the NSSID diagnosis. Final comorbid psychiatric diagnoses for the clinical sample were made together with the last author, a child psychiatrist, and were based on all available information from diagnostic interviews and medical records, using DSM-5 (7).

Of the 30 adolescents with NSSI that were recruited to the study, one was not assessed with CANDI. Thus, 29 female participants (M = 15.9 years, SD = 0.77) were included in the present study.



Psychometric Measures


Demographics

Demographic information concerning family status and living conditions, ethnicity and parental education was assessed with questions developed for this study, and from clinical records



Nonsuicidal and Suicidal Self-Injury Thoughts and Behaviors

NSSI characteristics (including frequency and means of self-injury) and diagnosis were assessed using the Clinical Assessment of Nonsuicidal Self-injury Disorder Index (CANDI; 23), which is a semi-structured clinical interview that assesses the full NSSID criteria. CANDI includes an initial screen of past year NSSI, both frequency and days. Each diagnostic criterion is assessed using yes/no presence of the criterion and continuous follow-up data are obtained. CANDI was originally developed for adults, and has been psychometrically validated on an adult population demonstrating good interrater reliability and adequate internal consistency (23). The Swedish version has recently been used to assess adolescents who participated in an emotion regulation treatment study (29, 30).

Selected questions from the semi-structured Self-Injurious Thoughts and Behaviors Interview (SITBI; 34) were used to obtain detailed information about suicidal behavior. SITBI assesses the presence, frequency, and characteristics of self-injurious thoughts and behaviors, and has psychometrically shown strong interrater reliability, test–retest reliability, and concurrent validity (34). SITBI has also been validated in Swedish with good psychometric properties (12).



Psychopathology

The clinical interview Schedule for Affective Disorders and Schizophrenia for School-Age Children-Present and Lifetime Version (K-SADS-PL; 35) from 2009 was used for DSM-IV diagnoses. K-SADS-PL has three sections: 1) introductory interview; 2) screen interview; 3) eight optional supplements. These refer to: 1) affective disorders; 2) psychotic disorders; 3) anxiety disorders; 4) behavioral disorders; 5) substance use disorders; 6) eating disorders; 7) tic disorders; 8) autism spectrum disorders.

Difficulties in Emotion Regulation Scale (DERS; 36) was used to measure difficulties in identifying and regulating negative emotions and difficulties in using goal-directed behavior while under the influence of negative emotions. The questionnaire consists of 36 items rated on a 5-point Likert-type scale from “almost never” to “almost always.” It has six subscales: difficulties in emotional acceptance, difficulties in goal-directed behavior, difficulties in impulse control, lack of emotional awareness, lack of emotion regulating strategies, and lack of emotional clarity. Higher scores indicate more difficulties with emotion regulation. The questionnaire has been used both clinically and in normative populations for adults and adolescents, and has shown to have high internal consistency, good test–retest reliability, and adequate construct validity. Cronbach's alpha for the clinical adolescents' total score in the present sample was α = 0.78, indicating acceptable internal consistency.

Toronto Alexithymia Scale (TAS-20; 37) was used to assess alexithymia. TAS-20 has 20 items, ranging from totally right to totally wrong on a 5-grade Likert-type scale. The questionnaire comprises three subscales: difficulties identifying emotions, difficulties describing emotions, and difficulties externalizing emotions. Higher scores indicate higher levels of alexithymia. TAS-20 is one of the most commonly used self-report scales for alexithymia and has shown good reliability and validity. In the present clinical adolescent sample, internal consistency for the total TAS-20 was α = 0.70; which is acceptable.



Borderline Personality Traits

The Structural Clinical Interview for DSM-IV Personality Disorders (SCID-II; 38) was administered for symptoms of borderline personality disorder (BPD). Both the self-report and interview versions were used in the present study. Cronbach's alpha for the self-report version of BPD was α = 0.85 in the present sample.



Traumatic Experiences

The Trauma Symptom Checklist for Children (TSCC; 39) is a self-report questionnaire developed to identify symptoms of traumatic stress in children and adolescents. The questionnaire consists of 54 items and the respondents rate their answers on a 4-point Likert scale from 0 (never) to 3 (almost always). The results are divided into six subscales (depression, anxiety, dissociation, post-traumatic stress, sexual concern, and anger). TSCC has been evaluated on Swedish children and adolescents with good reliability (internal consistency, test–retest) and satisfactory concurrent and criterion-related validity (40). TSCC showed excellent internal consistency for the total scale in the present sample, α = 0.92.

Linköping Youth Life Experience Scale (LYLES; 41) is an instrument for gauging potentially traumatic life events, including adverse childhood circumstances. LYLES contains 23 main questions and includes measures of interpersonal, non-interpersonal, and adverse childhood circumstances. LYLES has been evaluated on Swedish adolescents from the normative population. Its psychometric properties have been shown to be satisfactory (41).



Intelligence

An abbreviated version of Wechsler Intelligence Scales, fourth edition for children (42) or adults (43), was used to assess intelligence depending on participants' age.




Data Analysis

Continuous data were first tested for normality using Shapiro–Wilk. NSSI frequency and reported NSSI reasons and experiences prior to NSSI were not normally distributed. Data were analyzed with descriptive statistics using frequencies, mean values, cross-tabulation with chi-square (χ2) and independent samples t-tests. All data were baseline data. For data not meeting requirements for normal distribution, between group comparisons were analyzed with nonparametric Mann–Whitney U test and median was presented. For cross-tabulation of categorical data, Fischer's exact test was used when cells had an expected count less than five. Internal consistency was assessed using Cronbach's alpha (α) for the self-report measures. All statistical analyses were performed using the SPSS 24.0 software package (SPSS Inc, Chicago, IL).




Results


Demographic Characteristics

All participating adolescents were female (n = 29, 100.0%). Mean age (SD) was 15.9 (0.77) years for the total NSSI group. Adolescents meeting full criteria for the NSSID diagnosis had a significantly higher IQ (M = 99.0, SD = 8.25) compared to those not meeting full criteria (M = 91.0, SD = 9.45). There were no significant differences between groups concerning age, family structure, parental education, or ethnicity. Sample characteristics are presented in Table 2.


Table 2 | Participant demographics.





Self-Injury Characteristics and Comparisons Between NSSI Groups

Of the total sample of adolescents with NSSI, 18 (62.1%) met full criteria for NSSID according to CANDI, while 11 (37.9%) did not. For the proportion of adolescents meeting NSSID criteria see Table 3. Criterion A was met by 86.2% of the total sample. Those not meeting criterion A (13.8%), despite the presence of five or more NSSI episodes on different days during the past year, were assessed as having too minor a form of self-injury that did not result in bleeding or bruising. All participants (100.0%) met criteria C, D and F. All but one participant (96.6%) met criterion B, as assessed by CANDI, since she did not confirm any of the suggested or other reasons for engaging in NSSI (Table 4). The criterion that was met least often was criterion E, with self-injury being associated with suffering or impairment for 72.4% in this sample. The 21 adolescents (72.4%) that endorsed criterion E mostly acknowledged impairment/distress due to having to cover up scars during summertime or experiencing shame and guilt over cutting, as well as worrying about family members' reactions to their NSSI. For adolescents that did not meet criterion E, distress or impairment was not attributed to NSSI per se, but rather to symptoms associated with other diagnoses or problems.


Table 3 | Participants meeting NSSID criteria, frequencies and percentages.




Table 4 | Self-injury characteristics and comparisons between NSSI groups.



Mean age of onset for NSSI was 12.9 (SD = 1.34) years in the NSSID group (n = 18) compared to 13.64 (SD = 1.03) years in the NSSI group not meeting full criteria (n = 11). Mean number of different NSSI methods used in the total sample was 3.76 (2.13). There were no differences between groups regarding age of onset or number of methods. The only significant difference in self-injury characteristics between groups was the 12-month cutting frequency (p = 0.001), where those with NSSID had a significantly higher frequency than those not meeting full NSSID criteria. Other methods of self-injury, such as severely scratching, punching oneself, or preventing wounds from healing, did not differ between groups. See Table 4. The three most commonly reported reasons for engaging in NSSI (criterion B) were the same in both groups: to decrease or relieve a negative emotion; to punish yourself; to distract yourself from negative thoughts or feelings. The three most commonly reported emotions and thoughts that were experienced before engaging in NSSI (criterion C) were also the same in both groups: feeling sad, depressed or down; feeling worthless, hopeless, or undeserving; and feeling like a failure or inferior (Table 4). There were no differences between groups regarding reported reasons or experiences prior to NSSI. There was considerable co-occurrence of NSSI and suicidality in the present sample. Every adolescent with NSSI (n = 29, 100.0%) reported life-time prevalence of suicidal ideation. Suicidal plans were reported by 61.1% of those with NSSID and 36.4% in the NSSI group, but the difference was not statistically significant. Suicide attempts were reported by 34.5% in the NSSID group, and 27.3% of those with NSSI reported having made a suicide attempt. The difference was not significant. See Table 4.

The CANDI interview was feasible to administer to this clinical sample of adolescents. The questions were understood by the participants. It was possible to make a final assessment of NSSID based on the information gathered in the CANDI interview. Several of the self-injury methods listed in the CANDI, however, such as using acid, bleach or breaking bones, were not acknowledged by any of the adolescent participants in this sample.



Psychopathology, Traumatic Experiences, and Comparisons Between NSSI Groups

Of the total sample (n = 29), 51.7% met criteria for attention deficit hyperactivity disorder, hyperactive/impulsive or inattentive (ADHD/ADD) subtype, and 48.3% met criteria for depression. Comorbid anxiety disorders (44.8%) were also common, as were borderline personality disorder (BPD) traits (41.4%). The mean total number of comorbid psychiatric diagnoses was 2.31 (SD = 1.00). NSSID was comorbid with several diagnoses, such as depression (n = 7, 38.9%), anxiety disorder (n = 7, 38.9%), borderline traits (n = 8, 44.4%), and ADHD/ADD (n = 10, 55.6%). NSSID also occurred independently of BPD in 10 cases (55.6%). Adolescents in the NSSI group who did not meet full NSSID criteria also had several comorbidities: depression (n = 7, 63.6%), anxiety disorder (n = 6, 54.5%), borderline traits (n = 4, 36.4%), and ADHD/ADD (n = 5, 45.5%). There were no significant differences between comorbid diagnoses in the NSSID and the NSSI group. The psychiatric diagnoses for the total sample and respective group (NSSID and NSSI) are presented in Table 5.


Table 5 | Psychopathology, traumatic experiences, and comparisons between NSSI groups.



Six of the 18 adolescents (33.3%) in the NSSID group and none (0.0%) in the NSSI group had been in inpatient care. This was not a significant difference, but a trend (p = 0.06). See Table 5. There were no significant differences between groups regarding psychopathology, such as borderline symptom scores, self-report or interview assessment, emotion regulation difficulties, alexithymia, or clinician-rated depressive symptoms.

Concerning traumatic experiences, the total number of self-reported negative life events or traumatic symptoms did not differ significantly between the groups (Table 5).




Discussion

The clinical utility of the NSSID diagnosis was examined, and the feasibility of using semi-structured CANDI to assess diagnosis criteria in a clinical sample of adolescents with NSSI. Although originally developed for adults, CANDI was a helpful measure in assessing NSSID and NSSI characteristics in this clinical adolescent sample, and thus well suited for this purpose. Of the clinical adolescents with NSSI in this sample, 62.1% met full criteria for NSSID, with criterion E being least commonly met. Cutting frequency significantly discriminated those with NSSID from those with NSSI not meeting full criteria. Those with NSSID did not differ from those with NSSI not meeting full criteria on other self-injury characteristics or psychopathology. NSSID occurred both independently and together with other psychiatric disorders and suicidality, as did NSSI.


Self-Injury Characteristics

The NSSID prevalence rate of 62.1% in this clinical sample of self-injuring adolescents is slightly lower than earlier studies of NSSID in clinical self-injuring adolescents, which have found NSSID rates of 74–78% (8, 14). The present sample was predominately an outpatient sample, while the studies from both Glenn and Klonsky and Washburn and colleagues had more severe inpatient participants who were in treatment specifically for NSSI, which is a possible explanation for the higher prevalence. Other prevalence studies of NSSID in adults have shown result rates ranging between 37 and 46.2% in self-injuring clinical college samples and psychiatric outpatient samples, respectively (22, 23). The prevalence rates in the current study thus fall somewhere in between, which is tentatively plausible and contributes further empirical adolescent data toward the NSSID diagnosis.

Those not meeting criterion A (13.8%), despite the presence of five or more NSSI episodes on different days during the past year, were assessed as having too minor a form of self-injury that did not result in bleeding or bruising. CANDI thus identified individuals who did not meet criterion A but had engaged in NSSI during the past 6 months.

Criteria B and C were met by nearly every subject (96.6% and 100%), which, together with similar earlier findings (20), questions the clinical utility of these criteria. The present study also confirmed previous studies (22, 25) concerning criterion E, which had the lowest endorsement (72.4%). This has also shown to be the case in community samples of adolescents (11, 12). Criterion E is a necessary prerequisite for discriminating those meeting NSSID criteria from those who do not (21, 23), since the diagnosis needs to identify those who are impaired by their symptoms. The impairment/distress criterion is thus central to any diagnosis. The clinical utility of this criterion needs to be examined further, however, as many adolescents tend to see their NSSI as helpful rather than distressing (21). In this study the participants tended to attribute their impairment or distress to their comorbid conditions rather than to NSSI per se.

The only significant difference between those with NSSID and those with NSSI was for cutting frequency. Some of the few earlier studies that have investigated the NSSID diagnosis have identified a more serious group concerning NSSI characteristics and psychopathology (23) using the NSSID criteria, but there have also been some inconsistencies concerning the validity and limited clinical utility in clinical samples as the diagnosis is currently formulated (8, 18). When data in the current study were examined there was a higher proportion of adolescents with suicidal plans in the NSSID group compared to those without an NSSID diagnosis, which tentatively supports the presence of a somewhat more severe group among those who met all NSSID criteria. Lack of statistical significance is probably due to the small sample size, so interpretations need to be made with caution.



Psychopathology and Traumatic Experiences

Results from this study confirm earlier research, where NSSID in clinical samples has been shown to exist both together with and independently of different psychiatric conditions and suicidality (8, 15, 24). This is an important delineation when conceptualizing NSSID, and strengthens the validity of the diagnosis. The most common comorbid conditions in the total sample were ADHD/ADD and depression. Psychopathology did not delimit those with NSSID from those with NSSI not meeting full criteria: depression (38.9% vs 63.6%), ADHD (55.6% vs 45.5%), anxiety disorders (38.9% vs 54.5%), and borderline traits (44.4% vs 36.4%), respectively. Similarly, In-Albon and colleagues did not find diagnostic differences between NSSID and a group with NSSID not meeting full criteria (25). An earlier study that used CANDI in a community sample of young adults with recurrent NSSI (23) did however find some diagnostic differences between the two groups. Those with NSSID had more BPD, bipolar disorder, PTSD, social anxiety disorder, and alcohol dependence compared to those not meeting full criteria. Some diagnostic differences were also found by Kiekens et al. (14), who compared NSSID with a sub-threshold NSSID group. These differences between studies might be due to different samples (adolescents compared to young adults; psychiatric compared to community sample with recurrent NSSI).

In the present sample there were no differences between the NSSID group and the NSSI group on measures of alexithymia or difficulties with emotion regulation. Both groups reported high scores on these measures. In an earlier study by Lüdtke et al. (27) on an inpatient adolescent sample, alexithymia was a significant predictor of NSSID. Difficulties with identifying and describing feelings could potentially increase endorsement of criteria B and C in the NSSID diagnosis.

There was also a trend for those with NSSID (33.3%) in this study to have more experience of inpatient care than those with NSSI (0.0%), which is an indicator of severity.

Traumatic symptoms, as assessed with TSCC, were high in the present total sample (M = 62.63, SD = 20.70) compared to a previous study of a clinical (M = 52.6, SD = 23.9) and normative group (M = 30.4, SD = 18.7) of Swedish adolescents (40). Trauma experience did not separate those with NSSID from those with NSSI, nor did negative life events. This is in line with the earlier study by Lüdtke and colleagues (27), who found that childhood maltreatment and dissociation did not predict a diagnosis of NSSID.

A potential interpretation of the results in the present study could be that the NSSID diagnosis is less useful in discriminating between groups in self-injuring clinical samples with several comorbidities and a high level of psychopathology, compared to community/college samples or clinical samples which includes participants who do not self-injure. This interpretation is similar to the findings of Washburn and colleagues (8). Kiekens and colleagues (14) recently examined NSSID in a large college sample and found a dose-response relationship between NSSI recency and severity and mental disorders and suicidality, where the strength of the association was smaller in the sub-threshold NSSID group compared to those meeting full NSSID criteria.

One assumption could be that since all the individuals in clinical samples are in a severe condition, often with trauma experiences, comorbidity, suicidality, and functional impairment, NSSID as currently defined will not discriminate as clearly within clinical relative to community samples. Thus the clinical utility of the NSSID diagnosis is more limited in identifying a group in need of intervention in this context. Notwithstanding, diagnostic criteria and cut-offs need to be the same regardless of type of sample. If cut-offs were based on empirically derived thresholds in clinical samples, the cutoffs would be higher and would then identify a much more severe group. In that case, there would potentially be a risk of missing NSSID sub-threshold individuals who are also struggling with NSSI and require treatment to avoid an escalating negative trajectory. The NSSID diagnosis would, however, perhaps benefit from different cut-offs based on severity ratings, similar to depression, for example, with minor, moderate and severe conditions. This could potentially increase utility in clinical samples. One such attempt was made by Muehlenkamp et al. (18), who investigated differences between groups with low (1–4), moderate (5–24) and high (≥25) NSSI frequency.

This study contributes important information on the use of a structured clinical measure to assess prevalence rates of NSSID in clinical adolescents, in addition to self-report measures of the criteria in community samples. Although this study focused on a previously somewhat neglected sample in the research area of NSSID, the study has some limitations that need to be addressed. First, the sample size was small with potential type II errors in the statistical subgroup analyses. Also, the multiple comparisons could lead to type I errors. Secondly, the cross-sectional design prevents longitudinal or causal conclusions, such as predicting risk on the basis of the NSSID diagnosis. Thirdly, no validated cut-off values for CANDI were reported, hence the interpretation of the clinical utility of the CANDI is limited. Fourthly, since only girls were included in the study, the findings are restricted in generalizability to other samples. Fifthly, the age group was homogeneous and therefore the feasibility and clinical utility of CANDI for a younger age group cannot be assessed. Sixthly, no other measure of NSSI was used and thus concurrent validity could not be examined. The diagnosis of NSSID was made by one person and inter-rater reliability is therefore lacking.

The NSSID diagnosis is a potential facilitator in identifying risk and planning treatment. More studies investigating the validity of the criteria in larger clinical samples of adolescents are needed. Furthermore, the clinical utility of the diagnosis, and the potential to discriminate between those meeting full criteria NSSID disorder and those who do not, need to be examined further in order not to over-pathologize the behavior. A prospective area for research could be predictively examining whether those who are identified with NSSID are at higher risk of future self-injury, general psychopathology or a high consumption of health care. Results in this field would contribute important data toward establishing clinical utility.

To conclude, CANDI was a feasible tool to evaluate NSSI as an independent disorder in this psychiatric outpatient sample of adolescents. The NSSID diagnosis discriminated between those with and without NSSID in this NSSI sample by cutting frequency, and possibly by inpatient care and suicidal plans, where those with NSSID were a more severe group. However, patients with NSSI (sub-threshold) not meeting full NSSID criteria showed similar levels of psychopathology and NSSI characteristics as patients with NSSID in this clinical sample.
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Introduction

Several studies demonstrated that the hypothalamic-pituitary-adrenal (HPA) axis is dysregulated in suicide attempters. Prospective studies found that people with an abnormal response at the dexamethasone suppression test (DST) are more likely to commit suicide. However, whether DST may predict suicide attempts remains less clear. A possible strategy to address this question is to consider the suicide attempt lethality.



Objectives

(1) To compare the pre- and post-DST cortisol levels in serious/violent suicide attempters and in non-serious/non-violent suicide attempters, and (2) to investigate whether cortisol level can predict new suicide attempts or their lethality.



Methods

The study included 70 recent suicide attempters (25 with a serious or violent attempt) who were followed for two years. Three saliva samples for cortisol measurement were obtained at 8a.m., 3p.m., and 9p.m. before the DST (pre-DST). Then, at 11 p.m., 1 mg of dexamethasone was given orally. The following day (post-DST), three saliva samples were collected at the same hours as before. The post-DST–pre-DST salivary cortisol Δ index was calculated for each collection time. The Risk-Rescue Ratio Scale (RRRS) and the Suicidal Intent Scale (SIS) were used to characterize the suicide attempt at inclusion and those occurring during the follow-up.



Results

Post-DST cortisol level at 9 p.m. was higher in patients with an initial violent or serious suicide attempt than in non-violent/non-serious attempters (p < .010). Higher post-DST cortisol at 9p.m. was associated with lower RRRS rescue score and higher clinical impression of suicide severity at inclusion. Among the 66 patients who completed the follow-up, 26 attempted suicide again at least once. Higher pre-DST cortisol at 8a.m. predicted new suicide attempts during the follow-up (OR = 2.15 [1.11, 4.15]), and higher cortisol Δ index at 9p.m. was associated with higher suicide intent during the follow-up.



Conclusions

Our results suggest that HPA axis hyper-reactivity monitored with the DST is a marker of violent/serious suicide attempt with lower rescue possibility. Furthermore, higher changes between pre-DST and post-DST cortisol levels may predict higher suicide intent. These findings might help to characterize the biological features of nearest suicide phenotypes.





Keywords: dexamethasone suppression test, salivary cortisol, hypothalamic-pituitary-adrenal axis, suicide attempt, severity, intent



Introduction

Suicide is one of the leading causes of death worldwide (1). Therefore, the causes and risk factors that lead people to commit suicide must be identified for improving suicide prevention. However, it is difficult to predict suicide because many factors involved in suicidal behavior interact with each other. According to the stress-diathesis model, suicidal behavior is the result of the interaction between acute or chronic stress factors and traits of susceptibility to commit suicide (diathesis) (2). It has been suggested that some diathesis biomarkers combined with severe stressful events could be a predictor of suicide risk, independently of psychiatric comorbidity (3). The glucocorticoid cortisol, the “stress” hormone implicated in metabolic, cognitive and inflammatory processes, is among these potential diathesis biomarkers (4). Cortisol is secreted from the adrenal glands upon activation of the hypothalamic-pituitary-adrenal (HPA) axis to increase access to energy to face a stressor (5). Elevated cortisol levels have been associated with impairment of some cognitive functions involved in suicide risk, such as cognitive control, emotional/social processing, and decision-making (6, 7). Moreover, stress-induced continuous or repetitive liberation of cortisol will damage the body, including the HPA axis (8).

The Dexamethasone Suppression Test [DST: (9)] is classically used to test HPA axis function. In basal conditions, cortisol level shows a circadian rhythm with a peak of release in the morning at wake-up time. Then, it decreases progressively during the day until early night (between 6 p.m. and 10 p.m.). In the DST, cortisol level is quantified the day following the oral administration of 1 mg of the synthetic corticoid dexamethasone. Dexamethasone is supposed to inhibit cortisol release, inducing a more pronounced decrease during the day1. Cortisol inhibition failure (i.e., non-suppression) is considered a marker of HPA axis hyperactivity. A meta-analysis of DST responses in patients with depression found that non-suppression was associated with subsequent completed suicides (11). This finding was replicated in some follow-up studies (12–14), whereas other works found that non-suppression was related to suicide completion only in elderly patients (15) and in men (16–18). Despite these discrepancies, the most recent literature review on this topic clearly shows that DST is a robust marker of suicide completion in inpatients with depression and history of suicidal behavior (19). On the other hand, the relationship between DST and suicide attempts is less consistent (20). Previous studies showed that DST non-suppression was related to suicide attempt in young individuals (21) and to high scores in scales that quantify the risk of future attempts (22). Other prospective reports showed non-significant relationships between non-suppression and suicide attempts (23, 24).

These discrepancies could be explained by differences among suicide attempters, particularly in the potential lethality of the used method, the choice of a violent method, the medical consequences of the suicidal act, and the level of suicidal intent (25, 26). Serious and violent suicide attempters might show different psychological features compared with non-violent/non-serious suicide attempters (27). In a cluster analysis of 1,009 suicide attempters, Lopez-Castroman et al. (28) identified a cluster of individuals with more violent or severe attempts, higher number of attempts, and earlier age at first attempt. Moreover, Giner et al. (29) showed that violent/serious attempters (i.e., at higher risk for complete suicide) are more likely to be suicide repeaters, with higher suicide lethality than non-violent/severe attempters. Interestingly, Roy (30) found that post-DST cortisol level is higher in violent than in non-violent suicide attempters. Similarly, non-suppression has been significantly related to serious suicide attempts (23, 30, 31). Conversely, Lindqvist et al. (32) reported a negative correlation between post-DST cortisol level and current suicidal intent in patients with major depression.

Therefore, more research is needed to test whether DST is a marker of future suicide attempts in patients with depression and history of suicide. Based on previous findings (23, 30, 31), we hypothesized that post-DST cortisol level might help to identify violent and serious attempters, and predict the lethality of a new suicide attempt. To test this hypothesis, we performed DST in recent suicide attempters who were prospectively followed for 2 years. We wanted to (1) compare pre-DST and post-DST cortisol levels between violent/serious and non-violent/non-serious suicide attempters, and (2) investigate whether cortisol level may predict new suicide attempts and/or their lethality.



Methods


Subjects

This study included 70 adult inpatients (22 men and 48 women, mean age ± SD = 41.59 ± 11.86 years) admitted to a specialized unit at Montpellier University Hospital, France. Patients were referred to this unit from the emergency room or another clinical department after a suicide attempt (i.e., a self-damaging act carried out with at least some intention to die). They were all recent suicide attempters (no more than 1 week between the attempt and DST administration). Twenty-five patients were serious or violent attempters. Violent suicide attempts were classified using the criteria of Asberg and colleagues (25): hanging, drowning, jumping from heights, and use of firearms or knives. A serious suicide attempt was defined as a self-damaging act committed using a non-violent method that required hospitalization in intensive care (33). A list of the suicide attempt methods used by the included patients can be found in Table 1. All patients had a current major depressive episode. Inclusion criteria were: hospitalization for suicide attempt, current major depressive episode as main diagnosis, and being older than 18 years of age. Exclusion criteria were: pregnant or breastfeeding woman, current treatment or medical condition known to interfere with the DST results (e.g., Cushing’s syndrome or corticosteroid intake), and lifetime diagnosis of schizoaffective disorder or schizophrenia. Figure 1 show a flow chart of recruitment process.


Table 1 | List of suicide attempt methods at baseline.






Figure 1 | Flow chart of the study recruitment process.



The a priori power and sample size estimation based on Roy et al. (30) indicated that 10 participants were needed to obtain a significant between-group difference for cortisol level, with alpha significance level fixed at 0.05 and statistical power of 0.80.



Procedure

The study protocol was approved by the local research ethics committees (CPP Montpellier Sud-Méditerranée IV, CHU Montpellier) and performed according to the tenets of the Declaration of Helsinki. All participants signed a written informed consent.

At inclusion, patients who met the inclusion criteria and accepted to participate in the study were hospitalized for two days during which they had a clinical examination before the DST. Follow-up visits were scheduled at 6, 12, 18, and 24 months after the DST. The post-DST suicide history (i.e., new suicide attempts or suicide) was obtained during these visits or by telephone calls. The death certificate was consulted for patients who died during the follow-up. For patients lost to follow-up, information on new suicide attempt(s) was collected from the medical records of the Montpellier University Hospital emergency department (the only emergency unit accredited to manage suicide attempts in the area) for the 2 years after the inclusion date in order to have the same follow-up period for all patients (data were missing for four patients).



Clinical Assessment

Socio-demographic variables: At inclusion, socio-demographic variables (demographic characteristics, education level, employment status, marital status, gynecological history, medication and smoking history) were collected during an interview. Height and weight were also measured.

Psychiatric comorbidity: Psychiatric disorders and suicidal behavior were assessed by senior psychiatrists using the French version of the Mini International Neuropsychiatric Interview [MINI 5.0: (34)].

Depression: Depressive symptomatology was evaluated using the 17-item Hamilton scale (35).

Suicide intent: The suicide attempt intent was evaluated with the Suicidal Intent Scale [SIS: (36)]. This scale includes 15 items: the first eight items evaluate the circumstances of the act, and the last seven items assess the feelings and thoughts at the time of the act.

Suicide lethality: The suicide attempt lethality was evaluated using the Risk-Rescue Rating Scale [RRRS: (37)]. This scale includes 10 items to evaluate the suicide lethality, defined as the probability of inflicting irreversible damage, in function of five risk factors (method, impaired consciousness, toxicity, reversibility, and treatment required), and five rescue factors (location, person initiating rescue, probability of discovery, accessibility to rescue, and time until discovery). A senior psychiatrist evaluated the clinical general impression (CGI) of the suicide attempt severity using a scale from 1 (Minimal) to 4 (Extreme).

At inclusion, the SIS, RRRS and CGI evaluations concerned the most recent suicide attempt. During the follow-up interviews, the SIS and RRRS were evaluated retrospectively if a participant attempted suicide between follow-up visits. This could be done for 12 patients. Information on the CGI score was obtained for 17 re-attempters from the emergency department files. If a patient attempted suicide two or more times during the follow-up, only the data concerning the most severe attempt were used for the analysis.



Salivary Cortisol Quantification

Detailed written and verbal instructions for saliva sample collection were given to all patients. They were instructed to avoid eating or drinking anything (only water), smoking or brushing their teeth at least 1 h prior to sample collection. Nurses made sure that patients did not smoke or take alcohol, and did not eat or drink 2 h before each salivary sample collection. They also monitored the adherence to the saliva collection times and dexamethasone intake. Saliva was collected using Salivette® tubes (Stardex) at 8 a.m., 3 p.m., and 9 p.m. before (pre-DST) and after (post-DST) the oral intake of 1 mg of dexamethasone at 11 p.m. Samples were centrifuged (5,000 rpm, 15 + 2°C) and stored at −20°C until analysis.

Salivary cortisol levels were determined with the Spectria Cortisol radioimmunoassay (RIA) Kit (Orion Diagnostica, Espoo, Finland) or by electrochemiluminescence (ECLIA) with the Elecsys Cortisol II Kit from Cobas®. All cortisol samples (pre-DST and post-DST) from the same patient were analyzed using the same method. The intra- and inter-assay variation coefficients were all below 9.3%. Cortisol scores were standardized separately for the two analysis methods (RIA and ECLIA) by converting each participant’s raw scores to Z-scores. This statistical procedure was previously used to combine data for populations with great differences in basal endocrine measures, for example sex differences in testosterone level (38).

As the pre-DST cortisol levels might affect the post-DST cortisol response, a delta index (Δ) was calculated for the post-DST and pre-DST values at the same hour (e.g., post-DST 8a.m. – pre-DST 8a.m.). Lower δ values reflect a decrease of post-DST cortisol levels relative to the pre-DST levels.



Data Analysis

The presence of outliers was checked using the ± 3 standard deviation criterion. The Kolmogorov-Smirnov test was used to check the normal distribution of variables. Variables not normally distributed were normalized with the log10 method. Then, preliminary analyses were performed using the Student’s t and chi-square tests to identify differences in sociodemographic and clinical variables between serious/violent and non-serious/non-violent suicide attempters at inclusion, and between individuals that attempted or not suicide during the follow-up. Each pre- and post-DST cortisol value and Δ index were correlated with the sociodemographic and clinical variables, using Pearson correlations for continuous variables and Kendall τ for dichotomic variables.

Next, to assess the DST response in function of the violence or severity of the initial suicide attempt, two repeated-measures ANOVA analyses were performed using the pre-DST and post-DST cortisol values, respectively, with “violent/serious suicide attempt” (Yes/No) as between-subject factor, and “hour” (8 a.m., 3 p.m., and 9 p.m.) as within-subject factor. To reduce the likelihood of type I error, the degree of freedom was adjusted with the Greenhouse-Geisser correction (39), when required. Then, ANOVA analysis was performed using the `violent/serious suicide attempt´ (Yes/No) factor and the cortisol Δ indexes. All analyses were adjusted for sociodemographic or clinical variables when preliminary analyses showed between-group differences. Post-hoc tests were performed with simple contrasts using the Bonferroni correction.

Multivariate logistic regressions were used to predict new suicide attempt(s) after adjusting for sociodemographic or clinical variables that were significantly different between the with and without new suicide attempt(s) groups. Each pre-DST, post-DST cortisol, and Δ index value was used as predictor.

Finally, the relationships between pre-DST, post-DST cortisol, and Δ index values and CGI, RRRS and SIS scores at inclusion and during the follow-up were investigated using the Pearson correlation method. In the case of significant relationships, regression models were used after adjusting for sociodemographic and clinical variables that were significantly correlated with cortisol measures. Moreover, analyses were always adjusted for mood stabilizer intake, because previous studies showed that mood stabilizers are a confounder for cortisol (40, 41).

The alpha significance level was fixed at 0.05. Partial eta squared was reported for ANOVA and ANCOVA as a measure of the effect size. β − 1 was reported as a measure of the a posteriori statistical power. Data is available in Supplementary Material. All statistical analyses were performed with SPSS 20.0.




Results


Correlations Between Sociodemographic/Clinical Variables and Cortisol Values

Clinical and sociodemographic variables at inclusion were not significantly different between violent/serious (n=25) and non-violent/non-serious suicide attempters (n=45) (all p > .05; Table 2). The correlations between pre- and post-DST cortisol values and sociodemographic and clinical variables are presented in Table 3.


Table 2 | Sociodemographic and clinical variables at inclusion.




Table 3 | Bivariate correlations between cortisol measures and sociodemographic and clinical variables.





Association Between DST Response and Violent/Serious Suicide Attempt

Analysis of the DST response in function of the violence or severity of the initial suicide attempt (‘violent/serious suicide attempt´ and “violent/serious suicide attempt” × “hour” interaction) found significant differences only for the post-DST cortisol values (“violent/serious suicide attempt” × “hour” interaction: F1.6, 91.5 = 8.29, p < .001, η2p =.12, power =.92), but not for the pre-DST values (p > .05) (Figure 2). Post-hoc comparisons highlighted significant differences in the slopes of the violent/serious (F2, 58 = 3.67, p < .032, η2p =.12, power =.68) and non-violent/non-serious suicide attempters (F2, 58 = 3.87, p < .027, η2p =.11, power =.65). Moreover, post-hoc comparisons showed significantly higher post-DST cortisol levels at 9p.m. in the violent/serious suicide attempter group than in the non-violent/non-serious suicide attempter group (F1, 59 = 7.19, p < .010, η2p =.11, power =.75; Figure 2B).




Figure 2 | Cortisol levels (mean ± SEM of Z-scores) at 8a.m., 3p.m. and 9p.m. A) before and B) after oral administration of dexamethasone in saliva samples from violent/serious suicide attempters and non-violent/serious suicide attempters. **p < .010.



Finally, ANOVA did not show any significant difference in the cortisol Δ indexes between groups (all hours; p > .05).



Associations Between DST Response and Characteristic of the Initial Suicide Attempt

The rescue sub-score of the RRRS was negatively associated with the pre-DST cortisol values at 3 p.m. (r = −.26, p < .046) and 9 p.m. (r = −.33, p < .011), and with the post-DST cortisol values at 8 a.m. (r = −.28, p < .031) and 9 p.m. (r = −.36, p < .005). Conversely, the CGI score (severity of suicide attempt) was positively associated with the pre-DST (r =.24, p < .049) and the post-DST cortisol values at 9 p.m. (r =.34, p < .005) (Table 4).


Table 4 | Bivariate correlations between cortisol measures and suicidal risk and lethality at inclusion and during the follow-up.



The adjusted regression analyses confirmed the negative relationship between the rescue sub-score of the RRRS and the pre-DST cortisol value at 9 p.m. (R2 =.15, β = −.39, p < .004, CI 95% [− 6.29, − 1.23]), and the post-DST cortisol values at 8a.m. (R2 =.17, β = −.32, p < .013, CI 95% [− 6.16, −.76]), and 9 p.m. (R2 =.24, β = −.41, p < .001, CI 95% [− 6.89, − 1.76]). They also confirmed the positive relationship between the CGI score and the post-DST cortisol value at 9 p.m. (R2 =.19, β =.27, p < .027, CI 95% [.12, 2.04]).



Sociodemographic and Clinical Characteristics of Individuals Who Attempted Suicide Again During the Follow-Up

During the 2-year follow-up, 26 patients attempted suicide again (n=11 one suicide attempt, and n=15 two or more suicide attempts). Among these 26 patients, only two committed a severe or violent suicide attempt. Moreover, two patients completed suicide during the follow-up, after having attempted suicide at least another time after inclusion. Re-attempters were younger and more often on mood stabilizers than non-re-attempters (n=40) (t63 = 2.53, p < .014; χ2 = 4.10, p < .043, respectively) (Table 2). Therefore, logistic regression analyses were adjusted for age and mood stabilizer intake.



Association Between DST Response and New Suicide Attempt(s) During the Follow-Up

Higher pre-DST cortisol and lower cortisol Δ index values at 8 a.m. predicted higher odds of a new suicide attempt during the 2-year follow-up (β = .76, p < .023, OR [95% CI] = 2.15 [1.11, 4.15], and β = - 2.76, p <.052, OR [95% CI] = .06 [.004, 1.02], respectively)2.

After removing the two suicide completers from the sample, higher pre-DST cortisol (β = .76, p < .026, OR [95% CI] = 2.14 [1.09, 4.18]) and lower cortisol Δ index values at 8 a.m. (β = - 3.00, p < .047, OR [95% CI] = .05 [.003, .96]) remained associated with higher odds of a new suicide attempt.



DST Response and New Suicide Attempt Features

During the follow-up, the cortisol Δ index at 9 p.m. was positively associated with the total (r = .75, p < .008), planning sub-scale (r = .65, p < .030) and lethality sub-scale scores (r = .76, p < .007) of the SIS. Conversely, the CGI and RRRS scores for the new suicide attempt (or most severe new attempt) during the follow-up were not correlated with the DST response (p > .05) (Table 4).

However, the adjusted regression analyses, using the SIS scores as dependent variable and cortisol Δ index values as predictors, retained only the positive relationship between the SIS lethality sub-scale score and Δ index at 9p.m. (R2 =.58, β =.86, p < .045, CI 95% [1.12, 73.61]).




Discussion

This study shows that salivary cortisol is a good predictor of the risk, severity and lethality of suicidal acts at baseline and during the follow-up. Specifically, post-DST cortisol level at 9 p.m. was higher in the violent/serious suicide attempter group than in the non-violent/non-serious attempter group at inclusion. Moreover, post-DST cortisol level at 9 p.m. was related to lower rescue (RRRS) and higher CGI (suicidal severity) scores. We could not test the predictive value of this measure during the follow-up because among the 26 patients who attempted suicide again, only two performed a violent/severe suicidal act. Higher pre-DST cortisol level (significant) and lower Δ index at 8a.m. (trend) predicted higher risk of new suicide attempt in the following 2 years. Finally, the cortisol Δ index value at 9 p.m. was positively correlated with the intent of the most severe suicidal attempt during the follow-up. All these results show the usefulness of salivary cortisol quantification after DST to differentiate among suicide attempt phenotypes and to predict severe/violent suicide attempts.

Although several studies demonstrated that post-DST cortisol level is a good predictor of future suicide completion (12, 13, 15–18), most of the previous works using DST failed to predict suicide attempt at baseline (32, 43, 44) or new attempts (23, 24). Similarly, our results show that post-DST cortisol did not predict future suicide attempts in a sample of patients with history of suicide attempts. However, they show that violent/serious attempters at inclusion had higher post-DST cortisol at 9 p.m. than the other suicide attempters. This is in agreement with previous findings showing non-suppression at the DST in patients with previous serious or violent suicide attempts (23, 30, 31). Regarding the time of day, it is likely that non-violent/non-serious suicide attempters rapidly recovered the normal circadian rhythm after DST, unlike violent/serious attempters. Moreover, patients with lower rescue possibilities (RRRS) and higher suicide attempt severity (CGI score) had higher post-DST cortisol level. A study showed that non-suppressors at the DST are more prone to make a psychologically, not medically serious suicide attempt during the follow-up (31). However, in a 5-year prospective study on 42 patients, Roy (30) did not find any significant difference between patients who attempted suicide with a violent method and with other methods. Thus, it seems that HPA axis dysregulation is related to suicidal characteristics closer to suicide completion. It is now important to determine whether HPA axis dysregulation predicts lifetime riskier attempts or whether it is a short-term consequence after a suicide attempt.

Furthermore, our results show that higher pre-DST cortisol levels at 8a.m. predicted suicide re-attempt. Jokinen et al. (45) found a negative relationship between baseline cortisol (sample obtained in the morning) and suicide attempt during a 20-year follow-up. This difference could be explained by the fact that we included only suicide attempters, and that our follow-up lasted only 2 years. Previous studies reported that higher cortisol awakening response (CAR) is related to higher hopelessness (46) and higher engagement in non-suicidal self-injuries (47), two behaviors that are strongly associated with suicide. Although the pre-DST cortisol level at 8 a.m. is not a measure of CAR, it might partially reflect the morning response. It would be interesting to assess whether CAR is a predictor of past or future suicide attempts.

Finally, when evaluating the changes (Δ index) in post-DST–pre-DST cortisol levels, lower Δ index at 8 a.m. predicted new suicide attempt(s), whereas higher Δ index at 9 p.m. was related to higher suicidal intent. However, after adjusting for confounders only the relationship with the SIS lethality sub-scale score remained significant. This could be explained by the lack of statistical power because of the small number of patients who attempted suicide again during the follow-up. Higher post-DST cortisol level has been related to lower suicide intent at baseline (31), but not during the follow-up. The relationship between cortisol and follow-up SIS score should be interpreted with caution because of the small sample. Yet, these findings show the importance of comparing post-DST and pre-DST levels.

This study has some limitations. First, we did not evaluate current life stressors. Moreover, we used saliva and not serum samples to measure cortisol, although blood sampling is the most common procedure for DST. However, previous studies showed that saliva and blood cortisol measures after DST are highly correlated and can equally predict psychiatric conditions (48, 49). Saliva cortisol testing is less invasive and easier to obtain, giving more opportunities for assessing the DST response in different contexts. Another limitation is the use of two different methods (RIA and ECLIA) to quantify salivary cortisol. Finally, the sample size was small, and the included patients were all recent suicide attempters. This might limit the generalization of our results.

To conclude, we found that DST might be a good test to predict suicide attempts with characteristics of danger for the patient’s life. More research is needed to understand whether higher cortisol levels are the consequence of the suicide attempt severity, or vice versa. Our results also show that post-DST cortisol and pre-DST cortisol levels can predict higher intent and lethality of future suicide attempts, suggesting that cortisol levels could be a predictor of suicide lethality. Finally, higher morning baseline cortisol predicts new suicide attempt(s). Our study adds more evidence to the hypothesis of HPA axis dysregulation in suicide attempters, and highlights the importance of cortisol as a predictive biomarker for suicide.



Data Availability Statement

All datasets generated for this study are included in the article/Supplementary Material.



Ethics Statement

The studies involving human participants were reviewed and approved by CPP Montpellier Sud-Méditerranée IV, CHU Montpellier. The patients/participants provided their written informed consent to participate in this study.



Author Contributions

Recruiting participants: AC, CG, EO, PC, SG. Performed the psychiatric interviews: CG, EO, SG, PC. Supervised dexamethasone procedure: AC, CG. Reviewing specific literature: AA-C, CG, IC. Formulating the problem and hypothesis: AA-C, EO, IC, PC, SG. Analyzed data: AA-C. Wrote the paper: AA-C, CG, EO, SG, PC. Approved the final version of paper: AA-C, AC, CG, EO, IC, PC, SG.



Funding

This study was financially supported by Programme Hospitalier de Recherche Clinique (CHU of Montpellier- PHRC UF 7653).



Acknowledgments

We thank Mrs. Gaelle Martinez and Mr Serge Bonnet for their help in recruiting participants and implementing the study. Salivary cortisol was quantified by the Laboratory of biochemistry and hormonology, Montpellier University Hospital. The text was revised by Ms Elisabetta Andermarcher, freelance editor.



Footnotes

1See Figure 2 from Kaseva et al. (10) for a summary of the salivary cortisol response in healthy people the day before and after the DST.

257 of the 70 patients completed the childhood trauma questionnaire [CTQ: Bernstein et al., 42]. This questionnaire was not included in the main analysis due to the reduction of statistical power. The distribution of childhood trauma or neglect was not significantly different (all p > .05) between violent/serious vs non-violent/non-serious suicide attempters and also between re-attempters vs non- re-attempters during the follow-up. Conversely, pre-DST cortisol at 8 a.m. was positively correlated with physical neglect (r =.22, p < .05); no other significant correlation –was identified (all p > .05). A sensitivity analysis was performed to investigate the relationship between pre-DST cortisol at 8 a.m. and reattempt during the follow-up after adjusting for physical neglect. This relationship remained significant (β = 1.14, p < .006, OR [95% CI] = 3.12 [1.39, 6.99]).
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Introduction

Although research over the past decade has resulted in significantly increased knowledge about distal risk factors for non-suicidal self-injury (NSSI), little is known about short-term (proximal) factors that predict NSSI thoughts and behaviors. Drawing on contemporaneous theories of NSSI, as well as the concept of ideation-to-action, the present study clarifies (a) real-time factors that predict NSSI thoughts and (b) the extent to which theoretically important momentary factors (i.e., negative affect, positive affect, and self-efficacy to resist NSSI) predict NSSI behavior in daily life, beyond NSSI thoughts.



Methods

Using experience sampling methodology, intensive longitudinal data was obtained from 30 young adults with frequent NSSI episodes in the last year. Participants completed assessments up to eight times per day for 12 consecutive days (signal-contingent sampling). This resulted in the collection of 2,222 assessments (median compliance = 79.2%) during which 591 NSSI thoughts and 270 NSSI behaviors were recorded. Using the dynamic structural equation modeling framework, multilevel vector autoregressive models were constructed.



Results

Within the same assessment, negative affect was positively associated with NSSI thoughts, whereas positive affect and self-efficacy to resist NSSI were each negatively associated with NSSI thoughts. Across assessments, higher-than-usual negative affect and self-efficacy to resist NSSI were predictive of short-term change in NSSI thoughts. While fluctuations in both negative affect and positive affect prospectively predicted NSSI behavior, these factors became non-significant in models that controlled for the predictive effect of NSSI thoughts. In contrast, self-efficacy to resist NSSI incrementally predicted a lower probability of engaging in NSSI, above and beyond NSSI thoughts.



Discussion

This study provides preliminary evidence that affective fluctuations may uniquely predict NSSI thoughts but not NSSI behaviors, and point to the role of personal belief in the ability to resist NSSI in preventing NSSI behavior. These findings illustrate the need to differentiate between the development of NSSI thoughts and the progression from NSSI thoughts to behavior, as these are likely distinct processes, with different predictors.





Keywords: non-suicidal self-injury, real-time prediction, ideation-to-action, intensive longitudinal assessment, ecological momentary assessment



Introduction

Non-suicidal self-injury (NSSI), defined as the deliberate, self-inflicted damage of one's own body tissue without suicidal intent (e.g., cutting, scratching, and hitting oneself), is a worrisome behavior among adolescents and emerging adults (1, 2). Pooled lifetime prevalence estimates of NSSI are close to 17%–18% among adolescents and 12%–20% among emerging adults (3, 4). NSSI behaviors are an important predictor of future suicidal thoughts and behaviors (5–8) and psychopathology (9, 10), and are associated with stigma and feelings of shame (11–13), low levels of disclosure and help-seeking (14–16), and other adverse outcomes [e.g., poorer academic performance; (17)]. Together, these findings underscore the importance of a good understanding of the factors that underlie NSSI, with a view to informing preventive and intervention initiatives.


The Short-Term Prediction Problem in Existing Research on NSSI

While NSSI and its correlates have traditionally been studied using cross-sectional designs, over the past decade, concerted efforts have been made to clarify long-term (distal) predictors (18–21). These longitudinal studies typically take a population-level nomothetic approach (i.e., risk stratification at the between-person level), involving few measurement occasions (usually 2–5) that are spaced over long observation windows (e.g., yearly). Although such an approach may be useful in revealing who—within the entire population—is at relatively high risk of engaging in NSSI in the next months or years, it lacks temporal resolution to reliably tell us when individuals at high risk are most likely to contemplate, or engage in, NSSI in the next minutes and hours. Providing greater clarity regarding short-term (proximal) predictors requires a specific research design that takes an individualized ideographic approach (i.e., risk stratification at the within-person level) as well as intensive monitoring to capture momentary processes that explain imminent risk of NSSI. Fortunately, the recent proliferation of new technologies and smartphone-based apps have now made it feasible to use experience sampling methods to study NSSI and its real-time predictors in daily life (22).



Affective Disturbances and NSSI

A central focus of most theoretical models is that NSSI most often serves an affect regulation function (23–26). Empirical work supports that affect regulation is the most common reported reason for NSSI (27), and, consequently, many studies have focused on the predictive value of affective traits at the between-person level (28). This work revealed that both higher trait negative affect (i.e., tendency to experience more negative emotions) and lower trait positive affect (i.e., tendency to experience less positive emotions) are associated with risk of lifetime (29–31) and future NSSI behavior (32, 33). In line with this, emotional problems (especially anxiety and depressive symptoms) have been identified as risk factors of NSSI at the between-person level (18, 19, 34). Unfortunately, fewer studies have focused on the role of affect in determining short-term risk for NSSI at the within-person level [for an overview see (35)]. One consistent finding across studies is that negative affect increases prior to NSSI (36–38), and predicts a higher probability of NSSI in the next hours (39–42). For instance, using ecological momentary assessment, Kranzler and colleagues observed that a momentary increase in negative affect positively predicted NSSI in the following 2–3 hours for adolescents and young adults (40). Similarly, Houben and colleagues, demonstrated that higher-than-usual negative affect increased the likelihood of NSSI in the next 30–120 minutes among a sample of inpatients (39). While these findings are important and support the affect regulation function of NSSI, future work is required beyond these initial studies to clarify the specificity of affective fluctuations in the short-term prediction of NSSI at the within-person level.

Of note, more research is warranted investigating the potential utility of positive affect as a protective factor against NSSI, as evidence to date has yielded inconclusive results. While some researchers have observed a decrease in positive affect in the hours prior to engagement in NSSI (36, 37), others failed to confirm such a time trend (38), and found that lower-than-usual positive affect is not prospectively predictive of NSSI (39, 40). It may be that momentary lowered positive affect is more tolerable than increased negative affect, and therefore less relevant in eliciting NSSI (40). In any case, better understanding the role of affect requires thorough examination of specific emotions (e.g., relaxed, stressed), as well as composite constructs (e.g., positive affect). Retrospective studies, for instance, have demonstrated that people who self-injure report increased levels of positive emotions low in arousal (e.g., satisfied, relaxed) as well as decreased levels of negative emotions high in arousal (e.g., anxious, stressed) from prior to post NSSI (43, 44). However, because these studies are susceptible to memory biases that may distort these findings, experience sampling studies are warranted to evaluate whether low-arousal positive emotions, and/or high-arousal negative emotions, are most relevant in predicting NSSI within the next few hours. Providing greater clarity regarding the specificity of affective states as short-term predictors of NSSI would provide valuable information for the development of novel preventive interventions.



Affective Disturbances Predictive of NSSI Thoughts or NSSI Behavior?

Surprisingly little is known about the extent to which affective fluctuations predict NSSI behavior, beyond NSSI thoughts. Originating from studies on suicidal thoughts and behaviors (45–47), the ideation-to-action framework argues that the factors that lead people to contemplate about a behavior (i.e., in this case thoughts concerning suicide) may not necessarily be the same factors that govern whether people act on their thoughts (i.e., attempt suicide). In a similar vein, it may be equally important to differentiate between the process of developing NSSI thoughts and engaging in NSSI behavior. NSSI thoughts are an important near-term precursor of NSSI behavior (41, 42), and a growing body of evidence suggests that momentary increased negative affect and lowered positive affect are salient factors in predicting NSSI thoughts (40, 41, 48). As such, similar to the observation that affective disturbances are robust predictors of suicide ideation but not attempt (47, 49–51), the possibility exists that affective fluctuations are relevant in predicting short-term change in NSSI thoughts but are not uniquely predictive of making the transition from NSSI thoughts to behavior. While emerging evidence suggests that fluctuations in positive affect might be more useful in predicting thoughts than behavior (40), it is currently unclear whether negative and positive affective states hold predictive value beyond NSSI thoughts in determining short-term risk of NSSI behavior. Addressing this important gap in knowledge requires that future experience sampling studies carefully consider NSSI thoughts when evaluating affective states in the prediction of NSSI behavior.

If affective fluctuations are more useful in explaining short-term change in NSSI thoughts than in predicting the occurrence of NSSI behavior, an important question is whether we can identify momentary factors that provide added insight into whether someone will transition from NSSI thoughts to behavior. Contemporaneous models of NSSI have begun to incorporate cognitive processes in explaining when people are at heightened risk of engaging in NSSI (23, 26). According to the Cognitive-Emotional Model of NSSI (23), NSSI-related cognitions determine whether someone who is experiencing an aversive emotional situation will, or will not, engage in NSSI in the next minutes and hours. Specifically, this model postulates that personal belief in the ability to resist NSSI will be a unique protective factor against NSSI behavior. While findings confirm that people who engage in NSSI report lower self-efficacy to resist NSSI than peers who do not self-injure (23, 52, 53), experience sampling studies are warranted to evaluate whether these beliefs have utility in determining risk of NSSI behavior.



The Present Study

We designed the present study to clarify the extent to which momentary fluctuations in affective states and self-efficacy to resist NSSI are real-time predictors of NSSI thoughts and behaviors. Specifically, there were two major objectives at the within-person level. The first main objective was to evaluate whether within-person fluctuations in negative affect, positive affect, and self-efficacy to resist NSSI predict NSSI thoughts within the same observation window (i.e., contemporaneous associations reflecting processes occurring in the moment; objective 1a in Figure 1), as well as from one observation window to the next (i.e., temporal associations reflecting processes that unfold within hours; objective 1b in Figure 1). Based on existing knowledge (40, 41, 48), we hypothesized that higher-than-usual negative affect, and lower-than-usual positive affect, would each be contemporaneously and temporally associated with NSSI thoughts. However, as we expected that momentary fluctuations in affective states would trigger NSSI thoughts more strongly within minutes than hours, stronger effects were anticipated in contemporaneous than temporal models (54).




Figure 1 | Graphical illustration of the first research objective of the study in which NSSI thoughts are predicted within (Objective 1a depicted in panel A) and across measurement windows (Objective 1b depicted in panel B) at the within-person level. Solid arrows indicate effects of interest. Dotted arrows represent autoregressive effects and dotted lines associations within the same observation window.



The second main objective was to evaluate whether within-person variation in affective states and self-efficacy to resist NSSI, relative to their own average levels, predict NSSI behavior above and beyond NSSI thoughts (Figure 2). Building upon previous research from the suicide literature (47, 49, 50), we hypothesized that fluctuations in affective states would not further increase the risk for NSSI behavior, after accounting for NSSI thoughts. To explore the utility of specific emotions, results were also analyzed using emotions as units of analyses rather than composite measures of negative and positive affect. As suggested by the Cognitive-Emotion Model of NSSI (23), we expected that self-efficacy to resist NSSI would negatively predict the occurrence of NSSI behavior above and beyond NSSI thoughts. Finally, in keeping with empirical work at the between-person level (18, 19, 32–34), an additional aim of the study was to evaluate trait negative affect, trait positive affect, self-efficacy to resist NSSI, and anxiety and depressive symptoms assessed at baseline as prospective predictors of NSSI thoughts and behaviors (Objective 3). Consistent with previous research and the ideation-to-action framework (18, 19, 47, 49, 50), we hypothesized that depressive symptoms would uniquely predict mean-level of NSSI thoughts over time but not probability of NSSI behavior, whereas the opposite pattern of results was expected for self-efficacy to resist NSSI.




Figure 2 | Graphical illustration of the second research objective of the study in which NSSI behavior in daily life is predicted by real-time factors (i.e., negative affect, positive affect, and self-efficacy to resist NSSI), beyond NSSI thoughts at the within-person level. Solid arrows indicate effects of interest. Dotted arrows represent autoregressive effects and dotted lines associations within the same observation window.






Methods


Participants and Procedure

Participants were 30 young adults (Mean age = 20.1, SD = 1.1; 80.0% female) selected from an ongoing longitudinal survey study of college students (19), meeting inclusion criteria of: (a) NSSI on 5 or more days in the last year, and (b) reported urges to self-injure in the past month. Participants were invited to the laboratory to complete self-report questionnaires and a diagnostic interview, and to receive training on completing the experience sampling protocol via “ExpiWell,” a widely used smartphone app for real-time, and real-world, data collection (https://app.expiwell.com). The presence of 12-month mental disorders was assessed by means of the Structured Clinical Interview for DSM-5 (55). A clinical psychologist administered the following sections: mood disorders, anxiety disorders, obsessive-compulsive and related-disorders, substance use disorders, externalizing disorders, post-traumatic stress-disorder, and eating disorders. NSSI characteristics and suicidal thoughts and behaviors were assessed with the Self-Injurious Thoughts and Behaviors Interview (56). Table 1 presents an overview of the diagnostic features of the sample. Participants met diagnostic criteria for a median of two mental disorders in the last 12 months, with DSM-5 anxiety and mood disorders being most prevalent (range 33.3%–50%; Table 1). Participants reported a median of NSSI on 17.5 days in the past year (range 5–360 days), and used a median of 5 NSSI methods (ranging between 2 and 10). Two thirds of the sample (66.7%) also reported having suicidal thoughts in the preceding 12 months, and 20% reported having made at least one suicide attempt in their life (median = 2.5 attempts).


Table 1 | Diagnostic characteristics of the sample (n = 30).



Following initial screening, participants were enrolled in a 12-day signal-contingent experience sampling protocol in which they were prompted randomly eight times per day, between 9 a.m. and 9 p.m., in blocks of 1.5-h segments (minimum 15 minutes apart from prior assessments). Participants without a smartphone were provided with a personal device by the research team. To ensure that we captured people in their ongoing activities, and to avoid retrospective reporting, participants were required to register their response within 15 minutes of each prompt. Reimbursement for participation was structured to encourage compliance (42), with a financial compensation of €25 if compliance ranged between 25% and 50%, €50 between 50% and 85%, and €75 if compliance exceeded 85%. Overall compliance was good (median = 79.2%) with, on average, 74 randomly registered recordings per participant (range 36–95), resulting in 2,222 randomly registered recordings for the entire sample. Prior to enrollment, all participants were briefed about the procedures and the voluntary and confidential nature of the study and were provided with contact details of responsible clinicians (including the first and last author, both clinical psychologists). One item of the experience sampling protocol also assessed suicide ideation and activated a popup screen within the app with additional resources when participants reported experiencing suicidal thoughts. Written informed consent was provided by all participants and the study's protocol was approved by the University's Ethical Review Board and by the Belgian commission for the protection of privacy. All procedures were in accordance with the 1964 Helsinki declaration and its later amendments.



Laboratory Measures

Trait Positive and Negative Affect was assessed using the Positive and Negative Affect Schedule [PANAS; (57)]. The PANAS presents 10 positive (e.g., excited, attentive) and 10 negative emotions (e.g., distressed, nervous), and participants were asked to rate the extent to which they “generally” experience each emotion on a five-point Likert scale ranging from 1 (very slightly or not at all) to 5 (extremely). The PANAS is a reliable and valid measure that is invariant across demographic variables (58), and the internal consistency coefficients of both scales were also good in the current sample (αPA = 0.78, αNA = 0.88).

Self-Efficacy to Resist NSSI was assessed using the six‐item measure adapted from the Self‐Efficacy to Avoid Suicidal Action Scale (59). In this study, participants reported from 1 (very uncertain) to 10 (very certain) whether they believe they can resist engaging in NSSI in the next 2 weeks (e.g., “How certain are you that you will not self‐injure in the next two weeks?”), with higher scores indicating a higher personal belief in the ability to resist NSSI. The adapted NSSI version has shown good internal consistency coefficients in previous research (52, 53) as well as the current sample (α = 0.74).

Anxiety and Depressive Symptoms in the past week were measured using the 21-item Depression Anxiety Stress Scales (60). The anxiety (e.g., “I felt I scared without any good reason”) and depression (e.g., “I felt down-hearted and blue”) scales include seven 4-point items ranging from 1 (Did not apply to me at all) to 4 (Applied to me very much or most of the time) that assess symptoms in the preceding week. Both scales have demonstrated good internal consistency and convergent and discriminant validity in previous research (60). The internal consistency of the scales in the current sample was acceptable for the Anxiety scale (α = 0.61) and good for the Depressive scale (α = 0.89).



Ecological Momentary Assessment

Momentary Positive and Negative Affect was assessed by asking respondents at each prompt to what extent they currently experience four positive (i.e., excited, cheerful, satisfied, relaxed), and six negative emotions (i.e., stressed, irritated, anxious, sad, hopeless, insecure): “Right now, I feel [emotion].” These specific emotions were selected because they represent a conceptual range of emotions within all quadrants of the affective circumplex defined by the dimensions of valence and arousal (61). Each emotion was rated on a 7-point Likert scale ranging from 0 (not at all) to 6 (very much), with the order in which emotions were presented randomized within persons, across beeps. Each affective state was calculated as a weighted mean across items. Using methods described by Shrout and Lane (62), both scales demonstrated excellent between-person reliability (RKRPA = 0.98, RKRNA = 0.99), and good within-person reliability (RCPA = 0.83, RCNA = 0.77).


Momentary NSSI Thoughts and Occurrence of NSSI Behavior

At each prompt, participants were asked to indicate whether they were currently thinking of engaging in NSSI (“Right now, I think about self-injuring without suicidal intent”) using a 7-point Likert scale ranging from 0 (not at all) to 6 (a lot). Additionally, participants were asked to indicate whether or not they engaged in NSSI since their last registration (“Have you self-injured without wanting to die since the last beep?”). If answered affirmatively, a list of NSSI behaviors was presented including cutting/carving, scratching, hitting, burning, biting, head-banging, wound interfering, and an “other” category.

Momentary Self-Efficacy to Resist NSSI was measured by asking participants how confident they felt in their ability to resist NSSI (“How confident are you that you will not engage in NSSI till the next beep”) using a 7-point Likert scale ranging from 0 (not confident at all) to 6 (very much confident).




Statistical Analyses

To accommodate the two-level structure of the data (i.e., observations nested within persons), and to provide understanding of the value of real-time predictors of NSSI thoughts and behavior, multilevel vector autoregressive models were constructed within the Dynamic Structural Equation Modeling Framework (DSEM) in Mplus 8.3 (63, 64). Contemporaneous associations between factors of interest and NSSI thoughts within the same window of measurement (Objective 1a) were examined using Residual DSEM, which is closely related to the regular DSEM framework, but allows modeling of the autoregressive part of the model while preserving the structural part on the contemporaneous relationships (65). Temporal relationships between factors of interest and both NSSI thoughts and behavior (Objectives 1b and 2) were examined using regular DSEM. This allowed us to investigate the extent to which time-varying variables at t − 1 (e.g., negative affect) predict NSSI thoughts and NSSI behavior at t, above and beyond the lagged version of the outcome variable (i.e., the autoregressive parameter) and/or a confound variable at t − 1 (e.g., NSSI thoughts in the prediction of NSSI behavior). Latent person-mean centering was used to allow interpretation of predictor variables at the within-person level in a relative fashion for each person while accounting for sampling error. At the between-person level, we considered trait negative affect, trait positive affect, baseline self-efficacy, and anxiety and depressive symptoms in the past week as prospective predictors of NSSI thoughts and NSSI behaviors during the 12-day experience sampling protocol (Objective 3). These between-person variables were grand-mean centered to allow interpretation relative to the overall sample mean.

In all models, we used Bayesian estimation based on Markov Chain Monte Carlo using Gibbs sampling. Bayesian estimation has several advantages over a frequentist approach in this context, such as better performance in small samples (i.e., posterior distributions are not required to have asymptotically normal distributions). Non-informative priors were used in all analyses. Point estimates were obtained by taking the median of the posterior distributions for each parameter. Statistical significance was determined by estimating a 95% credibility interval (CI) around each point estimate. A 1-hour transformed time interval was specified using the “TINTERVAL” statement to account for unequally-spaced intervals due to missing data and random sampling within blocks. This procedure creates a new time variable (measured in hours since first assessment in this study) and inserts based on the defined metric missing data records when no observation is present [for a detailed overview of this approach see (63)]. Missing data in DSEM is handled using a Kalman filter approach. Due to this procedure, all observations can be used in the analyses and a constant interpretation of lagged relations is maintained (66). Given that treating covariates as exogenous variables in time-series settings may yield biased estimates (65), autoregressive effects of covariates were included in both RDSEM and DSEM models. Bayesian linear regressions were used to predict continuous variables, such as NSSI thoughts, whereas Bayesian probit regression was used to predict the occurrence of NSSI behavior, which was modeled as a categorical variable (present/absent). Each model was specified using random intercepts with all other within-level parameters fixed, and was estimated using a minimum of 2,500 iterations with a thinning parameter of 20. Model convergence was ensured by checking that the potential scale reduction was close to 1 and trace plots did not contain trends, spikes, or other irregularities.




Results


Preliminary Descriptive and Variability Analyses

During the 12-day experience sampling protocol, 591 NSSI thoughts (i.e., score higher than 0; mean intensity = 0.72; SD = 1.48) were reported. Among those reporting NSSI thoughts (90%), on average 21.9 (SD = 21.4; median = 16.0; range 1–70) NSSI thoughts were reported. Of the sample, 53.3% of the participants engaged in NSSI, with an average of 10.4 episodes during the 12-day experience sampling protocol (SD = 10.7; median = 6.0; range 1–37). In total, 270 NSSI behaviors were recorded across 167 assessments (7.5% of all sampled time points). Table 2 presents the descriptive and variability statistics for all within and between-person variables. These findings show that approximately half of the variability in negative affect and NSSI thoughts is due to within-person variance (vs. between person-variance). Figure 3 illustrates the within-person variability of NSSI thoughts on an hourly basis for participants. Although self-efficacy to resist NSSI varied more between than within individuals, positive affect showed considerably more variation at the within-person level.


Table 2 | Descriptive and variability statistics of negative affect, positive affect, self-efficacy to resist NSSI, and NSSI thoughts and behaviors during 12-day experience sampling protocol.






Figure 3 | Times series plot of non-suicidal self-injurious thoughts during the 12-day assessment period. Values are person-mean centered (comparing each's participant's hourly level of non-suicidal self-injurious thoughts to that individual's overall average across time; dashed line). The colored lines represent three randomly selected participants to illustrate within-person variability on an hourly basis.





Contemporaneous Associations Between Affect, Self-Efficacy to Resist NSSI, and NSSI Thoughts (Objective 1a)

We first investigated how variables were contemporaneously associated within the same time frame after partialing out temporal associations (Table 3). In univariate analyses, negative affect was significantly positively associated with NSSI thoughts, whereas positive affect and self-efficacy to resist NSSI were each negatively associated with NSSI thoughts. After controlling for shared variance within a multivariate modeling framework, each factor remained significantly associated, although weaker, with NSSI thoughts. Together, these contemporaneous associations explained 41% of the within-person variance of NSSI thoughts in this sample.


Table 3 | Contemporaneous (moment-to-moment) associations between affective states, self-efficacy to resist NSSI, and non-suicidal self-injurious thoughts.





Fluctuations in Affective States and Self-Efficacy to Resist NSSI as Real-Time Predictors of NSSI Thoughts (Objective 1b)

We constructed temporal models to determine the utility of negative affect, positive affect, and self-efficacy to resist NSSI as predictors of short-term change in NSSI thoughts (Table 4). Higher-than-usual negative affect at t − 1 positively predicted NSSI thoughts at t, whereas higher-than-usual positive affect and self-efficacy to resist NSSI at t − 1 negatively predicted NSSI thoughts at t. In a next step, we evaluated the unique value of these factors in a multivariate prediction model that simultaneously included all cross-regressive parameters at t − 1. As can be seen in Table 4, higher-than-usual positive affect at t − 1 became non-significant in predicting short-term change in NSSI thoughts at t. Fluctuations in negative affect and self-efficacy to resist NSSI at t − 1 remained significantly predictive of short-term change in NSSI thoughts at t. Together, these temporal associations explained 18% of the variance of NSSI thoughts within persons, across time.


Table 4 | Temporal within-person associations between affective states, self-efficacy to resist NSSI, and non-suicidal self-injurious thoughts.





Fluctuations in Affective States and Self-Efficacy to Resist NSSI as Real-Time Predictors of NSSI Behavior (Objective 2)

To investigate the utility of fluctuations in affective states and self-efficacy to resist NSSI in predicting the occurrence of NSSI behavior beyond NSSI thoughts, we compared temporal models that included the autoregressive parameter of NSSI behavior to models that controlled the cross-regressive parameter of NSSI thoughts (Table 5). As expected, a very similar pattern of results as above was observed in models that included the lagged version of NSSI behavior. Higher-than-usual negative affect at t − 1 was significantly positively predictive of the occurrence of NSSI behavior, whereas higher-than-usual positive affect and self-efficacy to resist NSSI at t − 1 were significantly negatively predictive of NSSI behavior in the next time interval. However, when we controlled the cross-regressive parameter of NSSI thoughts at t − 1, fluctuations in negative affect and positive affect at t − 1 both became non-significant predictors of NSSI behavior at t. In contrast, higher-than-usual belief in one's ability to resist NSSI at t − 1 remained significantly predictive of a lower probability of NSSI behavior at t.


Table 5 | Temporal within-person associations between affective states, self-efficacy to resist NSSI, and non-suicidal self-injury.



Next, we evaluated whether specific emotions, rather than affective composite scores, hold incremental predictive value in predicting NSSI behavior (Table 6). All assessed negative emotions at t − 1 (except for feeling irritated) were predictive of NSSI behavior at t in models including the lagged version of NSSI behavior. However, when controlling the cross-regressive parameter of NSSI thoughts at t − 1, again, all negative emotions at t − 1 became non-significant in predicting NSSI behavior at t. Conversely, all assessed positive emotions at t − 1 were consistently negatively predictive of NSSI behavior at t in models including the lagged version of NSSI behavior at t − 1. However when controlling the cross-regressive parameter of NSSI thoughts at t − 1, the feeling “relaxed” at t − 1 remained negatively predictive of NSSI behavior at t.


Table 6 | Temporal within-person associations between specific emotions and non-suicidal self-injury.





Trait Affect, Self-Efficacy to Resist NSSI, and Anxiety and Depressive Symptoms as Predictors of NSSI Thoughts and NSSI Behaviors (Objective 3)

Finally, we examined the utility of baseline measures of trait affect, self-efficacy to resist NSSI, and past-week anxiety and depressive symptoms as between-person predictors of NSSI thoughts and NSSI behavior (Supplementary Materials). This revealed that individuals with lower mean scores on trait positive affect (β = −0.09, 95% CI = −0.16; −0.02) and higher mean scores on past week depressive symptoms (β = 0.11, 95% CI = 0.04; 0.18) reported higher mean levels of NSSI thoughts across the 12-day experience sampling protocol. Yet, only depressive symptoms uniquely predicted a higher mean level of NSSI thoughts across time (β = 0.11, 95% CI = 0.01; 0.22). In contrast, self-efficacy to resist NSSI at baseline was the only factor that significantly predicted engagement in NSSI behavior during the 12-day experience sampling protocol (β = −0.06, 95% CI = −0.15; −0.00).




Discussion

Obtaining a better understanding of the factors that determine when individuals at high risk are most likely to contemplate, or engage in, NSSI behavior represents a challenging but critical research frontier (35, 67). To this end, using smartphone-based assessment of young adults who frequently self-injure, the present study provides a preliminary investigation into the extent to which affective states and self-efficacy to resist NSSI are real-time predictors of NSSI thoughts and behaviors. To our knowledge, this is the first experience sampling study to differentiate between the process of experiencing NSSI thoughts and engaging in NSSI behavior. Results suggest that affective fluctuations (especially negative affect) may be more useful in predicting NSSI thoughts than behavior per se, and point to the role of cognitive factors (i.e., belief in one's ability to resist NSSI) in preventing NSSI behavior among people experiencing NSSI thoughts.

NSSI thoughts varied considerably across hours, illustrating the need for intensive monitoring to capture these fluctuations in daily life. The first aim of the study was to identify real-time factors that explain variability in NSSI thoughts. Consistent with previous work (40, 41, 48), higher-than-usual negative affect co-occurred with NSSI thoughts and uniquely predicted a stronger intensity of NSSI thoughts from one observation window to the next. The latter provides further evidence that increased negative affect is a robust short-term risk factor for NSSI thoughts. In contrast, while lower-than-usual positive affect was negatively associated with NSSI thoughts, this association did not transcend uniquely across time periods. There are two explanations for this: a) positive affect is only relevant in identifying NSSI thoughts as they occur, or b) positive affect also acts as a buffer against NSSI thoughts, but this protective effect occurs on a shorter timescale than the hourly scale used in this study. In line with the latter, we observed substantial within-person variability [intraclass correlation (ICC) = 0.33] in positive affect from hour to hour. However, future research with even greater temporal resolution is needed to rule out one of these explanations. Finally, we found evidence that individuals were less likely to consider NSSI when they had high momentary belief in their ability to resist NSSI, which, in turn, prospectively predicted a lower intensity of NSSI thoughts one hour later.

Importantly, associations between affective states and NSSI thoughts were considerably weaker in temporal than contemporaneous models. Although the temporal precedence of associations cannot be determined in contemporaneous models (i.e., whether affect changes NSSI thoughts, or vice versa), researchers have advocated that contemporaneous relationships, which represent a snapshot in time, may uncover fast-moving causal processes (54). Given the time frame of measurement in this study, this likely suggests that the connection between momentary affect and the manifestation of NSSI thoughts is a fast occurring process that operates within seconds and minutes rather than hours. Again, this implies that better understanding the time frame of these relationships represents an important avenue for future research, as this will provide unique insight into effects that may unfold across shorter and/or longer time intervals.

The second aim of the study was to evaluate the extent to which fluctuations in affective states and self-efficacy to resist NSSI predict NSSI behavior beyond the effect of NSSI thoughts. In line with previous work (39–41), we found that fluctuations in negative affect prospectively predicted NSSI behavior when NSSI thoughts were not accounted for. When accounting for NSSI thoughts, however, negative affect was no longer significantly predictive of NSSI behavior. Following an ideation-to-action framework (45–47), we do not believe this pattern of findings to indicate that negative affect is unimportant in the manifestation of NSSI behavior—indeed it leads people at high risk to more intensively contemplate engaging in NSSI—but only that it will not exert an additional effect beyond intensity of thoughts in determining whether someone will progress and engage in NSSI. We found similar findings for positive affect: higher-than usual positive affect was not uniquely predictive of a lower probability of engaging in NSSI behavior when taking into consideration NSSI thoughts. Further analyses showed similar findings for all but one emotion (i.e., feeling relaxed), which reflects—relative to feeling satisfied—an absence of arousal within the low positive valence quadrant (61, 68). Although caution is needed interpreting this finding, it suggests that focusing on the down-regulation of physiological hyper-arousal (69, 70), when thoughts of NSSI occur, may be one useful strategy to interrupt the transition to NSSI behavior. Taken together, these findings provide preliminary evidence that affective states may be unique real-time predictors of NSSI thoughts but not behavior.

If replicated, the implications are far-reaching as it would reflect the necessity of treating the development of thoughts and the subsequent transition from NSSI thoughts to behavior as separate processes that may come with separate sets of predictors. Making the distinction between NSSI thoughts/behaviors may not only be important from a theoretical, but also from a clinical viewpoint. Researchers observed that it typically takes people who self-injure between 1 and 30 minutes to transition from thoughts to behavior (42, 71). This implies that, in most instances, there will be a brief window of opportunity to intervene and interrupt the transition to behavioral action. Ecological momentary interventions using mobile devices might have particular merit in this context (22, 72, 73), as these can be delivered when people report experiencing NSSI thoughts, and facilitate relapse prevention techniques. In line with the Cognitive-Emotional Model of NSSI (23), we found evidence that low self-efficacy to resist NSSI may be particularly relevant in identifying high-risk situations among people experiencing NSSI thoughts.

The third aim of the study was to investigate population-level predictors at the between-person level. In line with findings in suicide research (47, 49, 50) and the Cognitive-Emotional Model of NSSI (23), people with higher levels of depressive symptoms at baseline reported more intense thoughts over the course of the study, but only low self-efficacy to resist NSSI in the next two weeks explained who, in our student sample, engaged in NSSI. This is consistent with the concept of capability for suicide (74), which specifies that a person must hold beliefs about their ability to self-injure (i.e., low self-efficacy to resist) in order to act on self-injurious thoughts. In sum, these findings provide novel evidence for the clinical utility of NSSI-related cognitions in determining relative risk of future NSSI behavior, and suggest that boosting self-efficacy to resist NSSI might be an important step in equipping people who self-injure with the confidence to handle high risk aversive emotional situations in everyday life.


Limitations and Future Research Directions

Several limitations should be considered in interpreting the findings of this study. First, and foremost, as this sample comprised 30 (mostly female) young adults, replication is warranted in larger samples including more males. Second, and relatedly, the generalizability of the findings to clinical samples is unclear and should be studied. It might be that clinical samples show stronger temporal relationships between affective states and NSSI thoughts and behaviors. The current findings should, therefore, be considered as preliminary. In fact, a major future research avenue will be to allow subject-specific effects (for which the current sample was too small) to clarify how these within-person relationships differ between people, as a function of person-level features, such as diagnostic status, gender, personality traits, and experienced life events. Third, all participants within the sample had already engaged in NSSI. This is in contrast to the majority of ideation-to-action research on suicidal thoughts and behaviors, where ideation is considered only in the absence of behavior and separate groups of individuals with ideation and those with behavior are compared. It is possible that factors predicting NSSI thoughts may differ between individuals who have and have not already engaged in NSSI behavior. Contemporary ideation-to-action models of suicide have not explicitly considered factors associated with ideation among individuals who have already engaged in suicidal behavior (45, 46, 74, 75). Consequently, a fruitful direction for future research could be to compare ideation-to-action pathways between those who have and have not already engaged in NSSI. Fourth, while the experience sampling protocol we implemented is among the most longitudinally intensive studies conducted thus far (assessments every 90 minutes), this did not allow us to track dynamic processes that happen in the moments that lead up to NSSI. To address this shortcoming, future experience sampling studies could incorporate burst assessments (i.e., multiple beeps over shorter time periods) when individuals report NSSI thoughts. Given that NSSI typically occurs within a narrow time frame following NSSI thoughts (42, 71), such studies would also provide a unique opportunity to clarify the immediate affective-cognitive consequences of engaging in NSSI.

Fifth, although experience sampling reduces recall bias, it still relies on self-report and the ability of participants to accurately describe their thoughts, feelings, and behaviors. Future studies may want to investigate if incorporating wearable devices that detect information about people's movement and activity and psychophysiology (e.g., electro-dermal activity and heartrate variability) could augment the short-term prediction of NSSI thoughts and behavior beyond self-report. Use of wearable technology for these purposes is already emerging in suicide research (76, 77). Sixth, although overall compliance was high, considering the intensive sampling protocol, on average participants failed to respond to one in five prompts, and it is unclear to what extent this may have impacted the results. Finally, to reduce participant burden, we decided to operationalize NSSI thoughts using a single item similar to previous studies (42). Building upon these findings, future studies may want to evaluate different qualitative aspects relating to NSSI thoughts [i.e., intensity, duration, controllability; (71, 78)], and explore whether meaningful patterns can be identified in relationship to risk for NSSI behavior. In suicide research, for instance, scholars have identified different phenotypes of suicidal thinking, and were able to associate a thought profile characterized by severe persistent suicidal thoughts to a recent suicide attempt (79).




Conclusion

The present study provides novel evidence that affective fluctuations may be more central to the prediction of NSSI thoughts than NSSI behavior, and suggests that perceiving oneself to be able to resist NSSI, might be key in determining risk of NSSI behavior among people experiencing NSSI thoughts. We believe these findings illustrate the merit of carefully delineating between the processes of developing thoughts and making the transition to behavior, and we hope it encourages researchers to further investigate the relative importance of momentary factors for the different stages towards engagement in NSSI.
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In healthy individuals, stimuli associated with injury (such as those depicting blood or wounds) tend to evoke negative responses on both self-report and psychophysiological measures. Such an instinctive aversion makes sense from an evolutionary perspective. However, to engage in nonsuicidal self-injury (NSSI), this natural barrier must be overcome. The Benefits and Barriers model of NSSI predicts that people who engage in NSSI will show diminished aversion to NSSI-related stimuli compared to controls who do not engage in NSSI. We tested this hypothesis in a pilot study assessing 30 adults, 15 of whom reported current skin cutting and 15 of whom had no history of NSSI. Functional magnetic resonance imaging (fMRI) data were collected while participants viewed neutral, positive, and negative images selected from the International Affective Picture System. Participants also viewed NSSI images depicting razors, scalpels, or wounds caused by cutting. Compared to healthy control (HC) participants, the NSSI group showed decreased amygdala and increased cingulate cortex (CC) and orbitofrontal cortex (OFC) activation to NSSI and negative images. They also showed increased amygdalar and OFC activation to positive images. Neither the control group nor the NSSI group demonstrated significant activation within regions more typically associated with reward during any of the conditions; however, positive and negative affect ratings collected throughout the course of the task suggested that none of the affective conditions were viewed as rewarding. Although preliminary, these findings are suggestive of reduced limbic and greater cortical processing of NSSI stimuli in those with a history of this behavior. This has potentially important implications for current models of NSSI as well as for its treatment.
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Introduction

Most people have an aversion to the sight of blood and wounds (1, 2). The same is true for objects that threaten physical integrity such as knives, razors, scalpels, and pieces of broken glass. However, to engage in nonsuicidal self-injury (NSSI), this natural aversion must be overcome. NSSI involves deliberate self-inflicted injury to body tissue in the absence of any clear wish to die (3). A common form of NSSI is skin cutting (4). Knives, razors, glass, and other sharp objects are often used for this purpose.

The Benefits and Barriers model of NSSI developed by Hooley and Franklin (5) proposes that engaging in NSSI provides benefits. A major benefit is improved mood. NSSI tends to be used as an emotion regulation strategy (6, 7) and people who engage in NSSI report that it makes them feel better. Notably, NSSI is associated with a reduction in negative mood and an increase in positive mood (8, 9). In other words, both positive and negative reinforcements appear to play a role. Mood improvement can occur while experiencing pain [see (10, 11)] or following the termination of pain [pain offset relief; [see (10, 12)].

The Benefits and Barriers model also highlights several barriers to engagement in NSSI. A key barrier is aversion to NSSI type stimuli. As noted above, to engage in NSSI, any aversion to the sight of blood, wounds, razor blades, or similar must be overcome. The greater the aversion is, the less likely the behavior is to begin or to become instantiated. Correspondingly, a reduction in the instinctive avoidance of these stimuli has the potential to increase risk of NSSI engagement.

As NSSI is followed by emotional relief or mood improvement, stimuli such as knives or razors that are used in self injury are likely, over time, to become associated with well-being. This would be expected to occur in an automatic manner via the process of classical conditioning and would not require any formal or explicit learning. Repeated exposure to NSSI stimuli might also be expected to lead to diminished aversion to these stimuli over time through the simple process of habituation. Consistent with these ideas, research suggests that people who engage in NSSI report finding self-injury related stimuli less aversive than people who do not engage in NSSI. This is true for both explicit (13) as well as implicit measures (14, 15). Moreover, the greater their lifetime engagement in NSSI, the less aversive participants rate NSSI stimuli as being (14).

Two studies have also shown that diminished aversion to NSSI stimuli predicts future NSSI frequency in the near term (16, 17). Moreover, compared to controls who do not engage in NSSI, people who engage in NSSI demonstrate fewer difficulties inhibiting their behavior on a stop signal task in the context of exposure to NSSI stimuli (18). Indeed, relative to controls, their ability to halt the execution of an already intended action was enhanced after viewing a NSSI-related image, even though their overall performance (i.e., after viewing other types of emotional images) was worse. This again supports the idea that people who engage in NSSI are processing NSSI images in a manner that is different in some way and that they may be less perturbed by such images relative to controls.

Much remains to be learned about the neurobiology of NSSI behavior. Neuroimaging studies are often conducted using participants diagnosed with borderline personality disorder, making it difficult to isolate factors that may be specific to NSSI in other contexts. Given the brain changes that occur during adolescence, it is also likely that findings from samples of youth engaging in NSSI may yield different results from studies involving adult samples. However, there is some evidence that during emotional, social, and reward processing, individuals who engage in NSSI behaviors exhibit enhanced activation in frontal regions, including the cingulate cortex (CC), orbitofrontal cortex (OFC), and additional regions within the prefrontal cortex (19–23) as well as increased CC activation during a task of cognitive control (24). Anomalies in amygdalar circuitry have also been identified in female adolescents with a history of NSSI (25). In addition, there is preliminary evidence that pain—either caused by a thermal (heat) stimulus or from creating an experimenter-induced incision wound—may decrease amygdala activation and also normalize functional connectivity within key frontal areas (26, 27). This is consistent with the idea that NSSI may help regulate arousal and relieve stress in these individuals.

In the current pilot investigation, we used a region of interest approach to examine patterns of brain activation in people who engage in NSSI and in control participants who do not during exposure to a range of affective images. Given that studies have demonstrated altered activation in several ROIs in those who engage in NSSI behavior, we planned to examine three ROIs critical for processing emotion: the amygdala, CC, and OFC. Additionally, as there is evidence that NSSI is associated with improvement of mood in those who engage in this behavior, we planned to examine two ROIs typically associated with reward processing: the nucleus accumbens (NAcc) and ventral tegmental area (VTA). Images were drawn from the International Affective Picture System, (IAPS; 28). Some images depicted neutral scenes; others were more positive or more negative in nature. Importantly, we also included NSSI related images that depicted razors, scalpels, wounds, and blood.

We hypothesized that exposure to NSSI stimuli would be associated with lower levels of activation within the amygdala in participants who engage in NSSI behaviors compared to HCs. This prediction was made based on the idea that increased familiarity with NSSI would reduce aversion to NSSI related stimuli (5, 14) as well as on Reitz et al.'s findings (27) linking incisions (and perhaps therefore also images of incisions) to decreased amygdala activity. We also predicted increased activation in both CC and OFC during exposure to NSSI images. Increased CC activation during emotion processing has been noted in BPD patients (29) and in adolescent patients who engage in NSSI (22). The OFC is implicated in the subjective valuation of rewards and is considered to be a key region for the integration of sensory, hedonic and emotional information (30). Vega and colleagues (23) have also reported enhanced activation of the OFC in the context of reward in BPD patients with NSSI but not in BPD patients without NSSI. Our inclusion of other reward processing areas (NAcc and VTA) was more exploratory. Although NSSI is followed by affective benefits (5), people who engage in NSSI do not classify NSSI images as explicitly positive stimuli (18). Poon and colleagues (31) also found no association between thoughts of NSSI and altered reward processing in NAcc in adolescents. Therefore, we did not have any directional hypotheses regarding fMRI activation during exposure to NSSI stimuli in the NAcc and VTA.



Materials and Methods


Participants

Thirty community residents aged between 18 and 31 years of age (M=22.03, SD=3.51) were recruited from the Greater Boston area by means of online and posted advertisements. Only right-handed female participants were recruited in order to maximize homogeneity of the sample and because our NSSI images involved skin-cutting, which is more prevalent in females (32). Fifteen participants reported current engagement in NSSI by means of skin-cutting (≥10 lifetime episodes). The remaining 15 women were healthy control (HC) participants with no history of NSSI and no current psychiatric diagnosis. All participants completed the Wechsler Abbreviated Scale of Intelligence [WASI: (33)] to ensure that the groups were comparable with respect to general intelligence. Participants for this study are the same as those reported in Dahlgren et al. (24).

Exclusion criteria included head injury with loss of consciousness (≥10 min); any history of medical illness affecting cognition; neurological disorders; being a nonnative English speaker (required for the assessments), as well as MRI-related contraindications (e.g., metal implants, claustrophobia). From a total of 20 potentially eligible controls and 17 potentially eligible NSSI participants, 7 participants were excluded as they failed to respond to scheduling calls (n=3), declined to participate (n=1) or reported significant marijuana use during the study visit (n=3) and were therefore ineligible. Prior to participation, all study procedures were fully explained and participants provided signed informed consent in accordance with the Declaration of Helsinki. The study was approved by the Harvard University Committee on the Use of Human Subjects and the McLean Hospital Institutional Review Board.



Diagnostic Assessments

Diagnostic information was obtained from all participants using the Structured Clinical Interview for DSM-IV Disorders I (34) & II (35). Control participants were excluded if they met criteria for any current diagnosis. Within the NSSI group, the most prevalent DSM disorders were borderline personality disorder (n=13; 86.67%), mood disorders (n=12; 80.00%) and anxiety disorders (n=8; 53.33%). One participant met criteria for an eating disorder (6.67%), and one participant met criteria for past alcohol dependence (6.67%). A history of at least one suicide attempt was reported by 4 of the NSSI participants (26.67%).

NSSI participants were also interviewed using the NSSI section of the Self-Injurious Thoughts and Behaviors Interview [SITBI 2.1; (36)]. The SITBI is a structured clinical interview that assesses the presence, age of onset, frequency, and other characteristics of self-injurious thoughts and behaviors. The SITBI shows strong interrater reliability (average κ =.99), high test-retest reliability over a six-month period (average κ =.70), and good concurrent validity as demonstrated by strong associations between the SITBI and other measures of NSSI [average κ =.87; see (36)]. All participants completed a battery of clinical rating scales to assess mood, emotional reactivity, and impulsivity.



Clinical State Assessments

Clinical state and mood were evaluated using several standard self-report measurements. The State-Trait Anxiety Inventory [STAI; (37)] measures current anxiety levels (state) and general anxiety level (trait). The Beck Depression Inventory [BDI-2; (38)] provides a rating of overall depression. The Mood and Anxiety Symptoms Questionnaire [MASQ; (39)] reflects general distress from depression and anxiety-based symptoms and provides assessment of anxious arousal and anhedonic depression. The Positive and Negative Affect Schedule [PANAS; (40)] assesses positive affect associated with pleasurable engagement and negative affect associated with arousing aversive states. The Profile of Mood States [POMS; (41)] measures current mood state for the individual domains of vigor, anger, confusion, tension, and depression, and yields a composite measure of total mood disturbance.

Additionally, all participants completed two self-report measures of emotion regulation. The White Bear Suppression Inventory [WBSI; (42)] measures thought suppression, which is related to obsessive thinking and negative affect. The Emotion Reactivity Scale [ERS; (43)] assesses how emotions are experienced at the levels of sensitivity, arousal/intensity, and persistence.

Impulsivity was assessed using the UPPS Impulsive Behavior Scale [UPPS; (44)], a self-report measure of impulsivity comprised of four subscales: lack of premeditation, lack of perseverance, urgency (both negative and positive), and sensation seeking. Finally, as noted earlier, all participants completed the WASI (33), a measure of general intelligence (IQ).



Affective Picture Task

Participants viewed a total of 48 stimulus images. The stimulus set consisted of 12 of the following picture types: neutral, positive, negative (non-NSSI), and NSSI. The positive, negative, and neutral images were selected from the IAPS (28), and were matched for arousal based on normative ratings. Across valence type (positive, negative, and neutral), images were selected that had average normative arousal ratings within the “not arousing and not unarousing” range. The NSSI picture set was developed by the first and third author. Five of the NSSI images depicted an individual pressing into her wrist a tool commonly used for NSSI (e.g., a razor, scissors, knife, etc.). The other five images showed a bleeding arm following cutting. These images varied in the number and severity of cuts, as well as in the resulting quantity of blood shown. They were obtained through an online Google image search for terms such as “NSSI,” “cutting,” and “self-injury.” Each picture's owner granted permission for her picture to be used in the study.

All images were presented to participants during an fMRI paradigm consisting of four affective conditions (subtests) completed in the following order: neutral, NSSI, negative, and positive. The total run time of each subtest was 2 min and 30 s and was comprised of 30 s fixation blocks (F), in which participants viewed a static, plus (+) sign on the screen, interleaved with 30 s stimuli presentation blocks (S) and presented in the following order: F,S,F,S,F. During each 30 s stimuli presentation block, six images were presented to participants for 4.5 s with a fixed 0.5 s interstimulus interval for a total of 12 images presented during each subtest. Images were presented randomly without replacement. To ensure that participants were actively engaged in the task, they were instructed to press a button as quickly as possible after each new image appeared on the screen; data on response time (ms) and omission errors were recorded. Participants also completed the PANAS immediately before the task as well as after each affective condition subtest to assess mood state changes occurring over the course of the task.



Statistical Methods and Analyses

Univariate analyses of variance (ANOVAs) were used to compare the two groups on demographic and clinical variables. Two-tailed analyses were used to compare the demographic data, but since the NSSI group was expected to have more severe clinical symptomatology than the HC group, one-tailed analyses were used to assess between-group differences in clinical state, mood, emotion reactivity, and impulsivity.

To assess performance on the affective picture task, 2 × 4 mixed-model ANOVAs (two-tailed) were performed on response time and omission error data. For these analyses, we were interested in assessing the main effects of Diagnostic Group (HC and NSSI) and Affective Condition (Neutral, NSSI, Negative, and Positive) as well as the Group × Condition interaction. Additionally, 2 × 5 mixed-model ANOVAs (two-tailed) were performed in order to assess changes in clinical state as measured by the PANAS over the course of the task. For these ANOVAs, the repeated-measures factor Affective Condition included a baseline PANAS obtained before the task began. All mixed-model ANOVAs were subjected to Greenhouse-Geisser corrections when the assumption of sphericity was violated. Furthermore, when the omnibus, mixed-model ANOVAs indicated a significant main effect of Affective Condition and/or a Group × Condition interaction, post hoc repeated-measures ANOVAs were performed for each individual diagnostic group in order to assess changes in Affective Condition over time within each group; these post hoc assessments included Least Significant Difference (LSD) pairwise comparisons of each Affective Condition to baseline PANAS score.



Imaging Methods

Imaging was performed on a Siemens Trio whole body 3T MRI scanner (Siemens Corporation, Erlangen, Germany) using a quadrature RF head coil; 40 contiguous coronal slices were acquired, providing whole brain coverage (5 mm, 0 mm skip). Images were collected using a single shot, gradient pulse echo sequence (TR=3,000 ms, TE=30 ms, flip angle=90, FOV=20 cm, 64 × 64 acquisition matrix, plane resolution 3.125 mm3 × 3.125 mm3 ×3.125 mm3); 50 images per slice were collected.

Functional MRI images were analyzed using Statistical Parametric Mapping (SPM8, version 4290, Wellcome Department of Imaging Neuroscience, University College, London, UK) software package running in Matlab (version R2010b, MathWorks, Natick, MA, USA). First, blood oxygen level dependent (BOLD) fMRI data were corrected for motion using a two-step, intra-run realignment algorithm, which used the mean image created after the first realignment as a reference (≥3 mm of translational or rotational motion was exclusionary, but no participants exceeded this movement threshold). Realigned images were then normalized in Montreal Neurological Institute (MNI) stereotactic space, resampled into 2 mm3 voxels, and spatially smoothed using an isotropic Gaussian kernel (8 mm full width at half maximum) without global scaling. High-pass temporal filtering (cutoff=128 s) was applied, and serial autocorrelations were modeled with SPM8's AR(1) model.

A first-level fixed-effect model was constructed for each participant in which image condition effects at each voxel were calculated using a t-statistic, producing a statistical image contrast for each of the four picture conditions (neutral, NSSI, negative, positive) with the fixation period subtracted. Movement parameters from the realignment stage were entered as covariates in order to control for participant movement. A general linear model (GLM) was conducted on the t-contrast images generated in the previous single-subject analyses. These second level analyses were conducted using a 2 (diagnostic group) × 4 (picture condition) factorial design. The GLM analyses were conducted using a priori region-of-interest (ROI) bilateral masks created using the Wake Forest University PickAtlas utility (45) for the amydala, CC, OFC, NAcc, and VTA. The statistical threshold was set at uncorrected p ≤ 0.05 and a minimum cluster extent k≥5 contiguous voxels. Post hoc analyses with independent t-tests were performed within SPM in ROI clusters showing a significant diagnostic group × image condition interaction in each ANOVA. To control for multiple comparisons, we used a Bonferroni-corrected voxelwise threshold (p < 0.015) for these post hoc tests.




Results


Demographic and Clinical Variables

Detailed demographic and clinical information (including subscale data) for the HC and NSSI groups are available elsewhere [see (24)]. Table 1 provides the means for the measures overall. The NSSI and HC groups were well matched for age, and although a trend emerged for the HC group to have slightly more years of education than the NSSI group (p=.063), IQ was not significantly different between the groups. With regard to NSSI exposure, the NSSI group reported an average of 6.00 years (SD=3.91) of engaging in NSSI behaviors, 124.09 (SD=118.74) lifetime NSSI episodes, and 1.07 (SD=1.59) NSSI episodes within the past week. Clinical state and mood assessments indicated that the NSSI group had greater severity of clinical symptomatology and mood disturbance relative to the HC group across all rating scales. Similarly, the NSSI group endorsed poorer emotion regulation on the WBSI and ERS compared to the HC group. Additionally, the NSSI group reported significantly higher levels of impulsivity on the UPPS relative to the HC group.


Table 1 | Demographic and clinical characteristics of healthy control (HC) and nonsuicidal self-injury (NSSI) participants.





Response Times

Between-group comparisons examining performance on the affective picture task (Table 2), indicated that both the HC and NSSI groups had similar response times [F(1,27)=0.67, p=.42] and omission errors [F(1,27)=1.08, p=.31]. Additionally, repeated-measures comparisons indicated similar response times [F(1.34,36.14)=0.19, p=.73] and omission errors [F(3,81)=0.67, p=.57] across all affective conditions. There were no significant Group × Condition interactions for either response time [F(1.34,36.14)=0.17, p=.75] or omission errors [F(3,81)=1.34, p=.27].


Table 2 | Affective picture task performance.





Mood State Changes

Mixed-model ANOVAs assessing changes in PANAS scores across the different Affective Conditions indicated significant between-group differences with the HC group reporting higher overall positive affect [F(1,28)=15.14, p < .01] and lower overall negative affect [F(1,28)=10.80, p < .01] relative to the NSSI group (Figure 1). Additionally, as would be expected given that participants were viewing different types of images, mood state varied significantly across the affective conditions for ratings of positive [F(2.57,71.87)=7.20, p < .01] and negative mood [F(2.38,66.77)=13.26, p < .01]. Of note, there was a significant Group × Condition interaction for negative [F(2.38,66.77)=3.31, p=.04], but not for positive mood [F(2.57,71.87)=0.30, p=.80]. Whereas the groups reported similar changes in positive mood over time, the HC and NSSI groups reported different levels of negative mood across the affective conditions. Post hoc LSD pairwise comparisons indicated participants in both groups reported significant decreases in positive affect after viewing negative images (Figure 1A) and significant increases in negative affect after viewing NSSI images (Figure 1B) relative to baseline. However, the NSSI group had significantly higher negative mood ratings after viewing negative images relative to pretask baseline; no such changes were noted in the HC group.




Figure 1 | Line graphs illustrating the changes in positive (A) and negative affect (B) as measured by the Positive and Negative Affect Schedule (PANAS) during each Affective Condition of the Affective Picture Task (Baseline, Neutral, NSSI, Negative, and Positive). The main effect and interaction results from the mixed-model (2x5) ANOVAs are listed at the bottom of each graph. The results from the post hoc Least Significant Difference (LSD) pairwise comparisons of each Affective Condition relative to the Baseline Condition are noted within the graph (*p ≤ 0.05; **p ≤ 0.01).





Functional Neuroimaging

Both the HC and NSSI groups demonstrated significant activation during the affective picture task within ROIs associated with emotion regulation (amygdala, CC, and OFC); however, neither group demonstrated significant activation within ROIs associated with reward circuitry (NAcc and VTA) during any of the affective conditions.

Within the amygdala ROI (Table 3), overall group averages indicated that the HC group demonstrated significant activation while viewing neutral (k=70), NSSI (k=47), negative (k=90) and positive (k=5) images. The NSSI group demonstrated significant amygdalar activation while viewing NSSI (k=40), negative (k=7), and positive (k=19), images; however, no significant amygdalar activation was detected while viewing neutral images. Post hoc between group comparisons (Figure 2; for glass brain images see Supplemental Figure 1) indicated that the HC group had significantly greater right amygdalar activation while viewing NSSI images (k=6) and greater bilateral amygdalar activation while viewing negative images (k=39) relative to the NSSI group. Conversely, the NSSI group had significantly greater bilateral amygdalar activation while viewing positive images (k=19) relative to the HC group. The HC and NSSI groups did not significantly differ on amygdalar activation while viewing neutral images.


Table 3 | Affective picture task local maxima fMRI activation: Amygdala region of interest.






Figure 2 | Functional MRI images demonstrating between-groups differences in activation within the amygdala region of interest during the Neutral, NSSI, Negative, and Positive Conditions of the Affective Picture Task. The two between-group comparisons are the healthy control (HC) greater than nonsuicidal self injury (NSSI) contrast (A) and the NSSI greater than HC contrast (B). The slice images presented are from the coordinates of the most significant activation cluster for each contrast. The significant threshold was set at uncorrected p ≤ 0.05 and a minimum cluster extent k ≥ 5 contiguous voxels.



Within the CC ROI (Table 4), overall group averages indicated that the HC group demonstrated significant activation while viewing neutral (k=121) and NSSI (k=34) images but not while viewing negative or positive images. The NSSI group demonstrated significant CC activation while viewing neutral (k=9), NSSI (k=111) negative (k=28), and positive (k=12) images. Post hoc between group comparisons (Figure 3; for glass brain images see Supplemental Figure 2) indicated that the HC group had significantly greater right dorsal anterior CC activation while viewing neutral images (k=34) relative to the NSSI group. Conversely, the NSSI group had significantly greater bilateral CC activation while viewing NSSI images (k=45) and greater left dorsal anterior CC activation while viewing negative images (k=9) relative to the HC group. No differences were detected between the HC and NSSI groups while viewing positive images.


Table 4 | Affective picture task local maxima fMRI activation: Cingulate cortex region of interest.






Figure 3 | Functional MRI images demonstrating between-group differences in activation within the cingulate cortex (CC) region of interest during the Neutral, NSSI, Negative, and Positive Conditions of the Affective Picture Task. The two between-group comparisons are the healthy control (HC) greater than nonsuicidal self injury (NSSI) contrast (A) and the NSSI greater than HC contrast (B). The slice images presented are from the coordinates of the most significant activation cluster for each contrast. The significant threshold was set at uncorrected p ≤ 0.05 and a minimum cluster extent k ≥ 5 contiguous voxels.



Within the OFC ROI (Table 5), overall group averages indicated that both the HC and NSSI groups demonstrated significant activation while viewing all images but differed with regard to the magnitude of activation per condition: OFC activation for the HC group during neutral (k=90), NSSI (k=240), negative (k=307) and positive (k=21) images contrasted with the activation for the NSSI group during neutral (k=42), NSSI (k=458), negative (k=498) and positive (k=205) images. Post hoc between group comparisons (Figure 4; for glass brain images Supplemental Figure 3) indicated that the HC group had significantly greater left ventral OFC activation for neutral images (k=7), bilateral OFC and right anterior prefrontal cortex activation (k=43) for NSSI images, bilateral ventral OFC activation for negative images (k=50), and right ventral OFC activation for positive images (k=15) relative to the NSSI group. The NSSI group had significantly greater bilateral OFC and right anterior prefrontal cortex activation for NSSI images (k=169), bilateral OFC and left prefrontal cortex activation for negative images (k=94), and bilateral ventral OFC and right anterior prefrontal cortex activation for positive images (k=33) relative to the HC group.


Table 5 | Affective picture task local maxima fMRI activation: Orbitofrontal cortex region of interest.






Figure 4 | Functional MRI images demonstrating between-group differences in activation within the orbitofrontal cortex (OFC) region of interest during the Neutral, NSSI, Negative, and Positive Conditions of the Affective Picture Task. The two between-group comparisons are the healthy control (HC) greater than nonsuicidal self- injury (NSSI) contrast (A) and the NSSI greater than HC contrast (B). The slice images presented are from the coordinates of the most significant activation cluster for each contrast. The significant threshold was set at uncorrected p ≤ 0.05 and a minimum cluster extent k ≥ 5 contiguous voxels.



The GLM analyses described above were conducted using a priori ROI masks with the significance threshold set at uncorrected p ≤ 0.05 and a minimum cluster extent k≥5 contiguous voxels; post hoc independent t-tests were performed in SPM using Bonferroni-corrected voxel-wise threshold of p < 0.015. We also repeated all fMRI analyses using a moderate significance threshold (p ≤ 0.01 and a minimum cluster extent k≥10 contiguous voxels) and conservative significance threshold (p ≤ 0.001 and a minimum cluster extent k≥10 contiguous voxels). Analyses using the moderate significance threshold demonstrated increased amygdala activation in the HC group (k=13) relative to the NSSI group (k=0) when viewing negative images (Supplemental Table 1); there were no significant differences between the groups in the CC (Supplemental Table 2) or the OFC (Supplemental Table 3) ROIs. Analyses using the conservative significance threshold did not reveal any significant activation in any of the ROIs suggesting that this threshold may be too conservative for a pilot study with a reduced sample size.




Discussion

In this pilot investigation, individuals who engage in NSSI behavior exhibited altered activation of emotion processing and regulation circuitry when viewing affective images relative to HC participants. Specifically, the HC group exhibited greater amygdalar activation in response to NSSI and negative images compared to the NSSI group, who demonstrated greater amygdalar activation in response to positive images. Interestingly, an opposite pattern of brain activation was observed within the CC ROI, with the NSSI group exhibiting greater activation during NSSI and negative images relative to the HC group. Additionally, within the OFC ROI, both the HC and NSSI groups demonstrated increased activation during NSSI, negative, and positive images; however, the NSSI group always exhibited a greater magnitude of activation differences relative to the HC group. These results suggest that individuals who engage in NSSI behaviors utilize different areas of emotion regulation circuitry relative to HCs, with decreased amygdalar and increased CC and OFC activation during the processing of more aversive stimuli (NSSI and negative images) and increased amygdalar and OFC activation during positive stimuli.

Neither the NSSI nor the HC group demonstrated significant activation within regions typically associated with reward during any of the affective conditions. However, the IAPS images used in the affective picture task were specifically selected because they had average normative arousal ratings. For this reason, even the positive images may not have provided enough of a reward to sufficiently activate the NAcc and VTA ROIs within the reward circuitry. It was also the case that ratings of positive affect collected throughout the affective picture task remained primarily stable across the affective conditions relative to baseline. One exception to this was the significant decrease in positive affect observed in both the HC and NSSI groups after participants viewed negative images.

Importantly, behavioral data and clinical ratings collected during the task indicated that all participants were actively engaged in the task. Ratings of positive and negative affect changed throughout the course of the task in concordance with the type of affective stimuli presented. The NSSI group did report lower positive and higher negative affect than the HC group overall as well as greater increased negative affect after the NSSI and negative image affective conditions. However, this was expected given the higher levels of clinical symptoms reported by the NSSI group.

Although other explanations are possible, the lower amygdalar activation in response to NSSI images in the NSSI group participants is consistent with the idea of diminished aversion. On average, the NSSI participants had been engaging in NSSI behaviors for 6 years and had high levels of lifetime NSSI episodes as well as recent engagement (past month, past week) in NSSI behaviors. In contrast, our HC participants with no past history of self-injurious behavior responded to the NSSI images with significantly greater amygdalar activation. It also warrants mention that both groups of participants experienced a significant increase in negative affect while viewing the NSSI images. These findings suggest that, consistent with Allen and Hooley (18), NSSI images are experienced in a negative way; they are not explicitly interpreted as positive stimuli. However, to the extent that amygdala activation can be viewed as an indicator of threat or salience, our finding suggests, at the neurobiological level, that NSSI images are less emotionally aversive to people with NSSI histories. This may be because such individuals are more habituated to images of scalpels, razors, or cut wrists. Alternatively, the emotional relief that results from NSSI may, via a conditioning process, have changed the “meaning” or salience of NSSI stimuli in important ways, and the increased CC and OFC activity in NSSI participants during exposure to NSSI images may reflect this. Further, the similar amygdalar response of the NSSI participants to negative images as well as to NSSI images may also be indicative of a diminished aversion to unpleasant stimuli more broadly. It is possible, however, that since the negative affective condition images were always viewed after the NSSI images, some priming or carry over effects from the NSSI stimuli may have been present. Future studies would do well to vary to order of presentation of the affective stimuli to investigate these possibilities. The order of presentation of the different conditions in the current study was designed with human subjects' concerns in mind. Presenting positive images in the final block allowed participants to leave the study in a more positive and less negative mood than might otherwise be the case.

Despite the mood benefits that result from self-injurious behaviors and from pain, we found little evidence of increased activation in reward processing areas when people who engage in NSSI view NSSI images. Positive mood did not increase and no significant activation was detected within the NAcc or VTA in either participant group. We did, however, find increased activation in the OFC within the NSSI participants in the context of viewing NSSI images. To the extent that the OFC is implicated in coding reward representations (46, 47) this finding supports the idea that NSSI stimuli may have a different and perhaps more nuanced meaning for people who engage in NSSI versus those who do not. More research is needed to further explore this issue in those who engage in NSSI.

Although intriguing, study findings must be considered in light of several limitations. The current study was a pilot investigation with a relatively modest sample size (N=30). Although a modest sample size is not unusual for preliminary studies of this type, we were aware of the resulting loss of statistical power. We therefore adopted an ROI approach to reduce the number of statistical tests and decrease the likelihood of Type 1 error. In parallel with this we utilized more liberal significance thresholds in our fMRI analyses to decrease the likelihood of Type II errors. When we repeated the fMRI analyses using a moderate significance threshold there was evidence of decreased amygdala activation in the NSSI group relative to the HC group when viewing negative images. There were no group differences in any of the ROIs when a conservative significance threshold was used. This threshold may be too conservative for a pilot study with a reduced sample size.

Given the modest sample size of this pilot investigation, it is important to emphasize the exploratory nature of the findings and underscore the need for replication in a larger sample. Conservative statistical thresholds of p≤.001 reduce the likelihood of Type I errors and lower false discovery rates [e.g., (48, 49)]. Yet utilizing more conservative thresholds when the sample size is small greatly increases the likelihood of Type II errors. Power analyses of the current results (p ≤ 0.05; k≥5) indicated that we would need to at least double our current sample size to a minimum of 30 participants per group (N≥60) in order to observe the same effect sizes at the more conservative statistical threshold (p ≤ 0.001; k≥10). In fact, some researchers have suggested that fMRI studies with fewer than 50 participants per group have limited statistical power [e.g., (50)]. Sample sizes of that magnitude are clearly not pilot or exploratory investigations, and with the considerable expense of neuroimaging, are cost prohibitive for most researchers. This preliminary work suggests that examining how people who engage in NSSI process NSSI images may be a productive avenue of inquiry for future research efforts.

Additionally, the current study focused on NSSI imagery involving skin-cutting, which is more prevalent in females (32), and in order to maximize homogeneity of our sample, only adult females were recruited. The majority also had comorbid BPD and depression as well as other disorders in several cases. Therefore, our results may not generalize to other forms of NSSI, mixed-sex samples, or individuals without comorbid diagnoses. Given that Plener et al. (22) have reported amygdala hyperactivation to emotional images in a small sample of adolescent females with NSSI (compared to adolescent females with no history of NSSI) it will also be important to examine how variables such as age and years of NSSI engagement play a role. Poon and colleagues (31) have suggested that repeated engagement in NSSI may alter reward circuitry and dampen emotional sensitivity and reactivity. To the extent that this is the case, careful attention to the characteristics of the sample being studied is of considerable importance. A strength of the current study is that our NSSI group was well-characterized with an extensive history of NSSI behavior (M=6.00 years) as well as acute symptomatology (M=1.07 NSSI episodes in the past week). However, future studies should examine NSSI behavior longitudinally from first NSSI episode, documenting how these behaviors develop and change over time.

Although preliminary, the finding of decreased amygdalar activation to NSSI images in people with significant NSSI engagement relative to HCs with no NSSI history is suggestive of a diminished aversion to NSSI stimuli that is more implicit than explicit. Implicit aversion to NSSI images has been demonstrated in behavioral studies (14) but not, to date, in a neuroimaging study. Importantly, interventions designed to reduce NSSI by re-establishing aversion to NSSI stimuli are now being developed. Franklin et al. (51) have developed an engaging, game-like mobile App that utilizes a form of Pavlovian conditioning to treat NSSI. In the course of a 1- to 2-minute game, participants have to correctly pair a stimulus picture with its “match.” Importantly, images of cutting are always matched with aversive pictures (e.g., snakes, toenail fungus, etc.). Results from three randomized controlled trials provide support for this approach, highlighting the potential value of intervention efforts designed to increase aversion to NSSI stimuli. Whether amygdala activation to NSSI images might be eventually be used in this context as potential neurobiological marker of treatment success or relapse potential is an intriguing possibility, and underscores the importance of additional research in this area.
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Background

Why do some people engage in nonsuicidal self-injury (NSSI) while others attempt suicide? One way to advance knowledge about this question is to shed light on the differences between people who engage in NSSI and people who attempt suicide. These groups could differ in three broad ways. First, these two groups may differ in a simple way, such that one or a small set of factors is both necessary and sufficient to accurately distinguish the two groups. Second, they might differ in a complicated way, meaning that a specific set of a large number of factors is both necessary and sufficient to accurately classify them. Third, they might differ in a complex way, with no necessary factor combinations and potentially no sufficient factor combinations. In this scenario, at the group level, complicated algorithms would either be insufficient (i.e., no complicated algorithm produces good accuracy) or unnecessary (i.e., many complicated algorithms produce good accuracy) to distinguish between groups. This study directly tested these three possibilities in a sample of people with a history of NSSI and/or suicide attempt.



Method

A total of 954 participants who have either engaged in NSSI and/or suicide attempt in their lifetime were recruited from online forums. Participants completed a series of measures on factors commonly associated with NSSI and suicide attempt. To test for simple differences, univariate logistic regressions were conducted. One theoretically informed multiple logistic regression model with suicidal desire, capability for suicide, and their interaction term was considered as well. To examine complicated and complex differences, multiple logistic regression and machine learning analyses were conducted.



Results

No simple algorithm (i.e., single factor or small set of factors) accurately distinguished between groups. Complicated algorithms constructed with cross-validation methods produced fair accuracy; complicated algorithms constructed with bootstrap optimism methods produced good accuracy, but multiple different algorithms with this method produced similar results.



Conclusions

Findings were consistent with complex differences between people who engage in NSSI and suicide attempts. Specific complicated algorithms were either insufficient (cross-validation results) or unnecessary (bootstrap optimism results) to distinguish between these groups with high accuracy.
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Introduction

Nonsuicidal self-injury (NSSI) is defined as the direct and deliberate destruction of body tissue without any suicidal intent, whereas suicide attempt refers to the engagement in potentially self-injurious behavior with at least some intent to die from the behavior (1). Both behaviors are dangerous in nature, and both are unfortunately common. The prevalence rates of NSSI among the general population are estimated to be 17% among adolescents, 13% among young adults, and 5.5% among adults (2). For suicide attempt, the lifetime prevalence rates are estimated to be 2–4% (3, 4). Given that NSSI significantly increases risk for future suicide attempt (5) and suicide attempt is associated with worse treatment course and increased risk of mortality (6, 7), it is important to understand why certain individuals only engage in NSSI whereas others engage in suicide attempt. A first step toward answering this question is to understand how the characteristics of individuals engaging in NSSI and those engaging in suicide attempt differ cross-sectionally.

There are three general ways that individuals with NSSI and individuals with suicide attempt might differ (Table 1). First, they might differ in a simple way. That is, one or a small set of factors might be both necessary and sufficient to distinguish between them. One example of a simple difference is how atoms are different from each other: the number of protons is the necessary and sufficient factor to identify each type of atom. Importantly, simple differences entail easily comprehensible and sharp distinctions rather than oversimplification. In terms of the differences between individuals engaging in NSSI and suicide attempt, the interpersonal theory of suicide, one of the most widely known theories in the field, posits that the presence of both suicidal desire and acquired capability for suicide (i.e., fearlessness about death) leads to suicidal behaviors (8, 9). Therefore, the key differentiating factors between individuals who only engage in NSSI and those who attempt suicide should be the combination of both suicidal desire and capability for suicide (8–10).


Table 1 | Possible differences between individuals engaging in NSSI and suicide attempt.



Second, individuals engaging in NSSI and those engaging in suicide attempt might differ in a complicated manner, such that a specific set of a large number factors is both necessary and sufficient to accurately classify them. As an example of a complicated difference, a functioning smartphone requires a large number of working components, including a circuit board, a speaker, a microphone, an antenna, a battery, a display screen, and a SIM card. If any component in the specific set is missing (e.g., a dead battery), the smartphone becomes nonfunctioning. That is, in order to distinguish between functioning and nonfunctioning smartphones, the above mentioned combination of a large number of factors is both necessary and sufficient. Any phones with all the above components present are considered functioning, and any phones with even just one component missing are considered nonfunctioning. Even though complicated differences involve a large number of factors, the distinctions are nonetheless sharp and clear.

In the context of NSSI and suicide attempt, perhaps individuals engaging in suicide attempt exhibit a specific set of characteristics that is both necessary and sufficient to distinguish the two groups. For example, all individuals with suicide attempt might have the following characteristics: presence of suicidal plans, nonzero suicidal desire, nonzero suicidal intent, acquired capability for suicide, no reasons for living, loneliness, hopelessness, access to means, and recent stressors. If the combination of these factors is both necessary and sufficient to distinguish between individuals with NSSI and those with suicide attempt, it entails that we could classify any individual with even one of the factors lacking as an individual with NSSI (vs. NSSI and suicide attempt) with a high degree of certainty. For individuals with all the factors present, we could confidently classify this individual as someone engaging in suicide attempt.

Third, complex differences might exist between the two groups. Colloquially, it is common to refer to complicated systems and differences as complex. For example, in our prior work we sometimes referred to complicated algorithms and complicated factor relationships as complex (11). But in the technical sense, there are many important differences between complicated systems/differences and complex systems/differences (12–16), highlighting the need to distinguish between complicated and complex. One such difference concerns necessary and sufficient factors. Whereas complicated systems/differences involve a combination of necessary and sufficient factors (see above), complex systems/differences do not. If the difference between two groups is complex, there may be no algorithm that is sufficient to distinguish between all members of the two groups (i.e., no sufficient combination of factors). If a sufficient algorithm is found, the differences between the groups would still be complex if multiple algorithms with different factors or factor combinations were also sufficient to distinguish between the groups (i.e., no necessary factors or factor combinations).

It is important to note that there are degrees of complexity. For example, an algorithm that correctly classified 70% of the members of two groups would indicate more complex differences than an algorithm that correctly classified group 95% of group members (i.e., less sufficiency and, thus, greater complexity indicated by the 70% algorithm). Similarly, group differences would be considered more complex if 1,000 algorithms were sufficient to distinguish between groups than if only two algorithms were sufficient to distinguish between groups (i.e., less necessity and, thus, greater complexity indicated in the scenario where 1,000 algorithms were sufficient).

Although it is intuitive for humans to attempt to model systems as simple (17–19), most natural systems are complex (20–22). As such, many consider complexity to be the default model; evidence must be provided to constrain from a complex model to a complicated or simple model (Figure 1). To constrain from a complex model to a complicated model, evidence must be shown that a complicated combination of factors is both necessary and sufficient to distinguish between all members of two groups. To further constrain from a complicated to a simple model, evidence must be shown that a simple combination of factors is both necessary and sufficient to distinguish between all members of two groups. Several lines of evidence have led some researchers to suggest that most biological, psychological, and social phenomena are complex rather than complicated or simple (16, 20, 22–26). We likewise hypothesize that the differences between people who engage in NSSI and people who attempt suicide are complex rather than complicated or simple. We accordingly hypothesize that no simple or complicated algorithm will be necessary and sufficient to correctly distinguish between all (or nearly all) people who engage in NSSI and suicide attempts.




Figure 1 | Evidence needed to constrain complex differences to simple or complicated differences. The null model is complexity, and evidence must be provided to constrain from a complex model to a complicated or simple model. Although sufficiency indicates perfect classification of the two groups, we lowered our criterion for sufficiency to good classification accuracy in terms of diagnostic accuracy metrics (e.g., areas under the curve [AUCs] ~ 0.90) in consideration of measurement error. To demonstrate that one factor or one factor combination is necessary, it must be shown that no other algorithms with different factors or factor combinations are also sufficient (i.e., yields good classification accuracy).



The present study will test this hypothesis by evaluating whether any simple or complicated algorithms are necessary and sufficient to distinguish between people who engage in NSSI and suicide attempts. In consideration of measurement error, we will lower our criterion for sufficiency from perfectly distinguishing between these two groups to distinguishing between these two groups with very good accuracy in terms of diagnostic accuracy metrics (e.g., areas under the curve [AUCs] ~ 0.90). To test for simple differences, we will conduct univariate logistic regression analyses for each available factor. In addition, we will test a theoretically hypothesized simple difference by entering acquired capability for suicide, suicidal desire, and their interaction term as independent variables into a multiple logistic regression analysis (10). To support simple differences between individuals engaging in NSSI and suicide attempt, either the individual factors or the theoretically informed multiple logistic regression model should produce high classification accuracy. The absence of such evidence would suggest that these group differences are either complicated or complex.

To test for complicated differences, we will use multiple logistic regression analyses and machine learning analyses to construct complicated algorithms to distinguish between people who engage in NSSI and people who attempt suicide. To support complicated differences, two bars must be cleared: sufficiency and necessity. First, to clear the sufficiency bar, at least one algorithm must accurately distinguish between the two groups. The absence of such evidence would suggest that these group differences are complex. Second, if the sufficiency bar is cleared, to additionally clear the necessity bar, only one algorithm should accurately distinguish between the two groups. If more than one algorithm (e.g., with different factors or a different combination of the same factors) produces high accuracy, this would violate necessity and indicate that group differences are complex.

The results of this study will advance the understanding of the nature of differences among individuals engaging in NSSI and suicide attempt, providing a foundation from which we can better understand why some people engage in NSSI whereas others engage in suicide attempts.



Method


Participants

A total of 954 participants were selected from a high-risk sample recruited internationally for a larger study (27). Participants were recruited from online forums that focused on topics of psychopathology, self-injury, and suicide. The inclusion criteria of the larger study required that participants must (a) be at least 18 years of age or older; (b) demonstrate sufficient English fluency to understand study instructions; (c) have engaged in nonsuicidal self-cutting at least twice in the past two weeks, have attempted suicide in the past year, or have thought about suicide more days than not in the past two weeks. The third inclusion criterion was designed to balance the need of recruiting a large sample to avoid potential model overfitting (see Modeling Approach below) and the need of recruiting a severe sample to ensure sufficient variance in the data (e.g., a sufficient number of suicide attempts). Because self-cutting is a severe and yet common form of NSSI (28), the frequency of self-cutting was used as a screening criterion. Participants with other forms of NSSI (e.g., self-burning) were not excluded if they met one of the three criteria on previous self-injurious thoughts and behaviors.

In addition to the inclusion criteria of the larger study, the present study required that participants must have either engaged in NSSI (N = 319) or attempted suicide (N = 635) in their lifetime. For participants who met the inclusion criteria of the original larger study because they had thought about suicide more days than not in the past two weeks at screening (but might not have engaged in nonsuicidal self-cutting at least twice in the past two weeks or attempted suicide in the past year), they were retained for the present study as long as they have engaged in NSSI or suicide attempt at least once in their lifetime.

Among the 954 participants, the mean age was 26.30 (SD = 7.11). More than half of the sample reported female gender (67.71%), with the rest reporting male gender (27.25%), other (3.78%), and prefer not to say (4.72%). The sample was predominantly White (79.67%), with the rest identifying as Black/African American (3.67%), Asian (5.87%), Hispanic or Latino (4.51%), Native American and Indigenous Peoples (0.84%), and other (5.45%). In terms of sexual orientation, 51.89% of the sample identified as heterosexual, while the remainder were bisexual (36.48%), homosexual (6.92%), or preferred not to disclose (4.72%).



Procedures

The Institutional Review Boards at Florida State University and Vanderbilt University approved all study procedures. With the approval of online forum moderators, study advertisements were posted in web forums about mental health, self-injury, and suicide. Individuals interested in participation were asked to complete a brief screening survey to determine their eligibility. To ensure anonymity, individuals were asked to provide a non-identifiable email address at the end of the screening survey (e.g., without names, date of birth, school and work information) for future study communication. Eligible individuals who provided consent were emailed their unique, randomly generated identification number and a link to complete the study assessment. The survey included approximately 50-min of computerized tasks and questionnaires. Within 24 h of completion, participants were provided with a $10 electronic Amazon gift card as study compensation.

The present study elected to collect data online due to the benefits of this method and at the same time implemented multiple procedures to guard against potential threats to validity. The advantages of online recruitment include easier access to diverse populations, minimal geographical constraints, and increased possibility of recruiting severe clinical samples (29). In addition, research has shown that online studies produce comparable results to the traditional face-to-face settings (30). Consistent with best practices of online recruitment (31, 32), multiple steps were adopted during the screening process to ensure data quality. First, to reduce the likelihood of individuals intentionally altering their responses to gain access to the study, the inclusion criteria were not included in the study advertisements, and relevant screening questions were embedded among irrelevant filler questions. Second, duplicate items and free-response items were included in the screening survey to check for consistency and English fluency. Third, to prevent the same individuals from entering the study more than once, only unique IP addresses were allowed to participate in the study.



Measures

We included factors that have been found to be broadly associated with NSSI and suicide attempt (33, 34), such as demographics, psychopathology, prior self-injurious thoughts and behaviors, and explicit and implicit processes. We intentionally balanced relatively stable, distal factors with more variant and proximal factors (e.g., affective states). Theoretically relevant constructs (e.g., hopelessness, capability for suicide) were also assessed. Given that hundreds of factors have been studied in relation to NSSI and suicide attempt, it was not feasible to include all possibly relevant factors. However, the potential omission of one or a few specific factors is unlikely to impact the results. Meta-analytic evidence suggests that hundreds of factors confer risk for NSSI and suicide attempt to a similar extent, and no factor exerts particularly strong effects (33, 34). Therefore, it is unlikely that any factors not included in the present study would exert an effect above and beyond the included factors.


Demographics

Demographic information including age, employment, gender, sexual orientation, and race was assessed using brief self-report items.



Modified Suicidal Thoughts and Behaviors Interview (SITBI)

The SITBI (35) is a standardized and validated measure assessing for thoughts of NSSI, NSSI, suicidal thoughts, plans, preparations, and attempts. The interview appears valid as it has been shown to strongly correspond to other measures of suicidal thoughts, suicide attempt, and NSSI. The scale also demonstrates strong interrater reliability and test-retest reliability (35). The present study adopted the modified SITBI, a self-report adaptation of the original interview that has been used in previous studies (36, 37). In this study, the modules on NSSI and suicidal plans, preparations, and attempts were administered.



Acquired Capability for Suicide Scale-Fearlessness about Death (ACSS-FAD)

The seven-item ACSS-FAD (38) measures fearlessness about death, an important construct theorized to distinguish between individuals who engage in NSSI and suicide attempts (38). Participants were asked to rate on a four-point Likert scale from 0 (not at all like me) to 4 (very much like me) on statements such as “I am very much afraid to die.” Higher scores suggest greater capability for suicide. This measure has been shown to demonstrate good convergent and discriminant validity (38). The internal consistency of the scale was good (Cronbach's α =.85).



Affective States Questionnaire (ASQ) 

The ASQ (39, 40) was included to assess nine different negative affective states, such as feelings of self-hatred, abandonment, and humiliation. Participants were asked to answer either “yes” or “no” to experiences of these negative states. The ASQ demonstrates good validity and is predictive of future suicidal behavior (39).



Modified Affect Misattribution Procedure (AMP)

The present study included the modified AMP  (41–43) to assess implicit affect toward suicide and self-injury stimuli given that prior studies have established that reduced implicit aversion toward suicide and self-injury stimuli are associated with increased risk for NSSI (41, 44). On each trial of the AMP, an image was presented to the participants on the computer screen. Subsequently, an ambiguous Chinese symbol was presented. Participants were told to ignore the first image stimuli and treat them only as cues that the Chinese symbols were about to flash on the screen. Participants were asked to rate whether they found the Chinese symbols to be pleasant or unpleasant. Research has shown that the pleasantness of the image or word stimuli influences the ratings of the subsequent Chinese symbols (43). Through this misattribution, participants' implicit affective reactions to the original stimuli were assessed. For the present study, we used both positive stimuli (e.g., images of pets, babies, beaches) and suicide/self-injury stimuli. The intensity of suicide/self-injury stimuli ranged from low (e.g., pills, heights, body bags), moderate (e.g., a floating body in the water, bleeding from self-cutting), to high (e.g., body with severe burn, corpse with fatal gunshot wound to head). The internal consistency was good for each category of images: Cronbach's α was.85 for both the low-intensity and moderate-intensity suicide/self-injury images,.86 for the high-intensity suicide/self-injury images, and.80 for the positive images.



Beck Scale for Suicide Ideation (BSS)

The 21-item BSS (45, 46) measures suicidal thoughts and behaviors. In this study, items 1–5 on suicidal desire were administered. Each item was rated on a Likert scale ranging from 0 to 2, with lower scores indicating lower desire for suicide. The internal consistency for the suicidal desire subscale was acceptable (α =.85).



Brief Agitation Measure (BAM)

The BAM (47) includes three self-report items assessing for agitation in the past week. Participants were asked to rate each statement (e.g., “I want to crawl out of my skin”) on a seven-point Likert scale ranging from 0 (strongly disagree) to 6 (strongly agree). Higher scores indicate higher levels of agitation. This scale has been shown to have good validity and reliability (47). Cronbach's α indicated good internal consistency (α =.84).



Brief Symptom Inventory-18 (BSI-18)The BSI-18

The BSI-18 (48) was adopted to inquire past week psychological symptoms (e.g., anhedonia, pains in heart or chest, nausea). Participants rated how much they experienced each symptom on a five-point Likert scale from 0 (not at all) to 4 (extremely). Higher scores reflect greater psychological distress. Previous research has found that this scale has good reliability and validity. The internal consistency of this scale was good (α =.81).



Explicit Affective Ratings

In addition to measuring implicit affects, we also measured explicit affects (41, 49) toward positive, and suicide and self-injury stimuli given that implicit and explicit associations tend to diverge under certain circumstances [e.g., motivation to disguise explicit attitudes; (50, 51)]. Moreover, reduced explicit aversion to suicide and self-injury stimuli has been linked with increased risk for NSSI (41, 42). Explicit affect was assessed using a 10-point Likert scale. Higher scores indicated that participants found the stimuli more pleasant. Five positive images (Cronbach's α =.79) and five suicide/self-injury images (Cronbach's α =.90) were drawn from the stimuli used in the AMP task described previously for the present assessment. For suicide/self-injury stimuli, the images were of moderate intensity.



Disgust With Life Scale (DWLS)

With 12 self-report items, the DWLS (52, 53) includes two subscales (i.e., disgust with self, disgust with others). Participants rated each item (e.g., “I am disgusted with myself”) on a seven-point Likert scale from 0 (not at all true of me) to 6 (very much true of me). Higher scores on the DWLS indicate greater disgust toward self and others. The subscales have shown strong convergent validity with other measures of disgust (52), as well as good internal consistency (α =.90).



Insomnia Severity Index (ISI)

The ISI (54) is a seven-item self-report inventory that measures symptoms of insomnia. The index has shown adequate internal reliability and convergent validity (55). The internal consistency of this scale was good (α =.86).




Statistical Analyses


Missing Data

A total of 33 factors were considered (see Tables 2 and 3 for details). Missing data were minimal (< 0.01%) and addressed using multiple imputation. No outcome data (i.e., engagement in NSSI or suicide attempt) were missing.


Table 2 | Univariate logistic regression analyses based on 10-fold cross-validation.




Table 3 | Univariate logistic regression analyses based on bootstrap optimism correction.





Modeling Approach

Considering that it is common for individuals to engage in both NSSI and suicide attempt (56, 57), we elected not to exclude individuals with both behaviors from the models. Individuals engaging in both NSSI and suicide attempt were grouped with individuals with suicide attempt only. That is, the models were tasked with separating individuals with suicide attempt (regardless of their engagement in NSSI) from individuals engaging in NSSI only. This decision was intended to increase the clinical relevance of the study as many clinicians are concerned with whether patients might engage in suicide attempt. Retaining the whole sample would also allow the models to leverage a larger sample size and thereby producing more precise model performance estimates (i.e., narrower confidence intervals). For completeness, we repeated analyses based on the subsample of individuals with NSSI only and individuals with suicide attempt only; the results were statistically identical (Tables 4 and 5).


Table 4 | Model performance based on 10-fold cross-validation.




Table 5 | Model Performance Based on Bootstrap Optimism Correction.



All statistical analyses were performed in R (58) via glm in base R, and randomForest and pROC packages. To test for simple differences, univariate analyses were conducted for each factor. Even though the primary aim of the study is not to test specific theories, we also considered suicidal desire and capability for suicide as an example of theorized simple difference given that the interpersonal theory (8, 9) is one of the most prominent theories in the field that also has well-established measures on the posited factors. To test this theoretically-driven model, a multiple logistic regression model with suicidal desire (as measured by BSS), acquired capability for suicide (as measured by ACSS-FAD), and their interaction term as independent variables was conducted.

A range of analyses were conducted to test for complicated differences between individuals engaging in NSSI and suicide attempt (i.e., to constrain from a complex model to a complicated model). We first examined whether multiple logistic regression analyses with all variables might be sufficient (again, operationalized as AUC ~.90 in consideration of measurement errors). This decision was based on prior research supporting the utility of adopting logistic regression models in the classification and prediction of self-injurious thoughts and behaviors (59, 60). Second, we analyzed whether machine learning analyses might be sufficient in distinguishing the two groups. Specifically, we adopted random forest algorithms given that they have been commonly used in the field of suicide, self-injury, and medicine (61–64). As a nonparametric method, random forests might also serve as a complement to the multiple logistic regression model (see below for details). If neither model was sufficient in classifying individuals with NSSI and suicide attempt, it would indicate that the differences between the two groups were likely complex instead of complicated. If either model cleared the sufficiency requirement for complicated differences, we would then test for necessity by dropping variables included in the models in various ways (i.e., removing the top five most important factors identified by random forests, the top five most discriminative factors identified by univariate analyses, and a randomly selected 10% of the variables). If results showed that multiple models could produce similarly accurate classification, they would suggest that none of the models was necessary. This would again indicate complex differences.



Random Forests

Given that random forest algorithms are relatively new compared to traditional logistic regression methods, we hereby provide a brief overview of this method. The random forest algorithm consists of an ensemble of decision trees. Randomness was strategically introduced into the algorithm to avoid overfitting (i.e., overcapitalizing on noise within the present sample) and to increase the likelihood that the algorithm would generalize to a different dataset. For instance, within each tree in the ensemble, only a random subset of factors is allowed to be considered at each “split” of the decision tree. This procedure results in trees that are less correlated, thereby making the overall algorithm more reliable and robust. Per common practice in the field, the number of factors randomly considered at each split in this study was set as the square root of the total number of factors (65). The fitting process was repeated 500 times in this study to produce a forest of trees (66, 67). The outcome of the algorithm for each participant (i.e., whether an individual engages in NSSI or suicide attempt) was determined by a majority vote from the 500 trees. The random forest algorithm also provides estimates of the importance of factors within the algorithm by averaging and standardizing the decrease in classification accuracy after randomly permuting each variable.



Internal Validation

Internal validation methods help to reduce overfitting, where algorithms may capitalize on noise in a given dataset, providing an estimate that may not generalize to a new dataset. We first employed 10-fold cross-validation, a commonly used internal validation method (65). This approach involves randomly dividing the data into 10 sets, where models are developed on the combination of nine sets and tested on the one selected set. This procedure is repeated 10 times, each time with a different set selected as the test set. Because of sample imbalance and the accompanied possibility that one set might not contain at least one individual with nonsuicidal self-injury to allow for validation, we adopted a stratified approach during the data splitting process.

We also employed bootstrap optimism correction as an additional internal validation technique. To implement this method, the model first needs to be trained on the complete available data, then on a set of bootstrap replicates created from the original data. One hundred replicates were generated in this study. The models built on the replicates are subsequently applied to the original data, yielding performance estimates called “out of bag” estimates. The mean difference between the bootstrapped performance estimates and the “out of bag” estimates represents the extent of overfitting, which is termed “optimism.” The model performance indices corrected for optimism can be obtained by subtracting the optimism from the original model performance indices.

Bootstrap optimism correction has been employed in prior work using machine learning to study NSSI and suicide attempts (62, 64). Some studies have indicated its particular appropriateness for small samples as this method allows training on the entirety of the data (68–71). However, recent work indicates that this approach may not adequately reduce overfitting in some cases, resulting in higher accuracy estimates than those obtained with other approaches (72). On balance, some studies indicate that bootstrap optimism correction methods perform similarly to other internal validation methods (73, 74), random forest models can generalize well to new data (75, 76), and random forest combined with bootstrap optimism correction performs similarly to other internal validation methods and other machine learning techniques (73, 77, 78). There is also evidence that Walsh et al.'s algorithm (64) using this approach generalizes well to new samples and new suicide-related outcomes (79, 80). Nonetheless, much remains unknown about how various methods perform under various conditions, so at a minimum these discrepancies indicate that it would be prudent to conduct analyses with multiple internal validation techniques.



Model Fit Indices

Consistent with prior research (64, 81), a range of model fit indices were adopted to evaluate model performance. Area Under the Receiving Operating Characteristic Curve (AUC) was used to assess the overall classification accuracy. Because individuals engaging in suicide attempt substantially outnumbered those only engaging in NSSI in the present sample, solely relying on AUC to evaluate models could be misleading. For instance, a model classifying everyone as engaging in suicide attempt might produce high AUC, but is not clinically meaningful. Therefore, we also considered indices such as precision (i.e., positive predictive value) and recall (i.e., sensitivity). Following guidelines in the field (34, 64, 81), AUCs of 0.50 to 0.59 suggest extremely poor classification, 0.60 to 0.69 poor classification, 0.70 to 0.79 fair classification, 0.80 to 0.89 good classification, and above.90 excellent classification. These guidelines were also applied to precision and recall.

Additionally, Brier score as a calibration index was considered. In the field of clinical psychology, discrimination indices (e.g., AUC, precision, recall) have been more commonly used than calibration indices (82). Yet, in order for a model to be clinically useful, the probability of an outcome as estimated by the model should approximate the actual probability of such an event. In the context of this study, the proportion of individuals identified as engaging in suicide attempt compared to those identified as engaging in NSSI only by the model should match the actual proportion in the sample. A Brier score ranges from zero to one, with zero indicating a complete match between projected probability and the real-world probability. Higher scores indicate poorer model performance due to more deviation of the projected outcome probability from the real-world probability. Brier scores can be calculated with the following formula,   where N is the sample size of classified individuals, pi is the projected outcome for individual i, and oi is the observed outcome (83).





Results


Baseline Characteristics

Among the 319 individuals engaging in NSSI but not suicide attempt, 90.91% endorsed self-cutting, 42.63% endorsed self-burning, and 61.76% endorsed using methods other than cutting and burning. Many of the individuals were still actively engaging in these behaviors at the time of the study. About 46.08% of participants reported having cut themselves within the past month, and 23.51% reported having done so within the past week. Approximately 5.96 and 3.45% of the participants reported having burned themselves in the past month and in the past week, respectively. In terms of using other NSSI methods, 28.53% reported such behaviors in the past month and 17.24% in the past week. Based on responses on the SITBI-SF (35), approximately 40.12% of the participants reported no desire to stop engaging in NSSI. In terms of self-rated estimated likelihood of engaging in NSSI again in the future, 94.36% reported nonzero likelihood, and 74.29% reported at least moderate likelihood (i.e., at least 5 on a 0-to-10 Likert scale).

Among the 635 individuals with suicide attempt, the majority of the participants (91.65%) also endorsed previous engagement in NSSI. Most participants (75.59%) had attempted more than once in their lifetime. The median lifetime frequency of suicide attempts is 3 (M = 6.30, SD = 13.50). About 45.98% attempted in the past year, 13.23% in the past month, and 4.41% in the past week. Half of the participants (55.75%) reported at least one instance of attempt that resulted in at least moderate physical damage and required medical attention. According to responses on the SITBI-SF (35), 94.80% of the participants with lifetime history of suicide attempt noted nonzero likelihood to attempt suicide again in the future, with 66.30% noting at least moderate likelihood (i.e., at least 5 on a 0-to-10 Likert scale).



Model Performance

In terms of the possibility of simple differences between individuals engaging in NSSI and suicide attempt, univariate logistic regression analyses with both internal validation techniques showed that on average individual factors produced chance level classification accuracy, and that all factors produced AUCs lower than 0.75 (Tables 2 and 3). Univariate classification was weak across other metrics (i.e., precision, recall, and Brier score) for most variables (Tables 4 and 5). The theoretically informed multiple logistic regression model including acquired capability for suicide, suicidal desire, and their interaction term produced near chance level accuracy, with fair precision, poor recall, and poor calibration (Tables 4 and 5). Thus, neither univariate models nor the theoretically informed models appeared sufficient for distinguishing between the two groups.

Regarding possible complicated differences, traditional multiple logistic regression with either internal validation technique yielded fair accuracy and did not appear sufficient in distinguishing individuals with NSSI and suicide attempt (Tables 4 and 5). That is, results from the multiple logistic regression analyses were unable to constrain from complex differences to complicated differences. When internally validated with 10-fold cross-validation, the random forest algorithm with all variables did not appear sufficient as it yielded only fair accuracy (Table 4). When internally validated with the bootstrap optimism correction method, the random forest algorithm with all variables yielded AUC close to.90, suggesting that it was sufficient in distinguishing the two groups (Table 5). The following variables were then removed from inclusion of the models: the top five most important variables (i.e., confidence in killing self during preparations for suicide, intent on acting on suicide plans, lifetime history of preparations for suicide, self-rated likelihood of developing future suicide plans, disgust with self), the five most discriminative variables identified by univariate analyses (i.e., confidence in killing self during preparations for suicide, lifetime history of preparations for suicide, intent on acting on suicide plans, insomnia, past month frequency of suicide plan), and a randomly selected 10% of variables. After removing variables in various ways, however, the algorithms produced similarly sufficient classifications (Table 5), indicating that none of the algorithms were necessary. In other words, results from random forests with either internal validation technique failed to constrain from complex differences to complicated differences. Result remained consistent when analyses were restricted to the sample of individuals with NSSI only and suicide attempt only (Table 5): no model was able to constrain complex differences to either simple or complicated differences.




Discussion

Although researchers have long been interested in how people who engage in NSSI differ from people who engage in suicide attempts, the nature of these differences has remained unclear. The present findings indicated that these differences are complex in nature: results were unable to detect evidence of simple or complicated differences. Across all available variables considered in the study, no specific factor accurately separated the two groups in univariate analyses. The theoretically informed model with two factors (i.e., acquired capability for suicide and suicidal desire) yielded chance level accuracy as well. These results suggest that it is unlikely for an individual factor or a small set of individual factors to be both necessary and sufficient to distinguish between individuals engaging in NSSI and suicide attempt. Multiple logistic regression analyses and random forest analyses with 10-fold cross-validation produced fair accuracy, indicating that complicated algorithms constructed with these methods were insufficient to distinguish between NSSI and suicide attempt groups with high accuracy. Random forest analyses with bootstrap optimism correction was sufficient to distinguish between these groups with high accuracy, but many complicated algorithms constructed with this approach produced comparable results. Accordingly, none of these algorithms was necessary to distinguish between these groups with high accuracy. These findings are most consistent with complex differences between people who engage in NSSI and people who attempt suicide, where no factor or factor combination is necessary and sufficient to distinguish between these groups.

The current findings are consistent with prior research on self-injurious thoughts and behaviors. Multiple meta-analyses examining predictors of NSSI and suicidal thoughts and behaviors have found that, on average, univariate predictions yielded accuracy only slightly above chance levels (33, 34). Such findings indicate that all known factors and simple combinations of factors are insufficient to accurately predict self-injurious thoughts and behaviors or to distinguish among subgroups of people who engage in self-injurious thoughts and behaviors. Also consistent with the present findings, several studies have found that complicated algorithms can produce fair-to-good accuracy using a range of statistical methods (64, 84–87). Among complicated algorithms that have produced highly accurate classification or prediction, evidence across (and sometimes within) studies indicates that no particular factor combination is necessary to produce high accuracy. These broader findings, along with the present findings, show that even complicated algorithms are either insufficient or unnecessary to produce high accuracy prediction or classification of self-injurious thoughts and behaviors. That is, existing evidence does not yet allow us to constrain from a complex view to a complicated view of self-injurious thoughts and behaviors.

All approaches employed in the present study converged on the same conclusion – that the differences among people who engage in NSSI and suicide attempts are complex. But the different approaches indicated different degrees of complexity. Multiple logistic regression and random forest with 10-fold cross-validation indicated a higher degree of complexity, as these complicated algorithms were neither sufficient nor necessary for high accuracy classification. Random forests with bootstrap optimism correction indicated a lower degree of complexity, with complicated algorithms that were sufficient but not necessary to produce high accuracy classification.

It is important to note that, so far in this paper, we have discussed sufficiency in terms of the ability to produce high accuracy classification within a single sample. However, NSSI and suicide research are primarily concerned with identifying simple or complicated factor combinations that accurately classify (or predict or cause) these phenomena across all samples. That is, we are primarily concerned with identifying nomothetic explanations or algorithms. To truly justify constraining from a complex to a complicated view of self-injurious thoughts and behaviors, we must show that a given algorithm is both sufficient and necessary across a large number of samples (ideally across different ages, cultures, etc.). Existing studies, including the present study, have been unable to detect a necessary and sufficient algorithm within a single sample, raising serious doubts about detecting such an algorithm that applies across all or most samples. It will always be possible that such a simple or complicated algorithm will be found but, in our opinions, this possibility no longer appears plausible. We believe that it is most plausible that the causes, predictors, and correlates of self-injurious thoughts and behaviors are complex, and that it is most useful for researchers and clinicians to assume this complexity.

So, what would it mean if the causes, predictors, and correlates of self-injurious thoughts and behaviors truly are complex? In our opinions, this would mean at least six things. First, self-injurious thoughts and behaviors work like most other psychological phenomena, which are complex on the level of biopsychosocial factors [e.g., emotions: see (23, 24)]. Second, the causes, predictors, and correlates of self-injurious thoughts and behaviors are indeterminate (i.e., show degeneracy and pluripotentiality, which are core feature of complex systems), but they are not random. There are likely to be many notable regularities across instances of self-injurious thoughts and behaviors (e.g., negative affect). But these regularities are unlikely to be either sensitive or specific to self-injurious thoughts and behaviors, and there are likely to be many irregularities. Third, this indeterminacy will likely make it impossible to form a simple (or even complicated) theory of self-injurious thought and behavior causes that accounts for most instances. Fourth, this indeterminacy likely places a ceiling effect on the accuracy of prediction algorithms, especially across samples. Fifth, this indeterminacy likely places a ceiling effect on intervention efficacy, especially for interventions that target a few specific factors. Indeed, Fox et al. (88) meta-analyzed over 300 randomized controlled trials for self-injurious thoughts and behavior, finding that many interventions slightly reduce these phenomena (~8–15% reductions), but no intervention produces large or even moderate reductions. Sixth, self-injurious thought and behavior research may benefit from moving to a different level of analysis. Although the contributions to these phenomena may be complex on the level of biopsychosocial factors, they may not be complex on other levels. Facing similar difficulties, researchers in other areas of psychological science—most notably affective science (23, 89–91)—have moved to the level of psychological primitives (26).

Although beyond the scope of the present manuscript, we will briefly outline this approach here to illustrate one potential way that we may understand self-injurious thoughts and behaviors on a level other than biopsychosocial factors. Psychological primitives are fundamental elements of the mind that cannot be reduced to anything else psychological (92). These psychological primitives give rise to all psychological phenomena. Three psychological primitives have been identified: internal stimuli, external stimuli, and conceptual knowledge (23, 91, 93, 94). Psychological phenomena (including behaviors) emerge when an individual attempts to make meaning of their current internal and external stimuli based on their conceptual knowledge (i.e., prior experiences). For example, anger occurs when an individual makes sense of their ongoing internal and external stimuli based on their concept of anger. Each person's concept of anger is heterogenous (i.e., includes many different exemplars of “anger”) and partially unique. As a result, there is substantial heterogeneity in the internal and external stimuli associated with anger, and in behavioral expressions of anger (95–97). This heterogeneity is why meta-analyses indicate that there is no neural or physiological signature for anger or any other emotion (98, 99). In other words, biopsychosocial factor associations with anger are complex.

The primitive-based approach makes sense of this complexity by proposing that this complex set of factors are all associated with anger via a common primitive-based mechanism: they all activate the anger concept. As a result, a major focus of the new primitive-based approach is to understand how concepts are formed, activated, implemented, and disrupted. For example, the anger concept can be disrupted with semantic satiation techniques, and this makes it more difficult for people to experience anger and to identify stereotypically angry faces (100, 101). Similarly, people with a certain form of semantic dementia do not possess concepts for specific emotions like anger. They are accordingly unable to distinguish between stereotypically angry, fearful, or sad faces (102). The primitive-based approach further specifies that all behaviors are motivated by allostasis (i.e., prediction of whether the anticipated metabolic costs of a given behavior are worth the anticipated metabolic benefits; see 103). When an individual conceptualizes that a given behavior will promote allostasis more effectively than any other considered in a given moment, they engage in that behavior.

From this perspective, NSSI and suicide attempts are best understood in terms of concepts for NSSI and suicide, and momentary conceptualizations of how NSSI and/or suicide might contribute to allostasis. Based on this approach, self-injury concepts (e.g., NSSI, suicide) are necessary (but not sufficient) for self-injury to occur. Consistent with this view, people who have immature self-injury concepts [e.g., young children: (104, 105)] have very low rates of self-injurious thoughts and behaviors (4). As these concepts mature in late childhood and early adolescence (104, 105), the rates of self-injurious thoughts and behavior increase dramatically (4). Also based on this approach, the conceptualization that self-injury will promote allostasis more effectively than any other behavior in a given moment should be a necessary and sufficient cause of self-injurious behaviors. Recent work using a virtual reality (VR) suicide paradigm (106) is consistent with this possibility. These studies show that manipulations such as rejection, stress, and pain have little-to-no causal effect on VR suicide. But changing how someone conceptualizes the allostatic consequences of VR suicide (e.g., if told that engaging in VR suicide will help one to avoid stress or pain, or to obtain a reward) has a large causal effect on VR suicide (106, 107). The greater the perceived likelihood of obtaining a reward or avoiding a punishment (i.e., of promoting allostasis), the more likely someone is to engage in VR suicide (108).

From this perspective, self-injury theories should focus on how people develop self-injury concepts and how they arrive at the momentary conceptualization that self-injury will promote allostasis. Self-injury prediction efforts should focus on how people conceptualize the potential consequences of self-injury (e.g., as providing major allostatic benefits vs. costs). And self-injury intervention efforts should focus on disrupting self-injury concepts and changing conceptualizations about the relative costs and benefits of engaging in self-injury. Once again, a full description of the primitive approach is beyond the scope of the present article (see 26 for a more detailed discussion), but the present findings along with the broader literature indicate that, clinically, we may benefit from developing primitive-based methods for predicting and preventing NSSI and suicidality.

A few limitations of the study should be considered when interpreting the findings. First, the present sample included individuals at high risk for self-injurious thoughts and behaviors. It is unclear how the findings might generate to other samples. Second, most participants in the NSSI group reported self-cutting as their primary form of NSSI. Future studies are needed to directly examine the differences between individuals primarily engaging in other forms of NSSI (e.g., burning, scratching) and individuals engaging in suicide attempt. Because complexity already appeared to characterize the differences between the more uniform NSSI group (i.e., primarily self-cutting) and the suicide attempt group, the current findings will likely replicate if the NSSI group is more heterogeneous. Third, the study was unable to include all factors associated with NSSI or suicide attempt. Although it is possible that future studies might discover one individual factor or a specific set of factors that is both necessary and sufficient to separate individuals engaging in suicide attempt from individuals who only engage in NSSI, it is increasingly implausible considering previous meta-analytic evidence (33, 34) and the present results.

In sum, the present study found that complex differences exist between individuals engaging in NSSI and those engaging in suicide attempt. It is always possible that future work will be able to constrain these differences to a complicated or simple set of factors. But we believe that it is most plausible to assume that these differences are truly complex and to shift some of our research questions and objectives to align with this complexity. One potential way to do this would be to move beyond biopsychosocial factors to a different level of analysis such as psychological primitives. Such a move may allow for biopsychosocial factor complexity while also providing an explanation for self-injurious thoughts and behaviors that is simple enough to advance theory, prediction, and treatment.
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Non-suicidal self-injury (NSSI) is a common phenomenon among adolescents, but is often not disclosed due to fear of stigmatization. Social media is frequently used to publish photos of NSSI and share experiences with NSSI. Objectives of this study were to find out more about the motivation for publishing NSSI content and to investigate the effect that sharing this content on social media has on young people. In the current study, we interviewed N=59 participants (mean age = 16.7 years [SD = 1.2 years]; 72.9% female), who had all posted NSSI content within the past month on the social media platform Instagram. Semi-structured interviews were conducted via the Instagram messaging app. Interviews were analyzed qualitatively, assisted by the Software Atlas.ti 7. Participants were asked about their motivation for and their experiences with posting NSSI content online. Motivations for posting pictures online were mainly social (connecting, disclosure, communicating), while self-focused reasons like documenting NSSI or recovery were also mentioned. All participants reported having received positive reactions (being offered help, connecting, receiving empathy), as well as negative comments (harassment, being misunderstood) to their own NSSI content by other Instagram users. Participants' reactions to other users' NSSI content on Instagram was often identification with the content or being triggered, but also wanting to offer help or sometimes even being deterred from NSSI. None of the participants mentioned successful referral to professional help through their online NSSI activity. One target for future interventions could therefore be social media, or other online platforms, where adolescents might be more easily reached. Mental health practitioners should be aware of their clients' online activity and encourage reflection upon positive and negative effects of viewing or sharing NSSI content online.




Keywords: non-suicidal self-injury, self-harm, social media, qualitative study, online, motivation



Introduction

Non-suicidal self-injury, defined as the intentional damage to the surface of the body (e.g. cutting, burning, or bruising) without suicidal intent (1), is a major concern among adolescents (2). Despite high prevalence rates, affected adolescents often do not come to the attention of mental health professionals (3). Disclosure is often prevented by shame, stigma, or concern for others (4) and adolescents often prefer peer versus professional support (5). This preference might be nurtured by stigma perceived from family, friends, or even professionals (6, 7). Furthermore, school staff, who might be the first adults to notice NSSI, often report a lack of knowledge and skills concerning NSSI and may hold negative attitudes (i.e. viewing NSSI as a manipulative and attention seeking behavior) towards students presenting with NSSI (8–11).

Not only among adolescents with NSSI, but also in the general population, social media networks and online messaging services, like Instagram or WhatsApp have become highly important means for social interactions among youth (12). Given the highly sensitive nature of NSSI and the generally frequent use of online media in this age group, many adolescents and young adults with NSSI rather turn to the Internet to find information and to receive validation and social support (13–15). A recent study on Internet use among adolescents with NSSI (N=142, mean age around 14 years) found that adolescents with more recent NSSI reported higher levels of social support-seeking Internet use (and sharing NSSI content), rather than adolescents with NSSI in the past or no lifetime NSSI (16).

Sharing NSSI content on social media platforms like Instagram or YouTube has been the subject of a number of studies [for review see (15)]. Especially the possibility of disclosing a history of NSSI anonymously might be of note, given the fear of stigmatization in “real life” (13, 17). A recent study (18), analyzing all pictures with the most prominent NSSI related hashtags in Germany on Instagram in a four week period in April 2016 (N=32,182) showed a large number of pictures explicitly portraying wounds caused by NSSI (N=2,826). The number of comments (and therefore attention) a picture received was significantly associated with the severity of the wound being portrayed. The tone of comments was mainly empathetic or offering help, while only a minor percentage of comments was abusive (18). This is in line with the “double-edged sword” described by Lewis & Seko (15), stating that social media activities regarding NSSI are beneficial on the one hand (i.e. reducing social isolation, disclosure, reducing NSSI urges, and recovery encouragement), but also potentially harmful on the other hand (i.e. triggering, NSSI reinforcing, stigmatization of NSSI).

Motives for posting NSSI material online have been explored in previous studies. One study used open-ended online questions (13), whereas in another one, motives were examined through analysis of what youth posted on a popular online forum (5). To date, only one qualitative interview study with N=17 participants (19) investigated motivations for creating NSSI content online. Participants had posted NSSI content in an online community focusing on NSSI (“Self-Injury.net”). NSSI content was both textual (i.e. poetry, short stories, and essays) or visual (i.e. drawings, photographs). The study found two major motives, being self-oriented motivation (to reflect NSSI experience, to express self, to reduce self-destructive urges) and social motivation (to raise social awareness, to help others, to seek out peers).

The current study adds to this literature by way of using interviews, focusing on NSSI imagery, and considering the highly popular social network—Instagram.

Aims of the current study were (1) to qualitatively assess the motivation in young people with NSSI to share pictures of their NSSI wounds on a large social media platform (Instagram), (2) to gain more insight in the reactions adolescents with NSSI have to viewing NSSI pictures online, and (3) how those adolescents perceive comments on (their own) NSSI pictures.



Methods


Data Collection

Participants were identified from a larger data-set investigating the occurrence of non-suicidal self-injury (NSSI) on Instagram (18). All pictures and user accounts associated with the 16 German hashtags most commonly related to featuring pictures of NSSI wounds (i.e. #ritzen, “#cutting”) were downloaded at an hourly rate during four weeks in April 2016. For details on how those hashtags were identified see Brown et al. (18). After those four weeks of Instagram data collection, a total of N=100 randomly chosen users from this data-set (who had all posted at least one picture of NSSI on Instagram) were approached via Instagram messenger and asked if they were willing to participate in an interview-based study. Participants were also asked if the wounds or scars portrayed in the posted pictures were results of their own NSSI. If they agreed, participants were included in the study. Interviews were conducted on Instagram messenger using chats, which allowed participants to stay anonymous. The interviews were semi-structured and consisted of 33 questions about the participants' experiences with NSSI and suicidality on Instagram. Additionally, socio-demographic variables (i.e. gender, age) were assessed. In the current study, the questions “What was the reason you first posted pictures online?”, “What is your general intention of posting pictures on Instagram?”, “What reactions did you get regarding the pictures you posted?”, “Do you get the same amount of attention for all pictures you post, or are the pictures portraying NSSI any different?”, and “How do you feel when viewing NSSI pictures posted by other Instagram users?”.



Ethics

Procedures contributing to this work comply with the ethical standards of the relevant national and institutional committees on human experimentation and with the Helsinki Declaration of 1975, as revised in 2008. All procedures involving human subjects were approved by the IRB of the Ulm University. Written informed consent via Instagram messenger was obtained from all subjects. Participants were informed about the purpose and risks of the study and about the use of their data for anonymous scientific publication via Instagram messenger. They agreed to those terms in written form via the messenger. Participants also consented to the publication of their indirectly identifiable data. All participants had to indicate to be over the age of 16. In case of acute suicidality, they were provided with emergency help advice (nation-wide telephone numbers) and were offered to talk to a trained child and adolescent psychotherapist (first author of this manuscript) on the phone or via Instagram messenger. None of the participants made use of this option.



Participants

Of the N=100 users on Instagram who were initially approached, N=64 agreed to participate in a qualitative interview regarding their experiences with NSSI on Instagram, of which N=59 completed the interview. Data of these 59 participants (of which n=9 did not want to answer questions on socio-demographic variables, but completed the interview) are presented in the present paper. Participants were on average 16.7 years old (SD=1.2 years) and 72.9% were female. Most participants were students (67.8%), 11.9% were trainees, and 5.1% were unemployed. All adolescents had engaged in NSSI in the past month and had posted pictures of their NSSI wounds on Instagram.



Qualitative Data Analyses

The software ATLAS.ti 7 was used to aid with the coding process. Qualitative analyses were conducted according to Mayring (20). In a first step, responses to the questions in the interviews were paraphrased (i.e. Part. 12: “Hm, a few days before [first posting a picture] I had had a relapse (I had been clean for a year) and, so I searched Instagram, explicitly for it [NSSI content], and then I thought … maybe it'll help, just coming out with it. I mean, in my normal life I have to hide it, so why not post it here anonymously and talk about it”—Paraphrase: “Initial reason for posting NSSI pictures: Thinks anonymous self-disclose might be helpful, keeps NSSI secret in real life.” In a second step, an abstraction level was defined and paraphrased content was further condensed according to this level (Condensed paraphrase: “initial reason for posting NSSI pictures: anonymous self-disclosure”). In a third step, paraphrases with the same meaning were condensed and only paraphrases with central significance for the material were kept (i.e. categories “initial reason for posting NSSI pictures: anonymous self-disclosure” and “initial reason for posting NSSI pictures: self-disclosure” were combined). In a fourth step, paraphrases with similar content were further condensed and, if needed, rephrased (i.e. categories “social connection,” “being part of a community,” “raising awareness” were combined into “social reasons for posting NSSI pictures”). Two independent raters were thoroughly trained. First, both raters rated one interview script under close supervision. Afterwards, both raters independently rated a sample of three scripts under continuous supervision. After an interrater-reliability of kappa=.81 was achieved, they continued to rate the remaining manuscripts. Interrater-reliability was kappa=.86 for all interviews (before disagreements on ratings were resolved). Whenever there was a disagreement between two ratings, an agreement was found between both raters, supervised by one of the authors of the paper [RB]. Consensus on disagreements was established in regular meetings throughout the coding process.




Results

Results are organized by categories of replies to the interview questions. All frequencies are presented in Table 1.


Table 1 | Frequencies of categories of replies to interview questions.




Social Reasons for Posting NSSI Pictures

Most of the participants (N = 36, 61%) stated social reasons for initially posting their first picture online, or for continuing to post pictures online (N = 31, 52.6%).


Reason for Posting NSSI Pictures: Social Connection

Reasons of social connection, i.e. belonging to a group were mentioned frequently. Many participants expressed that they felt understood by other Instagram users much more than by family members or friends in real life.


Part. 54: “I just finally wanted to belong somewhere”





Reason for Posting NSSI Pictures: Self-Disclosure

Other participants mentioned that they mainly posted pictures for reasons of self-disclosure. Several participants mentioned the fact that they felt safe talking about their NSSI in the anonymity of the Internet.


Part. 12: “Hm, a few days before [first posting a picture] I had had a relapse (I had been clean for a year) and, so I searched Instagram, explicitly for it [NSSI content], and then I thought … maybe it'll help, just coming out with it. I mean, in my normal life I have to hide it, so why not post it here anonymously and talk about it”

Part. 13: “(…) I just wanted ANYONE to realize how badly off I was, how urgently I needed help, because no one in my real life noticed.”





Reason for Posting NSSI Pictures: Raising Awareness

Another social reason was to raise awareness of reasons for self-injury and use NSSI for social signaling.


Part. 32: “…Because I wanted to show my environment that not everything is looking bright.”

Part: 1: “With my pictures and my thoughts I want to open other peoples' eyes. I want to show them that there is no use to engage in self-injury”





Reason for Posting NSSI Pictures: Helping Others

Helping others with NSSI was another major social reason. Many participants mentioned that they offered help to other Instagram users and talked to them privately using the Instagram messenger. The main reason (48% of participants mentioned this) for offering help was because it felt good to be of help. Another 37.8% mentioned to be offering help for purely altruistic reasons.


Part. 59: “I don't know. I post it [NSSI picture], others contact me and we talk … I mean not about myself but in my comments I mention that if others feel the same way they can contact me and then I always try to help them”





Reason for Posting NSSI Pictures: Imitation

The third major theme that emerged for initially starting to post pictures of NSSI was imitation (N=4, 6.8%). Participants mentioned that they had been following other NSSI-pages and had, after some time, decided to start posting their own pictures. Overall, 24 participants (40.7%) stated to have been following NSSI-pages for several months before starting to post pictures themselves. However, only four of them mentioned this to be the main reason to have started to post pictures themselves.


Part. 50: “I had been following pages which uploaded such pictures for a while and then thought about it and then also started posting pictures”






Self-Orientated Reasons for Posting NSSI Pictures (Documentation of NSSI)

Apart from social reasons, some participants started posting pictures for documentation (N=9, 15.3%). Some stated to use it as a diary without any further given intent, whereas some participants clearly stated to try and document their recovery.


Part. 56: “I wanted to document the self-injury somewhere, to get an overview on how it develops over time.”

Part. 21: “I'm not seeking for attention, it is more like a diary, so I can see if I'm making progress, how long I've managed without it. If people are interested, they can follow me, if they are bothered by it, they should leave.”





Reaction to NSSI Pictures Posted by Others

Interestingly, all participants only talked about pictures of cuts. Other methods of NSSI were not mentioned.


Differentiated Reaction to NSSI Pictures by Severity of Depicted Injury

Some participants differentiated their own reaction to NSSI pictures by the severity of the wound depicted. Generally, superficial cuts did not evoke major emotions, most participants identified with medium cuts, while very deep cuts usually led to being repulsed or gaining motivation to end their own self-injury.


Part. 47: “1…very superficial cuts, like scratches … I'm thinking “how cute is this, that's how I started off”, etc….2. my category, where the cuts are gaping … I compare myself with those and if they are a little bit worse than mine, then I find them also pretty (I generally think my scars are pretty)….3. Extreme cuts, where you can see the flesh and I mean those where the arm is really deformed, I often/mainly find those repulsing, but there are phases where I find them beautiful.”

Part. 14: “It varies. But if there are pictures of very deep wounds it repulses me sometimes and keeps me from cutting this deep. Sometimes these pictures are “hardcore”. But other pictures trigger me a lot, so I want to self-injure again and pictures of very superficial wounds don't trigger much emotion. In those cases I am rather “proud” of my wounds if they are deeper than those of others.”





Reaction to NSSI Pictures: Identification

The most common reaction to other users' NSSI pictures was to identify with them (N=21, 35.6%) and compare one's own wounds with those pictures.


Part. 20: “I find myself in most pictures”





Reaction to NSSI Pictures: Trigger

Around a third of all participants reported to be triggered by online NSSI content (N=18, 30.5%).


Part. 52: “Videos have made me cut myself even though I was feeling good at the time”





Reaction to NSSI Pictures: Feeling the Need to Help Others

Another reaction to NSSI pictures online was feeling the need to help others (N=15, 25.4%).


Part. 15: “…most of the time I understand why they did it and am trying to help them”





Reaction to NSSI Pictures: Feeling Indifferent

On the contrary, some participants mentioned to feel indifferent when looking at NSSI pictures (N=10, 16.9%).


Part. 11: “[I feel] nothing, I just look at them and keep searching”





Reaction to NSSI Pictures: Motivation to End NSSI

Another group of participants also mentioned to gain motivation to end their self-injury by looking at NSSI pictures online (N=7, 11.9%). However, all participants mentioned that this was a rather momentary effect and had not helped them ending NSSI completely.


Part. 2: “But through those pictures you see what it [NSSI] has done to people and it keeps you from cutting sometimes”






Others' Reaction to Own NSSI Pictures


Other's Reaction: Both Negative and Positive

All participants mentioned to have received positive as well as negative reactions to their pictures. Most participants seemed to rate positive comments as quite valuable and felt a connection with other Instagram users. They seemed to be able to ignore negative comments or to just take them into account. However, N = 23 participants mentioned to feel sad or angry after having read negative comments.


Part. 1: “I got a lot of feedback. Some said I should kill myself and cut myself to death, that I was only doing it for attention. Others said that they were there for me if ever I needed someone to talk.”

Part. 37: “It varies. Some wear you down, e.g. “how sick can someone be?”. Or that I should die. But some people also commented, e.g. “you can get out of it”. Or “we believe in you”.





Positive Reactions: Offering Help

The main positive reaction mentioned was being offered help (N=29, 39.2%). However, of those participants who had been offered help, only 15.2% thought those conversations had actually been helpful. Most participants said that talking to others with similar problems had felt good, but did not change anything in the long term. Reasons were that they realized they had problems that couldn't be solved via Instagram messenger, that no actual help was offered, or that the other person was not really interested in helping in the end. Many participants also mentioned that they stopped the conversations themselves, as they felt they were leading nowhere. No participant mentioned to have been offered information on, or recommendation for professional help.


Part. 47: “a lot of them say that they are there for you. A lot of them offer you to talk to them”





Positive Reactions: Empathy

The second positive reaction were empathetic comments (N=16, 27.1%).


Part. 13: “…Empathy and comments by people who were in the same situation”





Positive Reactions: Compliments

Receiving compliments for their pictures or their injuries was also mentioned by some participants (N=5, 8.5%).


Part. 9: “some thought it was cool”

Part. 53: “concerning the pictures that only showed scars people told me how beautiful my scars were”.





Negative Reactions: Being Harassed

Negative reactions were being harassed, being told to commit suicide or only seeking attention (N=24, 40.7%).


Part. 50: “90% of the comments were negative and abusing me and wearing me down, although I was already feeling down”.






Amount of Reaction Received for NSSI Pictures as Compared to Other Pictures

Most participants (N=32, 54.2%) stated to have received more attention for pictures explicitly showing NSSI wounds than for other pictures. N=15 participants (25.4%) did not see a difference in attention and one participant (1.7%) thought to have received less attention for NSSI pictures than for other pictures. The rest of the participants was not sure.




Discussion

This is the first study to have interviewed adolescents with NSSI on their motivation for and their experiences with posting NSSI content on Instagram by using a semi-structured chat based interview.

Regarding the motivation for posting pictures online, results of this study validate those from a smaller sample of participants posting NSSI content in a self-injury online community (19). Two main themes emerged, being social and self-oriented motivation. However, in the current study, social reasons were mentioned much more often than self-oriented reasons.

Many participants mentioned to post NSSI pictures because they wanted to be part of a group or a community, to “belong.” In Maslow's hierarchy of needs, “belongingness” plays a central role (21). Furthermore, one central developmental task during adolescence is to form interpersonal relationships with peers. On the other hand, the role of peer- and family related loneliness in association with NSSI has been described in several studies (22, 23). Furthermore, social exclusion and bullying have shown to be risk-factors for NSSI (24, 25), with emerging neurobiological evidence of adolescents with NSSI to be more sensitive to social exclusion than their peers (26). The need to belong might therefore be one key-factor for adolescents posting NSSI content online. It is therefore not surprising that many of the adolescents interviewed in the current study mentioned the positive sense of community between self-injurers on Instagram. This is also in line with recent reviews of the literature [e.g., (5, 15)] on online communication about NSSI. These motives reported in prior work exploring different social platforms and types of online-activity therefore also have relevance for posting pictures on Instagram, a large and contemporary social media platform.

Interestingly, the benefit of being part of this community and receiving positive and empathetic comments seemed to outweigh the negative comments and harassment participants reported quite frequently. Surprisingly, when systematically analyzing comments that were posted under NSSI content on Instagram (in the same sample from which the participants in the current in-depth study were drawn from), we found that only a very minor amount of comments (6.5%) were actually abusive (18). Over-reporting of negative comments in the current study might be an indication of those comments having a very high emotional impact on affected adolescents and might pose a risk-factor for worsening of mood, increased feelings of rejection and therefore possibly increasing or persisting NSSI. On another note, in a recent experimental study, participants who were exposed to hopeful comments under NSSI content on YouTube showed a significant increase in their attitudes towards recovery, while negative comments did not show a negative effect (27). As adolescents keep posting pictures on social media despite the risk of being verbally harassed, the effect of positive feedback and social support (with possible positive effects on recovery) should be further explored.

In line with the need of being part of a community, the theme of wanting to help others emerged frequently. Participants mentioned not only to be posting pictures in order to help others (i.e. to discourage them from engaging in NSSI or to get their attention to then offer help), but also to feel the urge to help peers when seeing their NSSI content. Being offered help was also one of the most frequently positive effects of posting pictures online mentioned in this study. This is in line with research showing that adolescents with recent NSSI show higher levels of support-seeking internet use than adolescents with less recent or no NSSI (16) and adolescents preferring help offered by peers over family members or health care professionals (28). Also, many adolescents in the current study mentioned self-disclosure in an anonymous space to be one reason for posting NSSI pictures. The anonymity of the Internet is possibly a prominent factor, helping to overcome stigma or feelings of shame, which prevents adolescents from seeking help and disclosure in the “real world” (6, 7, 28). However, participants also mentioned that help offered by peers on Instagram was rarely helpful and did not lead to a reduction of their NSSI. One way to counter-act this problem might be the implementation of Online-therapies that guarantee anonymity. In recent years, several approaches using the Internet to facilitate interventions for NSSI have been evaluated. For example, one online intervention for NSSI is currently being evaluated in a large multi-center randomized controlled trial (RCT) (29). However, many adolescents might be reluctant to talk to mental health professionals in general, face-to-face or online. Therefore, another approach could be the use of mobile applications (apps). Franklin et al. (30) reported effectiveness for the “Therapeutic Evaluative Conditioning App” in three RCTs. Furthermore, Hooley et al. (31) have described the potential of different online writing assignments in a recent RCT.

Another interesting point that emerged from the interviews was that participants stated on the one hand to be posting pictures in order to deter peers from NSSI or to simply keeping a “diary.” On the other hand, many participants reported to feel triggered when viewing NSSI content online. This is of special note, as although it has often been put forward that NSSI material on social media can be triggering [e.g., (32)], so far there is little quantitative evidence to support this notion. Healthcare professionals should therefore discuss and reflect upon the online behavior with their clients, in order to make them aware of the possibly triggering effects on others and themselves. Guidelines for healthcare professionals on this topic have been previously published (33, 34).

The possibility of social reinforcement regarding NSSI behavior by receiving attention for NSSI pictures has been mentioned previously (15, 18, 35). The current study adds evidence of this possible risk, by participants stating to be aware that their pictures portraying NSSI received more attention than their other pictures. As a major concern, we found in a previous study (18) that pictures showing more serious wounds also generated more attention, with the possible risk of adolescents posting pictures of more serious wounds in order to get more attention. Another concern arising from the answers of participants in the current study is the one of social contagion. Many participants mentioned to have been following pages with NSSI content first, before starting to post their own NSSI pictures. As a first step to prevent such possible social reinforcing, as well as potential contagious, and triggering effects, Instagram has recently taken action and has banned NSSI related hashtags from their platform. While this is a step towards preventing social contagion, banning content from a social media network can be discussed controversially. First merely blocking hashtags is not a solution (i.e. if #self-injury is blocked, new hashtags such as #self-injuryyy can be created (36). Therefore, content has to be manually checked by commercial content moderators, which poses a tremendous workload. More importantly, if one social media platform is not accessible, content can just as easily be published on other social media platforms or homepages. Furthermore, the current study and other previous studies have shown that having an online community to exchange about NSSI and related problems can be helpful to some individuals. Taking this opportunity away without offering a (better) alternative, is not the most viable solution.

Despite being able to recruit a relatively large sample size for a qualitative study, results might still be selective, due to the nature of the study. Although participants were chosen and contacted randomly, there may still have been a self-selection bias. Furthermore, results of this study cannot be replicated, as Instagram has since changed its policy on NSSI content.

Taken together, this study provides further evidence for the motivation and experiences of posting NSSI content online. The role of social belonging and reinforcement, as well as the search for help online in adolescents with NSSI was clearly shown by results of the current study. Furthermore, risks of triggering content and social contagion were mentioned by participants. Future research on how to use those factors to help adolescents with NSSI, i.e. by implementing online therapies, mobile applications, or using the commenting function on social media to instill attitudes of hope for recovery and professional help seeking are warranted.
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Background

Nonsuicidal self-injury (NSSI) is highly prevalent in clinical and non-clinical populations of adolescents. Several studies have supported both the distinction and the strong association between NSSI and suicidal behavior. Although there is a great deal of data on the role of life events in both suicidal behavior and NSSI, few studies have assessed the role of life events in the NSSI–suicidal behavior relationship. Our aims were to explore the relationship between NSSI and suicidal behavior, and the possible moderating role of stressful life events in a clinical and non-clinical adolescent population.



Method

A clinical (n = 202) and a nonclinical (n = 161) population of adolescents, aged 13–18 years were assessed. The Mini International Neuropsychiatric Interview Kid, Deliberate Self-Harm Inventory and the Life Events List were used. Group differences related to suicidal behavior, NSSI, and life events were tested with Wilcoxon tests. Two- and three-way interactions were tested with negative binomial regression models including zero-inflation parameter.



Results

The prevalence of suicidal behavior (W = 7,306, p < .001), NSSI (W = 9,652, p < .001) and life events (W = 10,410 p < .001) were significantly higher in the clinical than in the non-clinical group. Between number of life events and NSSI, a moderate effect size (.38, 95%CI [.28,.46]) was found. The main effect of NSSI (χ2(1) = 109.65, p < .001) and group membership (χ2(1) = 39.13, p < .001) predicted suicidal behavior; the main effect of quantity of life events did not explain suicidal behavior. The interaction between NSSI and number of life events (χ2(1) = 10.49, p < .01) was associated with suicidal behavior. Among interpersonal, non-interpersonal events and adverse childhood circumstances, only interpersonal events were associated with both suicidal behavior (χ2(1) = 6.08, p < .05) and had a moderating effect (χ2(1) = 8.59, p < .01) on the NSSI–suicidal behavior relationship. Patterns of the effects of life events on the NSSI–suicidal behavior relationship did not differ in the two groups.



Conclusion

Our results confirm the importance of prevention and intervention of NSSI, considering its high prevalence and frequent co-occurrence with suicidal behavior in both clinical and non-clinical adolescent populations. Moreover, to support NSSI and suicide prevention, we would like to highlight the importance of stressful life events, especially those associated with interpersonal conflicts, require special attention.





Keywords: nonsuicidal self-injury, NSSI, suicidal behaviour, suicide, life events, adolescence



Introduction

Nonsuicidal self-injury (NSSI) is defined as the direct and deliberate destruction of one’s own bodily tissue, with no observable intention to die as a consequence of the behavior, and for reasons not socially sanctioned (1, 2). The typical age of onset for NSSI is between 12 and 16 years (3, 4), and the behavior is highly prevalent in adolescence: lifetime prevalence is 15-46% in normal population (5–8) and as high as 40–80% in clinical populations (9). This alarmingly high prevalence implies NSSI is a major health issue not only because of the direct damage of the injuries themselves; recognition, but prevention and intervention of NSSI is also crucial because NSSI is associated with several internalizing and externalizing disorders (10), and is considered to be a strong predictor of suicidal behavior (11).

Although research supports the distinction between NSSI and suicidal behavior (12), and NSSI and suicide attempts typically differ in several key features—including intent, severity of medical damage, frequency (13) and number of methods (14)—the two phenomena are strongly associated: the overlap between NSSI and suicidal behavior is approximately 70% in clinical populations (14) and 50% in non-clinical populations (15). Possible pathways between NSSI and suicidal behavior have been described by several authors (16–18). One suggestion is based on the challenges of a clear-cut NSSI concept itself: as the nonsuicidal nature of NSSI can mostly be concluded from the person’s self-report, cases where the surface features of self-injury mask underlying suicidal intentions, or when the injury unintentionally leads to a lethal outcome, might be hard to categorize (19). Furthermore, a person can have ambivalent attitudes towards death during the self-injuring episode (1). Further theories include understanding NSSI as a “gateway” towards more severe forms of self-injury on a suicidal spectrum (16), or focus on self-injury as a process of habituation for fear and pain, thus making the person “capable” of suicide (17, 20). Moreover, shared risk factors (including shared psychiatric comorbidities and shared environmental risk factors, such as unsupportive family or high levels of stress) as third variables behind both NSSI and suicide (16, 17, 21) should also be taken into account, highlighting the role of interpersonal and broader environmental factors in the etiology and relationship of the two phenomena.

Broad theoretical and empirical evidence has previously suggested possible pathways between life events and both suicidal behavior (22, 23) and NSSI (24–26) separately. In line with the stress-diathesis models of suicidal behavior (27), the relationship between stressful life events, and particularly interpersonal stress and suicidal behavior, has been described in several studies. It was found in a population-based World Health Organization (WHO) World Mental Health Surveys sample of 102,245 adults that traumatic or stressful life events, particularly sexual and interpersonal violence are related to suicidal behavior (28). According to Joiner’s “interpersonal–psychological theory of suicidal behavior”, there are four main predictors of suicidal behavior: thwarted belongingness (feeling alienated/alone), perceived burdensomeness (feeling like being a burden), desire for suicide, and capacity for suicide (20, 29). Serious (lethal or near lethal) suicidal behavior will occur when these constructs co-occur (30). In line with Joiner’s theory, an indirect effect of chronic interpersonal stress on suicidal ideation via perceived burdensomeness was also found in adolescent inpatients (31). In a recent study, Stewart and colleagues (32) found in a clinical sample of adolescents that among events categorized as interpersonal loss, physical danger, humiliation, entrapment, and role change/disruption, only interpersonal loss events distinguished suicide attempters from psychiatric controls and suicide ideators, with this effect persisting also when restricting for single attempters and when excluding events following the most recent attempt.

According to Nock’s four-function model on the etiology and maintenance of NSSI (1, 33), self-injury can serve as a seemingly effective method for regulating affective/cognitive experiences and influencing the environment. Thus, factors creating or associated with a predisposition to have problems regulating affective/cognitive state or influencing others in the environment (e.g., physiological hyperarousal as a response to stressful events, unresponsive environment) might increase the risk of the behavior (as well as of other maladaptive coping behaviors). In line with Nock’s model, life events might act both as distal and proximal risk factors for NSSI. As distal risk factors, life events can increase vulnerability to stressors through pathways such as dysregulation of the immune and stress-response systems (34, 35). As proximal risk factors, Kaess and colleagues (24) found that the number of life events, specifically interpersonal events in the past six months predicted the first onset of direct self-injurious behaviors in the following year in a sample of high school students, suggesting that life events might play a critical role in the development of self-injury. On the other hand, findings of Burke and colleagues (36) suggest that this relationship may not be unidirectional: they found in a longitudinal study that engaging in greater NSSI may contribute to the occurrence of interpersonal stressful events among late adolescent girls. In our previous study (37), we compared lifetime prevalence of direct self-injurious behaviors and life event characteristics in high school and vocational school students, a population generally associated with lower socioeconomic status compared to high school students. Vocational school students reported higher prevalence of lifetime self-injury and increased number and severity of life events compared to high school students, but no direct link was found between NSSI and individual life events (37). All these results not only suggest a complex relationship between NSSI and life events but also draw attention to the necessity of including participants from heterogeneous educational settings when studying non-clinical populations.

Despite several results, described above, supporting the role of life events in both suicide and NSSI separately, only a small number of studies have assessed the role of life events in the relationship between the two phenomena. In these studies, the number of stressful life events was found to differentiate between adolescents engaging in suicidal and nonsuicidal self-injury by most (38–40), but not all authors (41). The role of traumatic life events in the relationship between NSSI and suicide was measured in a sample of adolescents by Zetterqvist and colleagues (42): individuals who engaged in both NSSI and attempted suicide differed from those engaging only in NSSI in terms of traumatic life events, that is, adolescents with both NSSI and suicide attempts reported a higher level of adversities and trauma symptoms, and higher rates of interpersonal events when discriminating between interpersonal, non-interpersonal and more longstanding adverse childhood circumstances. The role of interpersonal difficulties in the relationship between NSSI and suicide was also emphasized by Muehlenkamp and colleagues (43): in an outpatient population, adolescents who reported both NSSI and suicide attempts met a higher number of criteria for borderline personality disorder. Among borderline personality disorder features, the severity of confusion about the self and unstable interpersonal relationships were the areas that discriminated most between groups with NSSI only and with NSSI and suicide attempts (43), also highlighting the role of interpersonal difficulties in adolescents presenting both suicidal and nonsuicidal self-injurious behaviors.

The aims of the current study are the following: 1) to explore prevalences of NSSI and suicidal behavior among adolescents in a clinical and non-clinical population, including participants from heterogeneous secondary education settings; 2) to explore the relationship between NSSI and suicidal behavior in the two study groups, and 3) to assess the possible moderating role of stressful life events in the relationship of NSSI and suicidal behavior based on two different aspects: number and type (interpersonal or non-interpersonal) of life events. Moreover, our aim was to screen adolescents with acute suicidal risk and to offer immediate help for those in need by referring them to specialized care services.

Our hypotheses were as follows:

	Hypothesis 1. The number of lifetime NSSI methods is more strongly associated with suicidal behavior in the clinical group compared to the nonclinical group.


	Hypothesis 2. Higher quantity of life events is associated with an increased number of lifetime NSSI methods in both groups.


	Hypothesis 3. Interpersonal events have a stronger moderating effect on the relationship between the number of lifetime NSSI methods and suicidal behavior compared to non-interpersonal events and adverse childhood circumstances.




Furthermore, our aim was to explore if the patterns described in Hypothesis 3 differ between the clinical and non-clinical groups.



Materials and Methods

Since the methodology of the current study has partly been described previously (44), in the current paper we highlight only the most relevant and additional pieces of information.


Ethics

The study was approved by the National Scientific and Ethical Committee of Ethics Committees of the Medical Research Council of Hungary (ETT-TUKEB). After being informed of the nature of the study, all participating adolescents and their parents/caregivers gave their oral consent, and all parents/caregivers and adolescents older than 14 years provided written informed consent. In the non-clinical group, parents/caregivers were contacted after getting the consent of school headmasters and head teachers of participating classes.

A code-decode system was used to identify participants at acute suicidal risk based on a structured diagnostic interview (see below); these participants were referred to the specialized health care system.



Participants and Data Collection

Adolescents between the ages of 13 and 18 were recruited from both clinical and non-clinical settings. The clinical group was recruited from the acute adolescent inpatient department of Vadaskert Child and Adolescent Psychiatric Hospital and Outpatient Clinic, Budapest, Hungary between 25.02.2015 and 09.05.2016. Participants and their parents in the clinical group were contacted and assessed during their time spent in the hospital.

Participants for the non-clinical group were recruited from state-funded high schools, vocational schools and secondary vocational schools in different districts of Budapest, Hungary between 12.09.2015 and 28.04.2017. In this group, parents were contacted at parent–teacher meetings. Adolescents whose parents consented to participate were then contacted and assessed in classroom settings. Overall, 22 classes of children aged 8–11 were contacted. Out of the 185 adolescents with consent from their parent/caregiver, 10 adolescents did not consent to participate; in 14 cases, the parent or the adolescent had their consent withdrawn or adolescents were not available for data collection despite their prior consent (e.g. adolescent was repeatedly absent or has dropped out of school during data collection).

In both groups, exclusion criteria were conditions preventing the completion of self-administered questionnaires (lack of sufficient Hungarian language skills, serious psychiatric states or mental retardation).



Measurements

Demographic variables, including age and gender, were assessed with a demographic questionnaire developed for the study. This questionnaire was filled out by the parents.

Suicidal behavior was assessed with the Hungarian version of the Mini International Neuropsychiatric Interview Kid (MINI Kid) 2.0 (45–48), a structured diagnostic interview designed for the assessment of major child/adolescent psychiatric disorders. With the suicide module of the interview, both lifetime and current suicidal behavior can be measured. A weighted score belongs to each of the questions of the module, and the total score of the questions answered with a “yes” indicates the level of suicidal risk. Lifetime suicidal behavior is assessed with the following questions: “Have you ever felt so bad that you wished you were dead (score: 1)? Have you ever tried to hurt yourself (score: 2)? Have you ever tried to kill yourself (score: 4)?” Current suicidal behavior is assessed with the questions: “In the past month did you: …wish you were dead (score: 1)? …want to hurt yourself (score: 2)?…think about killing yourself (score: 6)? …think of a way to kill yourself (score: 10)? …attempt suicide (score: 10)?” Scores from 1–5 indicate low suicidal risk, scores from 6–8 indicate moderate risk, and scores of 10+ indicate a high suicidal risk. The interviewer posed the questions of the MINI Kid to the adolescent. The MINI Kid was administered by trained and supervised interviewers.

NSSI was measured with the Deliberate Self-Harm Inventory (DSHI) (49). The DSHI is a behaviorally based, self-administered questionnaire that assesses 16 different methods of NSSI (cutting; burning with cigarette; burning with lighter or match; carving words into skin; carving pictures into skin; severe scratching; biting; rubbing sandpaper on skin; dripping acid on skin; using bleach or oven cleaner to scrub skin; sticking pins, needles or staples into skin; rubbing glass into skin; breaking bones; banging head; punching self; interference with wound healing). The questionnaire offers an “other” option to report NSSI forms not listed in the questionnaire (49).

Life events were measured with the self-administered Life Events List, which was developed for the Saving and Empowering Young Lives in Europe (SEYLE) study based on former literature on life events (24, 50). The questionnaire lists 27 minor and major life events for participants to indicate whether the events were experienced during the six months prior to assessment or not, and offers a 28th item, as “other life event”, to indicate events other than the listed items.



Statistical Analyses

Data were analyzed using R version 3.6.1. (51). The suicidal behavior variable was calculated based on the number of symptoms reported in the MINI Kid, and this number of suicidal behavior symptoms was weighted with scores of suicide risk severity in MINI Kid. The number of NSSI methods was calculated as the sum of NSSI methods reported in the DSHI (49). Life events were calculated as a sum of 27 life events, excluding item 28 (“Other”). Group was a dichotomous variable (0 = non-clinical, 1 = clinical). Descriptive statistics are reported.

Before estimating the models, the factor structure of the suicidal behavior and self-harm scales were confirmed by factor analysis using the lavaan package (52). Since the items in both scales had only two levels, a diagonally weighted least squares (DWLS) estimator was used in the models (53). To guarantee an acceptable level of model fit, five out of the seven fit measures listed below had to be in the acceptable range (see Table 1 in the Supplementary Material). Afterwards, normality of the number of life events, the suicidal behavior weighted sum and the sum of self-harm variables were assessed by separate Shapiro–Wilk tests. Due to normality violations, Wilcoxon tests were used to test differences in suicide, NSSI and life event measures between the clinical and non-clinical groups.

Spearman’s rank correlations between suicide and NSSI with a 95% confidence interval were used to compare the magnitude of the relationship in non-clinical and clinical groups. To estimate whether life events have stronger effect on the NSSI–suicidal behavior relationship in the non-clinical than in the clinical group, we estimated generalized linear models (GLM). The dependent variable was the number of suicidal thoughts and behavior weighted with the suicidal risk presented in the MINI scale. Thus, although the dependent variable is a weighted sum, it still can be treated as a count variable. Consequently, we estimated Poisson regressions, and, in case of overdispersion, we used negative binomial models because ignoring overdispersion can lead to too narrow confidence intervals, inflating the rates of false positives in statistical tests (54). The estimated effect sizes reported in the tables are incident rate ratios (IRR), indicating the percentage change in the dependent variable in response to a one-unit change in the explanatory variable. Similarly to linear regressions, significant interaction effect means an impact over and beyond the main effects.

The distribution of the dependent variable displays an excess number of zeros (indicating the lack of any suicidal behavior for the majority of the participants). It is plausible to assume that distinct processes underlie suicidal behavior and the lack of suicidal behavior. In other words, the large number of zeros is not due to “sampling zeros” (meaning that the sampling variation determines the number of zeros, hence an increase in the mean of suicidal behavior would lead to a lower number of zeros), but due to “structural zeros” (55). This structural zero component (the fact that non-suicidality is not the same as an extremely low level of suicidal behavior) requires estimating zero-inflation parameters: otherwise, the model could yield in biased parameter estimates (56).

To take into consideration potential problems concerning both overdispersion and zero-inflation, as well as to check the model diagnostics based on simulated scaled residuals, we used the glmmTMB package (57) along with the DHARMa package (58). First, we estimated a model with the weighted sum of suicidal behavior as the dependent variable, group membership, number of life events, and number of NSSI methods, and all two- and three-way interactions between them as independent variables.

Regarding life events, beyond the sum of the life events, we created additional explanatory variables to explore the effect of type of stressful life events. Based on the work of Nilsson and colleagues (59) and Zetterqvist and colleagues (42), we sorted life events into three groups: interpersonal, non-interpersonal and adverse childhood circumstances. Seven items were considered interpersonal (such as trouble with parents, breakup with girlfriend/boyfriend), 13 items were considered non-interpersonal (such as failing at an important exam, death of pet), and 8 items were considered adverse childhood circumstances (such as divorce between parents, going to jail) (for all items, see Table 2 in Supplementary Material). Items that could not be matched with any of the items used by Nilsson and colleagues (59) were categorized according to the general classification of life events: events directly linked to an intimate relationship, close friendships, social life and family relationships were considered interpersonal; events linked to academic life, work, financial, personal health and family members’ health were considered as non-interpersonal; and more longstanding, chronic adverse circumstances were considered adverse childhood circumstances (60–62).




Results


Sample

Altogether 363 adolescents were involved in the study, 202 of whom (103 girls; 51%) belong to the clinical sample and 161 (80 girls; 50%) of whom belong to the non-clinical sample. For the whole study population, mean age was 15.12 years (SD = 1.31); in the non-clinical population, the mean age was 15.43 years (SD = 1.14); and in the clinical sample, the mean age was 14.87 years (SD = 1.39) (t(360) = 4.1, p < .001). From the clinical group, 107 adolescents (53.0%) reported NSSI, while 38 (23.6%) had NSSI from the non-clinical group. Data were missing for 21 participants (for most of the NSSI and stressful life events items), so they were dropped from the database. The final sample consisted of 201 clinical and 141 non-clinical participants.



Descriptive Statistics and Reliabilities of Study Variables

Results of the confirmatory factor analysis showed excellent fit for both suicidal behavior and NSSI inventories (see Table 1 in the Supplementary Material). Normality was explored by the Shapiro–Wilk test. Results show that the distribution of suicidal behavior (W =.64, p < .001), NSSI (W =.66, p < .001), as well as life events (W =.91, p < .001) violates the normality assumption. Consequently, differences between clinical and non-clinical groups in suicidal behavior, NSSI and life events were tested with Wilcoxon tests. Table 1 shows the descriptive statistics related to suicidal behavior, NSSI and life events.


Table 1 | Descriptive statistics of non-clinical and clinical groups.





Results of the Statistical Analyses

We found a significant difference related to suicidal behavior W = 7,306, p < .001, NSSI W = 9,652, p < .001, and life events W = 10,410 p < .001 between the non-clinical and clinical groups. The prevalence of suicidal behavior, NSSI and life events was significantly higher in the clinical group than in the non-clinical group of adolescents.

As for the prevalence rate of suicidal behavior (dichotomous variable—is there suicide behavior: yes or no), the presence of any suicidal behavior was a significantly higher (n = 133, 66.2%) in the members of the clinical group than in the non-clinical group (n = 36, 25.5%) (χ2(1) = 53, p < .001). More specifically, significantly higher rate of clinical group (n = 95, 47.3%) engaged in recent suicidal behavior than the non-clinical group (n = 18, 12.8%) (χ2(1) = 43, p < .001). Additionally, a significantly higher rate of the of members of the clinical group (n = 128, 63.7%) displayed lifetime suicidal behavior compared to the non-clinical group (n = 35, 24.8%) (χ2(1) = 49 p < .001). Moderate suicide risk was found to be significantly higher in the clinical group (n = 26, 12.9%) than in the non-clinical group (n = 3, 2.13%) (χ2(1) = 11 p < .001). Finally, a significantly higher rate of the rate of members of the clinical group (n = 66, 32.8%) were at high suicidal risk compared to the non-clinical group (n = 8, 5.67%) (χ2(1) = 34 p < .001).

Spearman’s rank correlations with 95% confidence intervals indicate that there is a significant correlation between suicidal behavior and NSSI methods in both groups (non-clinical and clinical). This correlation was significantly stronger in the clinical group (95% CI: [.56,.72]) than in the non-clinical group (95% CI: [.24,.52]). It provides evidence for Hypothesis 1, namely, that NSSI is more strongly associated with suicidal behavior in the clinical group compared to the non-clinical group.

As for the relationship between the number of life events and NSSI methods, the Spearman correlation shows a medium effect size of.38, 95%CI [.28,.46] (63) in the whole sample,.36, CI 95% [.23,.47] in the clinical group, and.31, CI 95% [.16,.46] in the nonclinical group.

After group comparisons, we estimated four regression models. In the following we will highlight the significant effects in the text. We estimated a Poisson GLM with zero-inflation; however, the simulated scaled residuals showed significant overdispersion (ratio of observed vs. simulated residuals: 1.5, p < .001), as well as significant deviation from the assumed distribution (Kolmogorov–Smirnov test D =.17, p < .001) (see Figure 1 in the Supplementary Material). Hence, we re-estimated the model with negative binomial distribution (and zero-inflation), and the diagnostics showed no problems (Kolmogorov–Smirnov test D =.88, p =.34; ratio of observed vs. simulated residuals for dispersion:.88, p =.34; ratio of observed vs. simulated residuals for zero-inflation:.99, p =.93) (see Figure 2 in the Supplementary Material).

In the negative binomial model (Table 2), the main effect of NSSI (χ2(1) = 109.65, p < .001) along with group membership (χ2(1) = 39.13, p < .001) significantly predicted suicidal behavior; however, the main effect of the number of life events did not explain the dependent variable. The interaction between NSSI and number of negative life events (χ2(1) = 10.49, p < .01) was significantly associated with suicidality. This indicates that when NSSI is present, higher number of life events is related to higher chance of suicidality over and beyond the main effect of NSSI. However, in this model, it did not differ by groups. Furthermore, neither the effect of life events nor that of the interaction between life events and NSSI differed across groups. This latter finding means that according to this model, compared to the clinical group, stressful life events do not have a stronger effect on the NSSI–suicidality relationship in the non-clinical group.


Table 2 | Negative binominal regression model: effects of number of life events, group and NSSI on suicidal behavior.



Next, we grouped life events into three categories based on the (59) aforementioned literature and investigated their relationship with suicidality. For non-interpersonal life events, a negative binomial model with zero-inflation showed good fit (Kolmogorov–Smirnov test D =.033, p =.8; ratio of observed vs. simulated residuals for dispersion:.9, p =.4; ratio of observed vs. simulated residuals for zero-inflation: 1, p =.4) (see Figure 3 in the Supplementary Material). Among the predictors, group (χ2(1) = 40.61, p < .001) and NSSI (χ2(1) = 137.43, p < .001) were significant. The main effect of life events did not reach significance (χ2(1) =.05, p =.83), and neither did its interaction with group (χ2(1) =.69, p =.41), nor the three-way interaction (χ2(1) =.01, p =.93) (Table 3).


Table 3 | Negative binominal regression model: effects of non-interpersonal life events, group and NSSI on suicidal behavior.



As for interpersonal life events, the diagnostics were acceptable (Kolmogorov–Smirnov test D =.03, p =.9; ratio of observed vs. simulated residuals for dispersion:.88, p =.3; ratio of observed vs. simulated residuals for zero-inflation: 1, p =.8) (see Figure 4 in the Supplementary Material). Interpersonal life events (IPE) had a significant influence on suicidality (χ2(1) = 5.77, p =.016) just as group (χ2(1) = 39.38, p < .05) and NSSI (χ2(1) = 91.26, p < .001). IPE proved to be a significant moderator of NSSI (χ2(1) = 19.04, p < .001), indicating that when NSSI is present, higher number of interpersonal life events is related to higher chance of suicidality over and beyond the main effect of NSSI and IPE (Table 4).


Table 4 | Negative binominal regression model: effects of interpersonal life events, group and NSSI on suicidal behavior.



Finally, a negative binomial model with zero-inflation for adverse childhood circumstances exhibited a good fit (Kolmogorov–Smirnov test D =.04, p =.7; ratio of observed vs. simulated residuals for dispersion:.9, p =.4; ratio of observed vs. simulated residuals for zero-inflation: 1, p =.4) (see Figure 5 in the Supplementary Material). Neither the main effect of adverse childhood circumstances (χ2(1) =.34, p =.06) nor the interaction with NSSI (χ2(1) = 1.21, p =.27) reached significance (Table 5).


Table 5 | Negative binominal regression model: effects of adverse childhood circumstances, group and NSSI on suicidal behavior.






Discussion

To our knowledge, this study is the first to explore the role of quantity and type of stressful life events in the relationship of NSSI and suicidal behavior in clinical and non-clinical populations of adolescents.

In line with previous findings in the literature, the prevalence of NSSI was significantly higher among psychiatric inpatient adolescents (53.0%) compared to adolescents recruited from heterogeneous educational settings (23.6%). Nevertheless, the lifetime prevalence of NSSI in the non-clinical group was higher in the current sample compared to data on lifetime NSSI prevalence in school samples worldwide (5, 64, 65) and to Hungarian community samples in previous international studies (5, 65), where only high school students were involved. In these previous international comparisons, Hungarian students reported a relatively low prevalence of NSSI with 17.1% according to the SEYLE study (5) and 3.4% for males and 10.3% for females according to the Child & Adolescent Self-harm in Europe (CASE) study (65). Our current results are in line with previous findings, where we found significant differences between high school and vocational school students regarding the prevalence of self-injury in a non-clinical sample of adolescents in Hungary (37). These results call attention to the necessity of including adolescents from various educational settings in both research and prevention projects.

Regarding suicidal behavior, although both lifetime and current suicidal behavior were significantly higher in the clinical group, alarmingly high rates of suicidal behavior were reported in the non-clinical group, as well: a quarter of adolescents reported some level of suicidal behavior (suicidal ideation or attempts) during their lifetime, and more than one-tenth of them did so in the last month prior to assessment. More specifically, moderate suicidal risk was assessed in 2.13% of the adolescents, and 5.67% of adolescents were at high suicidal risk at the time of the assessment. Screening for these adolescents and referring them to the specialized health care system was an important aim of our study.

The high prevalence of both suicidal and nonsuicidal self-injury in the non-clinical group are especially alarming considering possible bias of data collection. Adolescents who were unavailable for inclusion in the study might be at an even more elevated risk: school staff and parents who were unresponsive or refused participation might have a decreased level of involvement, and/or a general rejective attitude towards mental health prevention. Additionally, frequent absence or dropout from school might also indicate the presence of an increased number of risk factors. Thus, the prevalence of self-injurious behaviors in this population might be even higher than reported.

Regarding the relationship between NSSI and suicidal behavior, NSSI proved to be associated with suicide in both groups, and this association was significantly stronger in the clinical than in the non-clinical group. These results are in line with studies that describe NSSI and suicidal behavior as frequently overlapping (11, 14, 15). Previous findings in the literature support both NSSI being a risk factor for suicidal behavior (11) and the presence of third variables behind both NSSI and suicidal behavior (16, 17, 21), and do not discard the idea that individuals who engage in suicidal behavior are at increased risk for NSSI (17). Group differences in particular raise the possible role of mental disorders as mediating variables between the two phenomena, or as third variables behind both NSSI and suicidal behavior. Although individuals who engage in NSSI often report anti-suicidal functions of NSSI (66, 67), according to Kiekens and colleagues, NSSI increases, rather than decreases, the risk of turning suicidal ideation and urges into acts of suicidal behavior (4), underlining the importance of prevention and intervention for those who engage in NSSI.

Another possible third variable can be the presence of stressful life events. In line with previous findings (24, 25), in the present study, the number of life events experienced was associated with NSSI. According to our results, a higher number of life events was correlated with an increased number of NSSI methods in both groups, but had no main effect on suicidal behavior in either of the groups. Nevertheless, for those adolescents who engaged in NSSI, the number of stressful life events proved to be an important factor in also engaging in suicidal behavior. Although when life events were not considered, we found group differences for the NSSI–suicidality association, when we controlled for life events, this relationship was no longer significant. Hence, experiencing life events may be a potential (third) factor behind group differences in both NSSI and suicidal behavior.

(68) When investigating life events based on their type (interpersonal or non-interpersonal events or adverse childhood circumstances), only interpersonal events proved to be associated with both suicidal behavior and had a moderating effect on the NSSI–suicidality relationship. This is in line with previous findings of Zetterquist and colleagues (42) on the role of interpersonal events. The association between interpersonal conflicts and NSSI suggests that these events might be highly triggering for adolescents vulnerable to NSSI, and highlight the role of possible intra- and interpersonal factors contributing to the increased risk of both interpersonal conflicts and NSSI [e.g. difficulties with emotion regulation, an environment that is unresponsive to the adolescent’s needs (1, 10)]. According to Burke and colleagues (36), who found in late adolescent girls that the frequency of lifetime and past year NSSI predicted the occurrence of interpersonal stressful life events at follow-up beyond the effects of initial depressive symptoms, the idea that engagement in NSSI might also contribute to interpersonal life events, should also not be discarded. Besides these life events occurring as specific interpersonal consequences of NSSI (36) (e.g. related to the stigma associated with the behavior), it is also possible that NSSI as a maladaptive mechanism for communicating and coping with interpersonal difficulties might prevent the individual from solving interpersonal conflicts in adaptive ways, thus contributing to interpersonal life events (e.g. serious argument, break-up). According to Joiner’s “interpersonal–psychological theory of suicidal behavior”, serious suicidal behavior will occur when the main predictors of suicidal behavior—thwarted belongingness, perceived budernsomeness, desire for suicide and capacity for suicide (20, 29) co-occur (30). In line with this model, those with co-occurring interpersonal life events (potentially contributing to thwarted belongingness, perceived budernsomeness) and NSSI (potentially contributing to increased capacity for suicide) can be at high risk for suicidal behavior. Our results support the findings of Zetterquist and colleagues (42) on the role of interpersonal events and Muehlenkamp and colleagues on the interpersonal features and functions of NSSI (69), who conclude that besides emotion regulation, treatments should also focus on strengthening interpersonal bonds. When interpreting our results on this issue, it should be considered that the instrument used in the current study focused primarily on stressful, but not on traumatic life events specifically; moreover, only life events in the six months prior to assessment were explored. Thus—although results are controversial about how some adverse childhood events or traumas, for example, childhood sexual abuse contributing to the etiology of NSSI (70), these results do not necessarily conflict with general findings in both clinical and non-clinical samples (71) on the role of several forms of adverse childhood circumstances and maltreatment related to engaging in self-injurious behaviors.

Although clinical and non-clinical groups differed significantly not only in the prevalence of NSSI and suicidal behavior but also in the number of life events reported, the patterns described above of the effects of life events on the NSSI–suicidality relationship did not differ in the two groups. This result can indicate that these patterns might be associated with the aforementioned functions of NSSI being frequent in both clinical and non-clinical populations. When interpreting our results, it should also be considered that some of the life event labels (e.g. new family member, minor violation of law) can cover a wide range of personal experiences. Thus, it is possible that similar answers on the life event list refer to different severities of experiences for participants in the two groups.


Limitations and Future Directions

Our results need to be interpreted with the consideration of the limitations of our study. The cross-sectional nature of our data does not provide information about causality. Despite our efforts to minimize these effects with constant supervision and providing help in understanding the questions, possible bias due to the self-administered questionnaires should also be considered. It is a possible direction for future research to further develop different facets of the life event inventory.

Furthermore, exploring the role of sociodemographic factors (e.g. differences related to gender, socioeconomic status) and the role psychiatric disorders was out of the cope of this study; the possible effects of these phenomena should be further explored in future research.




Conclusions

The high prevalence of NSSI and suicidal behavior in both clinical and non-clinical groups indicates urgent need for prevention and intervention programs not only in clinical settings, but also in secondary education schools, including both vocational and high school education. Our results highlight that prevention and intervention of NSSI is especially important, since the behavior frequently co-occurs with suicidal behavior in both the clinical and non-clinical population. Moreover, targeted prevention should consider focusing on adolescents who experience a high number of life events, since a higher number of these events might co-occur with an increased number of NSSI methods—which, according to several studies, might be a key indicator for NSSI severity (72, 73)—and with engaging in both NSSI and suicidal behavior. Interpersonal life events, such as trouble with parents, a serious argument with a close friend or teacher, and/or a breakup with a partner, are associated with suicidal behavior and moderate the relationship between NSSI and suicidal behavior. To support the prevention and treatment of NSSI and suicidal behavior, the presence of stressful life events in the life of adolescents requires special attention.
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The current study examined the relation between sexual minority status, social support, emotion dysregulation, and suicide attempt in a community sample. A total of 388 community and college adults completed a one-time survey examining self-injury and suicidality. Findings demonstrated that that social support and emotion regulation, independently and in sequence, mediated the relation between sexual minority status and suicide attempt. The reverse mediation model with emotion regulation as the first mediator and social support as the second mediator was also significant. Social support and emotion regulation may both be related and may explain the relation between sexual minority status and suicide attempt. If replicated longitudinally, these findings shed light on specific risk factors and their interrelations, which may have important implications for preventing suicide in sexual minorities.
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Introduction

Across the U.S. population, suicide is the tenth leading cause of death, killing more than 47,000 people in 1 year (1). It has been well-established that sexual minority individuals are at especially high risk for suicidal ideation and behavior as compared to their heterosexual counterparts [e.g., (2–6)]. One meta-analysis found that lesbian, gay, and bisexual (LGB) individuals are over two times more likely to have attempted suicide in their lives compared to heterosexual individuals (5). In a community-based survey of LGB individuals, approximately one in five sexual minority adults were found to have attempted suicide (7). The increased likelihood of sexual minority individuals to attempt suicide is still observed even after controlling for presence of mental disorders (2). Research in this area consistently demonstrates that sexual minority individuals in the United States experience unique risk for suicidal behavior. However, the specific links between sexual minority status and suicide outcomes remain unclear.

Several theoretical models have attempted to explain disparities in negative mental health outcomes such as suicidal behavior. One such model is Minority Stress Theory, which posits that stressors unique to sexual minority individuals may help to explain elevated mental health disparities (8, 9). Existing research has illuminated possible minority stress processes that may contribute to suicidal ideation or behavior (10, 11). One minority stressor relevant to suicide is degree of social support. The widely researched Interpersonal Theory of Suicide (IPT) posits that suicide risk is best attributed to three main components: perceived burdensomeness, low sense of belongingness, and acquired ability to enact lethal self-injury (12). This theory takes an interpersonal approach toward understanding suicide and suggests that social alienation, or lack of social support, confers greater risk for suicide. With regards to sexual minorities, there is ample support for the role of social support and relational constructs. One study examining minority stress theory and IPT found that thwarted belongingness and perceived burdensomeness both explain suicide risk in sexual minority adults in Bavaria (13). Conversely, social support and social connectedness may serve as a protective factor against suicide (14, 15). In particular, social support has been found to mediate the relation between sexual orientation and treatment for mental disorders (16). Taken together, social support, or lack thereof, may be a stressor or resilience factor unique to sexual minorities that may help explain disparities in suicidality.

A growing body of research has also focused on psychological risk factors that may explain suicide risk disparities in sexual minorities. Hatzenbuehler (17) suggested that minority stressors increase a sexual minority individual’s risk for mental health problems by impairing their emotion regulation, interpersonal effectiveness, or cognitive processes. Existing research suggests that emotion regulation, shame, and depression help to explain some of the mental health disparities that sexual minority individuals experience (18–22). One risk factor that is especially relevant to suicidality is maladaptive emotion regulation, the “conscious and nonconscious strategies [people] use to increase, maintain, or decrease one or more components of an emotional response” (23). Emotion regulation deficits have been identified as a key transdiagnostic factor for a variety of mental health outcomes, including suicide (24). This is evident in that a large proportion of individuals seeking psychological help have difficulty managing emotional experiences (24, 25). Poor emotion regulation is frequently considered an underlying mechanism across several psychiatric diagnoses because it provides temporary relief yet prevents an individual from coping and problem-solving effectively. Several theorists have proposed that suicidal behavior, including suicide attempts, may be a maladaptive emotion regulation strategy that an individual uses to reduce intense negative emotion [e.g., (26–30)]. Existing treatments for suicidality target emotion regulation strategies as a proposed mechanism of change. Therefore, suicide attempts may reflect a manifestation of underlying emotion dysregulation.

Emotion dysregulation may be especially important in sexual minority individuals compared to heterosexuals for several reasons. First, sexual minority individuals learn from society that their same-gender feelings are invalid, resulting in mistrust of their emotional experiences (31). Second, they may also feel increased pressure to hide emotional experiences that are “too gay” or do not conform to their expected roles (31). Multiple studies have demonstrated that sexual minorities individuals who defy traditional gender roles are at particular risk for internalized stigma, victimization, and discrimination, as well as worse psychosocial adjustment (32–34). As a result of societal invalidation, sexual minority individuals may be more likely to experience mistrust of their emotion experiences as well as pressure to hide their internal experiences.

Various research studies have found an effect of invalidating environment on emotion regulation difficulties [e.g., (35)]. Some preliminary research has examined the role of emotion regulation difficulties in explaining the link between minority stress and mental health outcomes. These studies suggest that emotion regulation difficulties mediate the relationship between minority stress and depression and anxiety (18, 36, 37). However, no study to date has examined whether emotion regulation difficulties mediate the relationship between minority stress and suicidal behavior.

While the literature consistently demonstrates that sexual minority populations are at increased risk for suicidal behavior, it is limited in a number of ways. First, most studies examining suicidal behaviors in sexual minorities have focused on youth and young adults while potentially overlooking the experiences of other adults, who may have experienced varying degrees of cultural stigma. Second, few studies have empirically examined mediators of the relationship between sexual minority status and suicidal behavior, despite research highlighting the relevance of social support and emotion regulation as risk factors. More research is needed to elucidate the relationship between sexual minority status and suicide attempt. Third, most research on suicide risk in sexual minorities has only included individuals who actively identify as LGB. However, sexual minority status and identity include multiple distinct dimensions: sexual orientation, sexual attraction, and sexual behavior. Research demonstrates that individuals often report discordance between the three dimensions (38). For example, an individual may identify as heterosexual but still report same-gender attraction and/or sexual behavior. Therefore, sexual minorities who do not identify as sexual minorities are not often included in existing research.

To address these gaps, the present study examined sexual minority status, social support, emotion regulation, and suicide attempt in a large sample of adults from both the community and college settings. We explored the following questions: a) is sexual minority status related to increased likelihood of having attempted suicide? b) does degree of social support mediate the relation between sexual minority status and suicide attempt? c) does emotion regulation mediate the relation between sexual minority status and suicide attempt? and d) do the two mediators work in sequence? Hypotheses were as follows: 1) sexual minority status would be associated with greater likelihood of suicide attempt, 2) degree of social support would independently mediate the relation between sexual minority status and suicide attempt, 3) emotion regulation would independently mediate the relation between sexual minority status and suicide attempt, and 4) social support and emotion regulation, in sequence, would mediate the association between sexual minority status and suicide attempt.



Methods


Participants

Participants consisted of 388 adults recruited both in-person (N = 216) and online (N = 172) for a study examining self-injury and suicidality in sexual minorities. The in-person sample included adults who explicitly identified as heterosexual (N = 105) and adults who explicitly identified as a sexual minority (N = 111). All samples were combined in the present study due to similar methods and measures utilized, and to ensure that there was a wide range of responses available for comparison purposes between heterosexual and sexual minority participants.

Participants responded to announcements and messages specialized toward sexual minorities and individuals interested in participating in psychology tasks, and recruitment materials did not mention self-injury or suicidality. Participants were 18–64 years old (M = 25.41, SD = 9.36). Of the 388 participants, 78% (n = 303) were sexual minorities and 22% (n = 85) were exclusively heterosexual. Sexual minority individuals included those who endorsed non-heterosexual identity, attraction, and/or behavior. Of sexual minorities, 84% reported non-heterosexual sexual orientation (n = 256), 95% reported same-gender sexual attraction (n = 291), and 77% reported same-gender sexual behavior in their lifetime (n = 232). Ninety-one percent of the sample was cisgender (n = 356).Other demographics are reported in Table 1.


Table 1 | Description of sample demographics (N = 388).





Procedures

For the in-person subsample, sexual minority individuals were recruited through flyers and advertisements in the Piscataway, New Jersey area as well as through the Rutgers University Human Subjects Pool, and heterosexual participants were recruited through the Rutgers Humans Subjects Pool. The online study sample consisted exclusively of sexual minority participants recruited via Amazon Mechanical Turk (MTurk: www.mturk.com), an online venue where individuals can participate in online opportunities for nominal payments (39). Sample demographics from mTurk have been demonstrated to be at least as representative and diverse as conventional samples (Amazon.com) and use of mTurk allowed for the recruitment of older sexual minority individuals. This platform has previously been used as a valid method in the study of suicidality and other mental health issues [e.g., (40)], as well as in studying sexual minority individuals [e.g., (41)]. A prescreen questionnaire confirmed participant age and sexual orientation before completing any study procedures. To ensure data quality, attention checks were used in the survey (e.g., “If you are paying attention, select ‘1—Never’ for your answer”). Of 1,287 people who responded to the study’s post on MTurk, 742 completed the prescreening questionnaire and 249 were eligible. Of the 249 who were eligible, 214 completed consent. Of these 214 participants, 172 completed study procedures, 20 chose to stop participation, and 22 failed attention checks.

All participants completed a one-time 30-min battery of self-report questionnaires, which included a variety of mental health-related and LGBQ-related indices. All participants completed the same questions assessing sexual identity, sexual attraction, and sexual behavior. The study survey was hosted on Qualtrics, a HIPAA-compliant data collection platform. Data entered on Qualtrics were not tied to any identifying information. As compensation for study participation, in-person sexual minority participants received $15, in-person student participants received course credit, and online sexual minority participants received $1 through MTurk. Compensation amounts were commensurate with what is typically offered on the respective platforms. This study was approved by the Institutional Review Board at [University].



Measures


Sexual Minority Status

Sexual orientation information was assessed using questions recommended in the literature (42–44). Three dimensions of sexual minority status were assessed: current sexual orientation identification (“How do you identify?”), current attraction (“Are you sexually attracted to or aroused by:”), and lifetime sexual behavior (“With whom have you had sexual experiences in your lifetime)?. Participants were designated as sexual minorities if they endorsed non-heterosexual identity, attraction, and/or behavior.



Social Support

The Multidimensional Scale of Perceived Social Support (MSPSS; 45) is a 12-item measure of perceived social support in a variety of social domains, including family (e.g., “My family really tries to help me”), friendships (e.g., “I can count on my friends when things go wrong”), and significant others (e.g., “I have a special person who is a real source of comfort to me.”). The MSPSS has demonstrated good test-retest reliability, validity, and internal reliability (46). The current study utilized the total score rather than specific subscales, which demonstrated good internal reliability in our sample (α = 0.90).



Emotion Regulation

The Difficulties with Emotion Regulation Scale (DERS) was used to assess problems with emotion regulation across six domains: nonacceptance of emotional responses, difficulties engaging in goal-directed behavior, impulse control difficulties, lack of emotion awareness, limited access to emotion regulation strategies, and lack of emotion clarity. Examples of items include “I know exactly how I am feeling,” and “When I am upset, I feel out of control.” The DERS has been shown to have good internal consistency, validity, and test-retest reliability (47). The DERS demonstrated excellent reliability in our sample (α = 0.96).



Suicide Attempt

Lifetime history of suicide attempt was assessed using a single item asking, “Have you ever in your life hurt yourself on purpose with the hope that you would die as a result?” Response options included “yes” or “no.” Research has demonstrated that individuals are as willing to disclose suicidal behavior on self-report as compared to in a clinical interview (48). Lifetime suicide attempt has been assessed using one item in past studies [e.g., (49)].




Data Analysis

First, we calculated correlations between all variables of interest to ensure that variables were related to one another in the expected directions. Correlations were corrected for multiple comparisons using the false discovery rate (FDR) correction to reduce the possibility of Type I errors (50). Next, we investigated whether social support and emotion regulation each independently mediated the effect of sexual minority status on lifetime suicide attempt. Serial mediation analyses were conducted as outlined by Preacher and Hayes (51) using SPSS Statistics 23 and the PROCESS macro. Specifically, we examined the total effect of sexual minority status on lifetime suicide attempt (c path in Figures 1 and 2), the relationship between sexual minority status (a paths), the effect of each mediator, social support or emotion regulation, on suicide attempt (b paths), the effect of social support on emotion regulation (d path), and the direct effect of sexual minority status on lifetime suicide attempt after adding the mediators to the model in sequence (c’ path). The indirect effect of sexual minority status on suicide attempt was tested using bootstrapping procedures, which make fewer assumptions about the sampling distribution. This procedure involves computing unstandardized indirect effects for each of 5,000 bootstrapped samples and calculating the 95% confidence interval (52). In order to examine the directionality of our effects, we also tested the reverse serial mediation model with emotion regulation as the first mediator and social support as the second. All analyses were re-run with gender and sampling method (online vs. in-person) as covariates to ensure that these variables were not driving effects. We also checked whether sampling method moderated effects.




Results


Preliminary Analyses

Table 2 presents pairwise Pearson correlations (two-tailed), means, standard deviations, ranges, and normality estimates for the study variables (sexual minority status, social support, emotion regulation, and attempts). All correlations reported are false discovery rate—corrected for multiple comparisons. As shown in Table 2, sexual minority status was positively correlated with presence of suicide attempt and emotion dysregulation and negatively correlated with social support. Presence of suicide attempt was positively related to emotion dysregulation and inversely related to social support. Emotion dysregulation was inversely related to social support.


Table 2 | Pearson’s and point-biserial correlations, means, standard deviations, ranges, and normality estimates for study variables.





Serial Mediation Analyses

Serial mediation analyses are summarized in Figures 1 and 2. We first demonstrated that sexual minority status was associated with greater likelihood of previous suicide attempt (b = 1.74, SE =.48, OR = 5.71, p < .001). The odds of lifetime suicide attempt increased by 63% for sexual minority individuals. Results also indicated that sexual minority status was a significant predictor of social support [b = -.62, SE =.12, t(382) = -5.13, p < .001] and emotion dysregulation [b=7.65, SE=2.82, t(381)=2.82, p < .01]. The direct effect of social support as the first mediating variable on the second mediating variable of emotion regulation was at the significant level [b=-6.91, SE=1.15, t(381)=-6.00, p < .001]. A review of the direct effects of mediating variables on suicide attempt showed that the effects of social support (b= -.32, SE=.14, Z=-2.31, p=.02, OR=.73) and emotion dysregulation (b=.02, SE=.01, Z=3.92, p < .001; OR = 1.03) were significant. These findings indicated that the odds of a suicide attempt being reported decreased by approximately 27% per unit increase in social support and increased by approximately 3% per unit increase in emotion dysregulation. When sexual minority status and all mediating variables were simultaneously entered into the equation, the relation between sexual minority status and suicide attempt was still significant (b = 1.37, SE =.50, Z = 7.53, p < .01; OR = 3.92). With both mediators included in the model in sequence, the odds of lifetime suicide attempt almost tripled for sexual minority individuals. The indirect effects tested using a bootstrap estimation approach with 5,000 samples were significant for the first mediator [Social Support indirect b =.50, SE =.14, 95% confidence interval (CI) =.26,.82], second mediator [Emotion Regulation indirect b =.20, SE =.09, 95% confidence interval (CI) =.05,.39], and both mediators in sequence [b =.11, SE =.05, 95% confidence interval (CI) =.04,.20].




Figure 1 | Social support and emotion dysregulation in sequence mediated the relationship between sexual minority status and suicide attempt. After adding the mediators, there is a significant indirect effect of sexual minority status on suicide attempt. The coefficients shown above are unstandardized. *Significant at the.05 level (2-tailed). **Significant at the.01 level (2-tailed). ***Significant at the.001 level (2-tailed).






Figure 2 | Emotion dysregulation and social support in sequence mediated the relationship between sexual minority status and suicide attempt. After adding the mediators, there is a significant indirect effect of sexual minority status on suicide attempt. The coefficients shown above are unstandardized. *Significant at the.05 level (2-tailed). **Significant at the.01 level (2-tailed). ***Significant at the.001 level (2-tailed).



For the reverse mediation model, sexual minority status was a significant predictor of emotion dysregulation [b = 11.94, SE = 2.85, t(384) = 4.19, p < .001] and social support [b = -.47, SE =.12, t(384) = -3.99, p < .001]. The direct effect of emotion regulation on social support was at the significant level [b = -.01, SE =.002, t(384) = -6.00, p < .001]. The direct effects of the mediating variables, emotion dysregulation (b=.02, SE =.01, Z = 3.93, p < .001, OR = 1.03), and social support (b = -.32, SE =.14, Z = -2.31, p =.02; OR =.73), were both significant. Therefore, the odds of a suicide attempt being reported increased by approximately 3% per unit increase in emotion dysregulation and decreased by approximately 27% per unit increase in social support. When sexual minority status and all mediating variables were simultaneously entered into the equation, the relation between sexual minority status and suicide attempt remained significant (b = 1.37, SE =.50, Z = 2.74, p < .01; OR = 3.92). With both mediators included in the model in sequence, the odds of lifetime suicide attempt almost tripled for sexual minority individuals. The reverse mediation model with emotion regulation as the first mediator and social support as the second mediator was also significant [b =.05, SE =.03, 95% confidence interval (CI) =.004,.10].

To ensure the effects were not a function of gender and sampling, we ran the analyses with these variables with covariates. Findings were unchanged when covariates were entered. Furthermore, moderation analyses in which sampling was examined as a moderator of study independent variables demonstrated that sampling method did not moderate any effects.




Discussion

The current study examined the relationship between sexual minority status, social support, emotion regulation, and history of suicide attempt in a community sample of adults. As hypothesized, sexual minority status was associated with greater likelihood of prior suicide attempt. Sexual minority status was also related to less social support and greater difficulties with emotion regulation. Social support was inversely related to prior suicide attempt, whereas emotion regulation difficulties were directly related to prior suicide attempt. Findings demonstrated that social support and emotion regulation, independently and in sequence, mediated the relationship between sexual minority status and suicide attempt. Contrary to our hypotheses, the reverse mediation model, with emotion regulation as the first mediator and social support as the second, was also significant. These results still held after controlling for gender and sampling method, and sampling method did not moderate effects.

These results demonstrate that social support and emotion regulation may play a role in explaining the relationship between sexual minority status and suicide attempt. This is consistent with previous research. Emotion regulation has been examined as a transdiagnostic factor for various psychopathologies (24) and has been shown to explain the relationship between minority stress and negative mental health outcomes (17). Similarly, interpersonal factors are implicated in both minority stress as well as in theories of development of suicide risk [e.g., (12, 16)]. Our findings support existing literature highlighting the relevance of these factors to both sexual minority status and suicide risk.

Findings from the serial mediation model suggest that social support and emotion regulation may contribute to the relationship between sexual minority status and suicide attempt. Emotion regulation mediated the relation between social support and suicide attempt, while social support mediated the relation between emotion regulation and suicide attempt. These findings suggest that effects between social support and emotion regulation are likely bidirectional. However, based on existing theory and research, poor social support likely leads to poor emotion regulation (17). Based on the psychological mediation framework, psychological risk factors explain the link between minority stress and adverse outcome. It is more likely that individuals first develop emotion regulation difficulties as a result of an unsupportive environment, rather than poor emotion regulation skills destroying the social support network. This study is consistent with the growing body of research suggesting that both minority stressors and psychological risk factors such as emotion dysregulation are relevant to negative mental health outcomes, such as suicide risk. Our findings extend the psychological mediation literature to the less studied outcome of suicide attempt. However, future research should explore trajectories of these various risk factors across time to better understand their interrelations.

The current study has several notable strengths. First, the use of a community-based in addition to convenience sample may be more generalizable than treatment-seeking samples. Second, this study included individuals who are sexual minorities on any of three dimensions of sexual minority status. Most studies typically assess presence or absence of sexual minority status based upon individual’s self-identity. Third, whereas there is a growing body of research on mediators of the relationship between sexual minority status and mental health outcome, few studies have utilized serial mediation models. This methodology allows for better understanding of how mediators are related. Lastly, this study reports on a dataset that has not been reported elsewhere.

It is also important to acknowledge several methodological limitations to the current study. The primary limitation of the study is the use of a cross-sectional sample. While this methodology allowed for a large, diverse sample, it prevents inferences about how variables are causally related as all data were collected at a single time point. It is possible that there were unobserved confounds. Future work would benefit from exploration of the causal relationship between sexual minority status, social support, emotion regulation, and suicide attempt by asking these research questions in a longitudinal design. Although our sample was well powered for simple group comparisons (e.g., minority status), our more advanced analyses, including serial mediation, likely require much higher levels of power (e.g., N > 1,000) to be adequately powered (52). However, because our effect sizes for multiple outcomes were so large, we believe that low power played less of a role in the outcomes of these analyses. Future studies should be sure to replicate the findings of this study with much larger samples, however.

Future work should also assess history of suicidal behavior in a more nuanced way, including examination of behaviors such as suicide gestures, aborted suicide attempts, and preparatory behavior in the absence of a suicide attempt, rather than with a single item indicating presence of past attempt. Additionally, while the current study conceptualized degree of social support as minority stressor, it may be more of a proxy or cause of other minority stressors such as victimization and discrimination. We acknowledge that degree of social support is only one facet of minority stress, and future studies should also examine other minority stressors, such as discrimination, microaggressions, among others. In addition to minority stressors, future work might also examine adherence to traditional gender roles and IPT factors. While this study did not have a large enough sample size to examine these variables in transgender individuals, this may be a worthwhile endeavor as this subgroup experiences unique stressors. Lastly, there has been growing attention in the area of resilience in the study of minority stress (53). Future work should consider resilience in addition to risk and stress.

If replicated in longitudinal design, these findings may have relevant clinical implications. The results suggest that lower emotion dysregulation and greater social support may function as a buffer against suicide attempt, particularly in sexual minority individuals. Therefore, clinicians may benefit from identifying sexual minority individuals with low social support and deficits in emotion regulation as a group at higher risk of suicide. In order to reduce individuals’ suicide risk and increase their general emotion regulation abilities, interventions may focus on increasing social support. Current treatments tailored toward sexual minority individuals, such as cognitive behavioral therapy adapted for sexual minorities, already incorporate interventions that target minority stress and emotion regulation processes [e.g., (54)]. Although longitudinal research is needed to better substantiate the interrelations between these variables, clinicians may want to consider a multi-faceted approach to treatment, which simultaneously addresses social support and emotion regulation processes as a critical point of suicide intervention in sexual minority individuals.
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Introduction

The aim of the present study was to elucidate the foreseeable risk factors for suicidal ideation among Japanese perinatal women.



Methods

This cohort study was conducted in Nagoya, Japan, from July 2012 to March 2018. The Edinburgh Postnatal Depression Scale (EPDS) questionnaire was conducted at four time points: early pregnancy, late pregnancy, 5 days postpartum, and 1 month postpartum. A total of 430 women completed the questionnaires. A logistic regression analysis was performed using the presence of suicidal ideation on the EPDS as an objective variable. The explanatory variables were age, presence of physical or mental disease, smoking and drinking habits, education, hospital types, EPDS total score in early pregnancy, bonding, and quality and amount of social support, as well as the history of major depressive disorder (MDD).



Results

The rate of participants who were suspected of having suicidal ideation at any of the four time points was 11.6% (n=52), with the highest (n=25, 5.8%) at late pregnancy. For suicidal ideation, education level (OR: 1.19; 95% CI: 1.00–1.41; p=0.047), EPDS total points in the pregnancy period (OR: 1.25; 95% CI: 1.16–1.34; p < 0.000), a history of MDD (OR: 2.16; 95% CI: 1.00–4.79; p=0.049), and presence of mental disease (OR: 2.39; 95% CI: 1.00–5.70; p=0.049) were found to be risk factors for suicidal ideation. Age [odds ratio (OR): 0.88; 95% confidence interval (CI): 0.80–0.95; p=.002] and quality of social support (OR: 0.77; 95% CI: 0.60–0.99; p=.041) were found to be protective factors.



Conclusion

Based on these results, effective preventive interventions, such as increasing the quality of social support and confirming the history of depression, should be carried out in pregnant depressive women at the early stage of the perinatal period.





Keywords: major depressive disorder, harm avoidance, postpartum depression, suicidal ideation, self-harm



Introduction

Suicide prevention for expecting mothers is one of the most important problems in the field of perinatal mental health. A previous prospective cohort study reported that suicide was the leading cause of maternal death (8.7 per 100,000 women) in 2004–2015 in Tokyo, Japan (1). Maternal death rates (per 100,000 women) reported in countries other than Japan are as follows: 2.0 in the United States (2), 1.3 in Italy (3), 3.7 in Sweden (4), 5.9 in Finland (5), 2.6 in Canada (6), and 2.5 in the United Kingdom (7). Although the present survey is limited to Tokyo (1), the estimated suicide rate of perinatal women in Japan is higher than that in other countries.

Various psychosocial factors may be involved in maternal suicide. The following risk factors for maternal suicide have been reported: younger age (8, 9), unmarried (9), a history of family suicide, poverty (10), domestic violence (11), a history of abuse (12), racial issues (9, 13), regional isolation (9), anxiety (12, 14), suicidal ideation (15), a history of suicidal attempts (15), unexpected pregnancy (15), fetal and infant death (16), and mental disorders (14, 17, 18) such as major depressive disorder (MDD) (7, 8, 15, 19), bipolar disorder (19), and substance-related disorders (17).

In Japan, although general surveys on suicide have been widely conducted, research focusing on suicide among perinatal women is lacking. According to a Suicide Prevention Survey conducted in Japan in 2016 (20), young women had a high rate of experiencing suicidal ideation and suicide attempts. In that survey, the rates of women who had thoughts of suicidal ideation in their lifetime were reported to be 37.9 and 36.3% among those in their 20s and 30s, respectively, which translates to approximately 400,000 women among the total of 1,300,000 in that age range. In addition, about 200,000 women in their 20s and 30s have been estimated to have attempted suicide within the last year. According to a survey by the Ministry of Health, Labour and Welfare, the total number of suicides in 2018 among women in their 20s and 30s was 1,464 (21). About 40% of people who successfully committed suicide had attempted suicide at some point during their lifetime. Therefore, strategies such as introducing consultants for suicide prevention at a stage within suicidal ideation and providing psychosocial education for suicide prevention are frequently implemented in Japan. The need for similar activities for perinatal women has also been pointed out.

A number of studies have reported risk factors for suicidal ideation among perinatal women in countries other than Japan. A systematic review of 57 articles carried out by Gelaye et al. identified intimate partner violence, < 12 years of education, and MDD as risk factors for antenatal suicidal ideation (22).

A systematic review of 15 published research studies carried out by O'Connor et al. reported that women with a lower socioeconomic background and those who experience intimate partner violence are at increased risk for suicidal ideation (23). Ishida et al. examined the association between mental health problems in pregnant women and those in the postpartum period among 6,538 women aged 15–49 years in Paraguay, and reported that the risk for antenatal suicidal ideation was significantly higher when the pregnancy was unintended (24). They also reported that unintentionally pregnant women who had neither been in a union nor had a child were at a significantly higher risk for suicidal ideation compared with non-pregnant and non-postpartum women (24). Bodnar-Deren et al., who examined postnatal suicidal ideation among 1,073 mothers, reported that race/ethnicity, nativity, insurance, and language were significantly correlated with suicidal ideation at 3 weeks, 3 months, and 6 months postpartum (25). Sit et al. examined the associations between suicidal ideation among 628 depressed postpartum women and the following possible risk factors: experience of abuse as a child or adult, sleep disturbance, and anxiety symptoms (12). Sit et al. indicated that suicidal ideation among mothers was related to childhood physical abuse. They also reported that suicidal ideation among mothers with no history of childhood physical abuse was related to sleep disturbance and anxiety symptoms (12). Gelaye et al. also pointed out the urgent need for innovative approaches to improve the screening and detection of antepartum suicidal ideation, given that a substantial proportion of women with suicidal ideation do not meet the clinical thresholds for depression, and that the stress–diathesis model shows susceptibility to suicidal behavior independent of depressive disorders (22). Identifying the factors that cause suicidal ideation independent of depressive disorders is also desirable in Japan.

However, unfortunately, compared with death resulting from physical problems, suicide has not been emphasized as a reason for maternal death in Japan, and findings contributing to suicide prevention have been scarcely reported. Moreover, since suicide is affected by a country's economic status and cultural background, foreign survey results cannot be generalized to Japan.

We have been conducting a prospective cohort study on perinatal depression since 2004; we have found that approximately 32% of all participants show some depressive symptoms, as assessed by the Edinburgh Postnatal Depression Scale (EPDS) at any one of the following four time points: early pregnancy, late pregnancy, 5 days postpartum, and 1 month postpartum (26). Suicide has typically been strongly associated with a history of suicide attempts, and a strong association has been identified between suicide attempts and suicidal ideation (26).

The aim of the present study was to elucidate the foreseeable risk factors for suicidal ideation among perinatal women from the previous report to promote more effective suicide prevention measures.



Method


Design

The data in the present study were extracted from a prospective cohort study conducted in Nagoya, Japan from July 2012 to March 2018.



Participants

Participants were recruited during early pregnancy in a maternity class for psychological education about pregnancy and birth at individual facilities. This maternity class was provided by medical staffs for the prevention and early detection of postpartum depression and other mental disorders. At the end of the program, the study protocol was introduced, and applicants were invited to participate voluntarily in the study.

The following four hospitals participated in this prospective cohort study: one general hospital (Nagoya Teishin Hospital), two obstetrics and gynecology hospitals (Kaseki Hospital and Royal Bell Clinic), and one university hospital (Nagoya University Hospital). In Japan, obstetrics and gynecology hospitals mainly treat uncomplicated pregnant women. Pregnant women with complications are usually introduced into general or university hospitals. Perinatal women with severe complications are followed up at university hospitals, and scheduled hospitalization for birth is often performed. By contrast, general hospitals with a neonatal intensive care unit deal with emergency births.

The eligibility criteria were as follows: 1) pregnant female aged ≥20 years, 2) ability to read and write Japanese, 3) attended a gynecological checkup at one of the four hospitals.



Ethical Considerations

This study was approved by the ethics committees of Nagoya University Hospital. All study procedures were conducted in accordance with the Declaration of Helsinki and other relevant ethical guidelines. Written informed consent for participation was obtained from all participants.



Measurements

As shown in Figure 1, the participants' psychosocial backgrounds were evaluated at early pregnancy using a self-administered questionnaire with the following items: age, presence of physical and/or mental disease, smoking and drinking habits, years of schooling, number of childbirths, hospital types, bonding as assessed by the Mother–Infant Bonding Questionnaire (MIBQ), quality and amount of social support as assessed by the Japanese version of the Social Support Questionnaire (J-SSQ), and the presence of past depression from the Inventory to Diagnose Depression, Lifetime version (IDDL). In addition, the participants were asked to complete the EPDS at the following four time points: 1) early pregnancy, 2) late pregnancy, 3) 5 days postpartum, and 4) 1 month postpartum.




Figure 1 | Flowchart of the study.



The presence or absence of physical and/or mental disease was obtained from the participants using the questionnaire. When the participants answered “present,” they were asked to provide further details, i.e., what kind of diseases they were suffering from. As for smoking and drinking habits, the participants were asked whether these habits were present or absent. When the participants answered “present,” they were also asked to provide further details, i.e., changes in frequency and volume before and after pregnancy. The hospital types were determined whether the hospital has a Neonatal Intensive Care Unit (NICU).


Edinburgh Postnatal Depression Scale

The EPDS is a self-administered questionnaire designed by Cox et al. in 1987 (27) to screen for postpartum depression. It is composed of 10 items scored on a four-point Likert scale. In our cohort study, we clarified that the Japanese version of the EPDS, which was established by Okano et al. in 1996 (28), had a three-factor structure of depression, anxiety, and anhedonia (29, 30). We adopted the evaluation of suicidal ideation based on previous reports (8, 12, 31). Participants who had a score of ≥2 on the 10th item of the EPDS during at least one of the four periods were classified into the suicidal ideation group; the remaining participants were classified into the healthy group. Howard et al. (8) examined the validity of evaluating suicidal ideation using the 10th item of the EPDS in a study involving 4,150 women at 6 weeks postpartum. In their study, the definition of suicidal ideation for the 10th item of the EPDS (a score of ≥2) was compared with that used in the Clinical Interview Schedule-Revised (CIS-R) (≥2 of five items on the CIS-R suicidal ideation measurement) (32). As a result, 79% of the participants who were classified as having suicidal ideation using the CIS-R were found to have a score of ≥2 on the 10th item of the EPDS, and a moderate kappa statistic value of 0.42 was observed between these two variables. It should be noted that the CIS-R has been validated across cultures and is widely used for the assessment of common mental disorders (33, 34).



Inventory to Diagnose Depression, Lifetime Version

The IDDL is a self-administered questionnaire that assesses the history of MDD in accordance with the Diagnostic and Statistical Manual of Mental Disorders (DSM)-III (35). The IDDL is composed of 22 items scored on a five-point Likert scale. A score of ≥3 indicates having a specific symptom for items 5 and 6, while a score of ≥2 indicates having a specific symptom for the remaining 20 items. All 22 items on the IDDL are classified into two major and seven other symptoms according to the DSM-III criteria for MDD. If one of the items indicating each symptom is over the cutoff score, the symptom is judged to be present. The criteria for having a history of MDD were as follows: 1) having the cutoff score or higher for five or more of the 22 items, and 2) these items contain one or more items of the two major symptoms. The sensitivity and specificity of the IDDL are 74 and 93%, respectively (35). The sensitivity and specificity of the Japanese version of the IDDL used in the present study, which was validated by Uehara et al., are 83 and 97%, respectively (36).



Japanese Version of the Social Support Questionnaire

The 12-item Social Support Questionnaire (SSQ-12) was developed to assess social support using a total of 12 questions for number and satisfaction subscales (37). The SSQ-12 is composed of six items for satisfaction level scored on a six-point Likert scale, and six items for the amount of social support. The SSQ-12 is a revised and shortened version of the original SSQ (38), which was composed of 27 items. The Japanese version of the SSQ-12 used in the present study was validated by Furukawa et al. (39).



Mother–Infant Bonding Questionnaire

Maternal positive feeling to their infant was called bonding. The MIBQ was developed to assess maternal bonding. It is composed of nine items rated on a four-point Likert scale (40). Higher scores mean a stronger negative feeling toward a child. We validated the Japanese version of the MIBQ in a previous cohort study (41). Prepartum negative feeling to the fetus as called bonding failure have been reported to predict postpartum negative feeling to the infant (42). Further, mothers with high suicidality have been reported to be less sensitive and responsive to their infants' cues (43). Therefore, bonding during pregnancy was evaluated.




Statistical Analyses

With the presence or absence of suicidal ideation as an objective variable, this study was carried out using a logistic regression model with a forward selection procedure. The explanatory variables were: age, presence or absence of physical and/or mental disease, smoking and drinking habits, family income, years of schooling, EPDS total score in early pregnancy, bonding as assessed by the MIBQ, quality and amount of social support as assessed by the J-SSQ, and the presence of past depression as assessed by the IDDL. Listwise deletion methods were performed for missing values. The variance inflation factor (VIF) was calculated to evaluate multicollinearity. These explanatory variables were compared between groups based on the presence or absence of suicidal ideation. All statistical analyses were performed using IBM SPSS version 26.0 (IBM Japan, Tokyo, Japan.).




Results

Of 457 participants enrolled at early pregnancy [mean (M): 5.3 months, SD: 1.6 months] in the present study, 430 perinatal women were finally included in the analysis. The mean age of the participants was 33.0 years [standard deviation (SD): 4.7 years]. The mean years of schooling was 15.0 (SD: 2.0). The rates of nulliparous, primiparous, and those who had given birth two or three times were 81.8, 15.8, 2.0, and 0.5%, respectively. The current drinking and smoking rates were 9.8 and 2.8%, respectively. The prevalences of mental and physical disorders were 16.2 and 38.9%, respectively. The rate of participants who were suspected of having suicidal ideation at any of four time points was 13.0% (5.5, 5.8, 2.3, and 4.4% at early pregnancy, late pregnancy, 5 days postpartum, and 1 month postpartum, respectively). The mean EPDS total scores at early pregnancy, late pregnancy, 5 days postpartum, and 1 month postpartum were 5.3 (SD: 5.0; range: 0–29), 4.9 (SD: 4.8; range: 0–30), 5.5 (SD: 4.9; range: 0–26), and 5.8 (SD: 5.2; range: 0–25), respectively. The mean IDDL total score was 30.4 (SD: 16.8; range: 0–81). The ratio of participants who were suspected of having a history of MDD based on the IDDL was 29.5% (n=127). The mean MIBQ total score was 3.5 (SD: 3.5; range: 0–17). The mean amount and quality of social support according to the J-SSQ were 3.8 (SD: 2.1; range: 0–16) and 4.8 (SD: 1.4; range: 0–6), respectively. A comparison between the two groups divided by the presence or absence of suicidal ideation is shown in Table 1.


Table 1 | Comparison between groups (n=430) by presence or absence of suicidal ideation.



No explanatory variable was excluded because the VIF was <5. As shown in Table 2, education level (OR: 1.19; 95% CI: 1.00–1.41; p=0.047), EPDS total points in the pregnancy period (OR: 1.25; 95% CI: 1.16–1.34; p < 0.000), a history of MDD (OR: 2.16; 95% CI: 1.00–4.79; p=0.049), and presence of mental disease (OR: 2.39; 95% CI: 1.00–5.70; p=0.049) were found to be risk factors for suicidal ideation. Age [odds ratio (OR): 0.88; 95% confidence interval (CI): 0.80–0.95; p=.002] and quality of social support (OR: 0.77; 95% CI: 0.60–0.99; p=.041) were found to be protective factors.


Table 2 | Forward stepwise logistic regression models.





Discussion

The present study investigated the risk factors for suicidal ideation among perinatal women in Japan. The results indicated that higher education, more severe depressive symptoms in early pregnancy, a history of MDD, and presence of mental disease were significant risk factors, and that age and social support were significant protective factors.

Since the rate of suicidal ideation in early and late pregnancy was high, early intervention from the prenatal period is important. In the present study, the most important risk factors for suicidal ideation in the perinatal period in Japan were current and previous depressive symptoms.

In previous studies, age (8, 44) and social support (45) were reported to be protective factors that reduce suicidal ideation in pregnant women. However, since other confounding factors, such as economic status and unwanted pregnancies, may exist in the background, future research is needed to identify the exact role of these factors.

Meanwhile, in contrast to the present results, an association has been reported between fewer years of education and a higher rate of maternal suicide (46). In Japan, highly educated women are often forced to leave their jobs after childbirth because they cannot receive sufficient support to balance work and childbearing. The present results may reflect this situation.

This study had several limitations. First, it could have involved a selection bias because individuals who did not have any interest in mental health or a history of depressive illness may not have responded to the questionnaire, and therefore, would have been excluded from the analysis. In fact, the rate of participants who had a history of MDD as measured by the IDDL was quite high compared with previous reports (35, 36). Second, information regarding the presence or absence of mental illness was obtained from the questionnaire responses. Third, the definition of suicidal ideation in this study was based on that used in previous reports, as opposed to clinical diagnostic interviews by psychiatrists; such interviews should be conducted in future research.

In the present study, the rate of perinatal suicidal ideation was 13.0%. To our knowledge, this is the first study to investigate the rate of perinatal suicidal ideation in Japan. In previous reports from overseas, the rate of suicidal ideation during pregnancy has ranged from 2.6 to 22.8% (47–49), and that during the postpartum period from 6.16 to 14% (19, 49). The present result regarding the rate of perinatal suicidal ideation of 11.6% is within the range of these previous reports. This rate can vary greatly depending on the country, cultural differences, and evaluation methods. Since pregnancy and childbirth are not protective factors for suicidal ideation, further research is needed to help prevent suicide in perinatal women.

Based on the results of this study, effective preventive interventions, such as increasing the quality of social support and confirming the history of depression, should be carried out in pregnant depressive women at the early stage of the perinatal period.
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Although there is extensive research indicating the vital role of functional emotion regulation (ER) in healthy psychological development, such research has neglected examination of adolescents. One potential reason for this neglect is the lack of valid ER instruments developed specifically for adolescents. Further, the available ER instruments for adolescents usually require elaborate forms of cognitive reasoning about the internal sequences of cognitions and emotions. To address these limitations, we developed the Adolescents’ Emotion Regulation Strategies Questionnaire (AERSQ), a self-report instrument of adolescents’ commonly used ER strategies in daily life and examined its psychometric characteristics in a 10-year, three-wave cohort of Swedish youths (original N = 991, mean age = 13.7, 14.8, and 25.3 at waves 1, 2, and 3, respectively). Exploratory (wave 1 data) and confirmatory (wave 2 data) factor analyses revealed a five-factor structure for the AERSQ: rumination/negative thinking, positive reorientation, communication, distraction, and cultural activities. We observed gender differences for most ER strategies in adolescence. We also evaluated the associations between the AERSQ subscales and mental health (self-harm; psychological difficulties including hyperactivity, conduct problems, emotional problems, and peer problems; prosocial behavior; depression; anxiety; stress; flourishing; and life satisfaction) across the three time points. Rumination/negative thinking had the strongest relationships with these mental health indicators, both cross-sectionally and longitudinally, in both genders. Distraction and cultural activities were less related to mental health, especially prospectively. Although the AERSQ showed good test–retest reliability and predictive validity over a 10-year period, the low internal consistency of two of its subscales (distraction and cultural activities) indicates that it may benefit from further development both in terms of the included items and psychometric testing.
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Introduction

Over the last few decades, emotion regulation (ER) has occupied an increasingly important position in psychology and related fields. Research on ER can be traced back to psychoanalytic work on defense mechanisms (1). Although there remains no consensus on the definition of ER, it generally refers to “all the extrinsic and intrinsic processes responsible for monitoring, evaluating and modifying emotional reactions, especially their intensive and temporal features, to accomplish one’s goal” [(2), pp.27–28]. Theoretically, ER processes involve not only the down-regulation of negative emotions, but also the preservation or up-regulation of positive emotions (3). In daily life, however, ER usually targets negative emotions (4). Children from a very young age learn how to regulate their emotions in effective and socially appropriate ways, and this ability further develops throughout adolescence and adulthood. There is extensive literature indicating the vital role of functional ER in individuals’ mental and physical health and wellbeing, as well as its close relations with cognitive, behavioral, and social functioning and personality development (5). However, not everyone develops functional ER, and an increasing number of studies suggest that emotion dysregulation is an underlying mechanism of a number of psychiatric disorders (e.g., depression, anxiety, substance abuse, eating disorder, borderline personality disorder) (6, 7).

Emotion dysregulation is also closely associated with nonsuicidal self-injury (NSSI), which is defined as the direct, deliberate destruction of one’s own bodily tissue (e.g., cutting, burning, carving) without an intent to die (8). According to the four-function model of NSSI (8), NSSI is maintained via four reinforcement processes: intrapersonal negative reinforcement (i.e., the NSSI decreases or distracts the individual from aversive thoughts or feelings), intrapersonal positive reinforcement (i.e., the NSSI generates desired feelings or stimulation), interpersonal positive reinforcement (i.e., the NSSI facilitates help-seeking), or interpersonal negative reinforcement (i.e., the NSSI facilitates escape from undesired social situations). The two intrapersonal functions may be combined into a single function representing emotion dysregulation (9). Indeed, according to the ER model of NSSI (10–12), self-injury may serve an ER function, with the physical pain being used to reduce emotional pain. It is assumed that in the absence of more functional forms of ER, individuals experiencing severe emotional pain may resort to NSSI.

The majority of existing ER measures have been developed for use with adults and young children. Considering that NSSI and most psychiatric disorders have their initial onset in adolescence, there is a considerable need for valid measures of ER targeted towards adolescents. Thus, the main purpose of this study is to examine the usefulness and psychometric features of a self-report measure of adolescents’ ER strategies developed as part of the first phase of a 10-year longitudinal research project featuring a large sample of Swedish adolescents. We also sought to elucidate the prospective associations between adolescents’ ER strategies, their self-injurious behaviors, and other mental health problems in adolescence and young adulthood.


Conceptualization of ER

The empirical conceptualization and measurement of ER has generally followed two distinct approaches. The first approach emphasizes individual variations in the habitual utilization of strategies for regulating emotions, whereas the other approach focuses on dispositional emotion regulation abilities. Regarding the first approach, some frequently studied ER strategies include acceptance, problem solving, reappraisal, mindfulness, distraction, rumination, expressive suppression, behavioral avoidance, and experiential avoidance (13). These strategies can be classified as adaptive or maladaptive. The former refer to strategies (e.g., acceptance, problem solving, reappraisal, mindfulness) generally evidenced to have associations with adaptive outcomes such as improved psychological functioning and well-being and diminished psychopathology, while the latter (e.g. rumination, expressive suppression, behavioral avoidance, and experiential avoidance) are strategies linked with more maladaptive outcomes (14). Arguably, these qualities (adaptive and maladaptive) are most meaningful when applied to the individual ER process as a whole, and less so when attributed to specific ER strategies. As posited by Aldao (15), any strategy can be adaptive or maladaptive depending on the person, context, and goal, and utilizing strategies flexibly to match the context might be more crucial for successful ER than utilizing only the putatively adaptive strategies and not the putatively maladaptive strategies.

Classifications of ER strategies have utilized other models and dimensions other than the adaptive/maladaptive one. Gross’s process model of ER (3, 16) is probably the most influential model in ER research. The model specifies four stages in the temporal sequence of the emotion formation process: 1) a situation (real or imagined) that is emotionally relevant; 2) attention towards the emotional situation; 3) evaluation and interpretation of the emotional situation in light of one’s current goal; and 4) generation of an emotional response (comprising experiential, behavioral, and physiological components). According to this model, each of these four stages is subject to regulation, with the specific ER strategies being differentiated as antecedent-focused, which are strategies used before the complete activation of an emotion response (e.g., situation selection or modification, attentional deployment, cognitive reappraisal), or as response-focused, which are strategies used after an emotion has been experienced (e.g., experiential avoidance, expressive suppression).

ER strategies can also be classified as cognitive (e.g., reappraisal, rumination) and behavioral (e.g., eating, drinking alcohol, exercise) (17). Another important dimension to understanding the nature of a specific ER strategy is whether internal/intrapersonal or external/interpersonal resources are used for regulating emotions (18). Most of the frequently investigated strategies are considered internal/intrapersonal (e.g., rumination, reappraisal, acceptance, mindfulness). In contrast, there is less empirical work on external/interpersonal strategies. However, such strategies are also essential for ER, since children typically develop their ER in a social context and it remains inextricably intertwined with their social relations throughout the life span (19).

The second common approach to conceptualizing and measuring ER emphasizes dispositional emotion regulation abilities (e.g., emotional clarity, distress tolerance, impulse control), which are regarded as indicative of one’s ER potential. The Affect Regulation Training (ART) model (20) proposes that the interaction of multiple skills (e.g., being aware of emotions, able to identify and label emotions, able to actively modify negative emotions in order to feel better, resilient and able to tolerate negative emotions, able to confront emotionally distressing situations in order to attain one’s goals) in specific emotional situations helps to facilitate the development of adaptive ER abilities.



Measurement of ER

As stated above, numerous ER measures have been developed for adults. For the research approach emphasizing strategies, there are, for example, the Emotion Regulation Questionnaire [ERQ; (21)], the Cognitive Emotion Regulation Questionnaire [CERQ; (22)], the Interpersonal Emotion Regulation Questionnaire [IERQ; (23)], and the Ruminative Response Scale [RRS; (24)]. As for the approach emphasizing abilities, example measures include the Difficulties in Emotion Regulation Scale [DERS; (25)] and the Emotion-Regulation Skills Questionnaire [SEK-27, based on the ART model; (26)].

Some measures developed for adults have been adapted and validated for young people. For example, Gullone and Taffe (27) made the first attempt to adapt the ERQ for use with children and adolescents, Garnefski et al. (22) initially validated the adolescent version of the CERQ, while Burwell and Shirk (28) adapted the RRS for use with adolescents. An adolescent version of the DERS was created and validated by Weinberg and Klonsky (29). Later, Kaufman et al. (30) developed a short-form adolescent version of the DERS to reduce respondent burden. These adapted measures are now in wide use, but are restricted by the number or variety of ER strategies/abilities measured. Specifically, the ERQ assesses only two specific ER strategies (i.e. positive reappraisal and expressive suppression), the CERQ focuses solely on cognitive ER strategies, and the DERS exclusively measures difficulties in ER. Another important limitation of these adapted measures is that since they were originally designed for adults, their items might not give full consideration to the distinctive attributes of ER in adolescents; as such, they cannot be expected to provide a comprehensive measurement of adolescent ER.

Research has shown that the brain regions involved in the generation and regulation of emotions undergo protracted structural and functional development during adolescence (31). Specifically, the executive functions needed for ER, including working memory, inhibitory control, abstract thought, and decision making, all undergo development during these years (32). As such, it is imperative to develop age-relevant instruments for the measurement of ER in adolescents.

There are some ER measures originally developed for use with children, such as the Children’s Emotion Management Scale [CEMS; (33)], and the Emotion Regulation Checklist [ERC; (34)]. However, these measures have not been validated for use with adolescents. Moreover, measures designed for children typically utilize parents or other adults as informants, and while other-report ER measures may be suitable for young children, they are likely to be inappropriate for use with adolescents, given that adolescents are cognitively more mature and others may not be fully aware of adolescents’ ER processes. A self-report measure would therefore be a more appropriate method for measuring adolescents’ ER.

Very few ER measures have been originally developed for and validated with adolescents. First, Phillips and Power (35) developed the Regulation of Emotions Questionnaire (REQ), a 20-item self-report measure of four types of ER strategies used by adolescents in daily life: functional-intrapersonal, functional-interpersonal, dysfunctional-intrapersonal, and dysfunctional-interpersonal. Unfortunately, this measure has yet to be extensively validated. Phillips and Power (35) examined the psychometric properties of the REQ in a small sample of 225 adolescents (12–19 years), conducting both exploratory and confirmatory factor analyses on the same sample. Another measure is the Questionnaire to Assess Children’s and Adolescents’ Emotion Regulation Strategies (FEEL-KJ). The FEEL-KJ, originally written in German (36), is a 90-item self-report measure assessing 15 ER strategies (i.e., problem-oriented action, cognitive problem-solving, acceptance, forgetting, distraction, revaluation, humor enhancement, giving up, withdrawal, rumination, self-devaluation, aggressive action, social support, expression, and emotional control) in response to anxiety, sadness, and anger (30 items each). Cracco, Van Durme, and Braet (37) tested the reliability and validity of the FEEL-KJ in a large sample of Dutch-speaking Belgian children and adolescents (N = 1,102, 8–18 years). They confirmed the two-factor structure of the original, with adaptive and maladaptive ER serving as overarching categories. However, it remained unclear how the social support, expression, and emotional control strategies fit within the FEEL-KJ structure. Thus, although the FEEL-KJ assesses a broad variety of ER strategies, its internal structure remains to be clarified. Moreover, the Responses to Stress Questionnaire (RSQ), a measure developed by Connor-Smith et al. (38) for assessing adolescents’ controlled coping and automatic responses to stress, also includes some items representing ER strategies (e.g., rumination, problem solving, distraction, avoidance).

An important drawback of existing instruments for measuring ER, whether developed for adults or for adolescents, is that they often contain items that require rather elaborate forms of cognitive reasoning about the internal sequences of cognitions and emotions. For example, Gross and John’s (21) ERQ contains items like “I control my emotions by changing the way I think about the situation I’m in,” which requires the ability to reason about the sequential relations between cognitions and emotions on the basis of self-observation, and about how to change one’s thinking to produce emotional change. Gratz and Roehmer’s (25) DERS similarly contains items like “When I’m upset, I feel guilty for feeling that way,” which require the ability to reason about the relation between stressful feelings and second-order self-conscious emotions. Similarly, although Garnefski et al.’s (22) CERQ and Phillips and Power’s (35) REQ have been successfully applied to adolescents, they both contain items requiring meta-cognitive reasoning about general tendencies in one’s way of handling emotional experiences (e.g., the CERQ item “I am preoccupied with what I think and feel about what I have experienced” or the REQ item “I take my feelings out on others verbally”).

Because the capacity for abstract thought and complex meta-cognition undergoes considerable development during adolescence, alongside structural and functional changes in the brain (31), it would be important to ensure that self-report questionnaires designed to measure ER in young adolescents are as cognitively simple as possible. Meta-cognitive complexity can be conceptualized in terms of the number of “meta-cognitive relations” involved in an item (where cognitions are defined as thoughts with propositional content, and meta-cognitive relations are defined in terms of cognitions whose propositional content refers to other cognitions i.e., “thoughts about thoughts”). For example, it may be argued that the CERQ item “I am preoccupied with what I think and feel about what I have experienced” contains two meta-cognitive relations, one nested within the other: 1) having thoughts about one’s thoughts (“I am preoccupied with what I think”); 2) thoughts which in turn are about the contents of one’s experiences (“about what I have experienced”). Such meta-cognitively complex items may be problematic, considering the individual differences in meta-cognitive capacity that can be expected in young adolescents.



Current Study

In the present study we used a self-report questionnaire for measuring young adolescents’ ER strategies in daily life that was developed with the ambition of including only items that would not require complex meta-cognitive reasoning. This instrument was developed as part of a longitudinal project on “Deliberate self-harm, emotion regulation and interpersonal relations in youths” (SOL project) [for details see (39)], and the psychometric properties were established in a large sample of Swedish adolescents. The current study also aimed to elucidate the prospective associations between ER strategies, mental health problems, and self-injurious behaviors in adolescence and young adulthood.




Materials and Methods


Development of the Adolescents’ Emotion Regulation Strategies Questionnaire

The AERSQ asks participants what they do when they feel “sad, disappointed, nervous, afraid, or experience other negative or distressing feelings,” and presents them with a list of possible behaviors and ways of thinking, while asking them to estimate how often they engage in each of these on a 5-point scale ranging from 1 (never) to 5 (very often). We generated the items of the first version of the AERSQ partly on the basis of a review of existing questionnaires and partly on the basis of discussions among psychologists affiliated with the project as well as feedback from a group of adolescents who were given the questionnaire for comment. A 22-item version of the questionnaire was tested among 265 adolescents (137 girls and 128 boys) aged 14 and 15 years from six schools in southern Sweden (40). As a way to generate additional items for inclusion in the questionnaire, the adolescents who participated in the pilot study were also asked to give examples of what else they did in response to stressful emotions.

A factor analysis of these data led to the preliminary identification of four factors: rumination/negative thinking, distraction, positive reorientation, and communication (40). However, only the first two had a satisfactory internal consistency (α =.78 and α =.69, respectively). In four of the schools, test–retest data were available, with test–retest intervals varying from 44 to 126 days. In the school with the shortest inter-test interval (44 days), the test–retest correlations were large for three of the subscales—rumination/negative thinking (r =.80), distraction (r =.71), and communication (r =.74)—but only moderate for the positive reorientation subscale (r =.48). Thus, the test–retest reliability was good only for three subscales. Because the retests were not carried out until after 44 days, however, it is difficult to know whether the lower stability of the positive reorientation scale was due to measurement unreliability or actual alterations in participants’ behavior. Based on the results of this pilot study, we modified the questionnaire and added new items in line with adolescents’ responses, thus yielding the present 25-item version (see Table 1 for an English translation of the items).


Table 1 | Summary of the results of the exploratory factor analysis.





Participants

The SOL project involved three waves (2007, 2008 and 2017) of data collection. The original sample of 1,064 adolescents were all enrolled in Grade 7 and Grade 8 of regular schools in a municipality in southern Sweden with about 40,000 inhabitants in 2007. Of the students in this cohort, 991 (93%; mean [SD] age 13.7 [0.68]; 50.3% girls) participated in the data collection at Time 1 (T1). One year later (T2), when these students had entered Grades 8–9 (some students moving to the municipality after T1), another round of data collection was conducted among all eligible students (N = 1,098); in this round, 984 students participated (90%; mean [SD] age 14.8 [0.69]; 51.1% girls). The total number of eligible students at T1 and/or T2 was 1,109, and this became the target sample for the 10-year follow-up data collection (T3) in 2017. Of the individuals in this sample, 557 participated (response rate: 50.2%; mean [SD] age 25.3 [0.68]; 59.2% women).



Procedure

At T1 and T2, the data were collected in collaboration with the municipal body of the selected area and each of the regular schools therein. Informed consent [using a passive consent procedure; for more details see (41)] was obtained from participating students and their parents before any data were collected. At both these time points, students completed the AERSQ and measures of self-injury and other psychological or interpersonal problems. All measures were administered in a classroom setting during ordinary lecture time by research assistants, who were either licensed psychologists or senior students in the psychologist program. The participants were asked to not write their names anywhere on the questionnaires to ensure confidentiality. Numeric codes were used to identify participants and to match the data from T1 and T2.

Ethical approval was obtained from the Regional Ethics Committee at Lund University in 2005 (for the data collections at T1 and T2) and 2016 (for the data collection at T3). In accordance with the ethical approval in 2005, we saved the list of participants’ codes for a future 10-year follow-up. To conduct the follow-up at T3, we sent participants’ names from the code lists from the prior two surveys to the Swedish state’s personal address register (SPAR) to identify their present locations. After receiving the current personal addresses of the participants, we sent letters describing the purpose and procedure of the follow-up to all potential participants. They were informed that their participation was voluntary, and were asked to complete a battery of questionnaires on ER abilities, self-harm, emotional distress and positive mental functioning, either via a paper-and-pencil form or a confidential web-survey designed using the Lund University survey system, Survey & Report. Numeric codes were used on all study documents throughout the study to identify participants in order to preserve their confidentiality. After completing the survey, participants received two cinema tickets or four lottery tickets as compensation.



Measures

Besides the AERSQ, we administered the following measures at T1, T2, and/or T3.


Nonsuicidal Self-Injury at T1, T2 and T3

To measure nonsuicidal self-injury (NSSI), we used the 9-item shortened version of the Deliberate Self-Harm Inventory (DSHI-9r), which was modified from Gratz’s (42) original Deliberate Self-Harm Inventory (DSHI), and adapted to the Swedish population by Lundh, Karim, and Quilisch (43), Bjärehed and Lundh (40), and Lundh, Wångby-Lundh, and Bjärehed (44). The respondents were instructed to rate how often they had deliberately engaged in nine forms of self-injurious behavior (i.e., cutting, minor cutting causing bleeding, burning, punching/banging oneself, biting, carving, severe scratching, sticking sharp objects into one’s skin, and preventing wounds from healing) over the past 6 months, on a scale from 0 (“never”) to 6 (“more than five times”). The DSHI-9 showed good test–retest reliability (40). The Cronbach’s alpha values for the DSHI-9r were .90 (T1), .89 (T2), and .81 (T3) in this study.



Psychological Problems and Strengths at T1 and T2

The Strengths and Difficulties Questionnaire–self-report version [SDQ-s; (45)] was used to measure adolescents’ psychological problems and strengths. The SDQ-s is a widely used screening instrument for psychological problems among children and adolescents, which contains five subscales with five items each: hyperactivity/inattention, emotional symptoms, conduct problems, peer problems, and prosocial behavior. Each item is rated on a 3-point scale (0 = not true, 1 = somewhat true, 2 = certainly true) within a timeframe of the previous six months. The Swedish version of the SDQ-s was empirically validated by Lundh, Wångby-Lundh, and Bjärehed (44). In the present study, the Cronbach’s alpha values of the five subscales were as follows: hyperactivity–inattention (T1: α =.66; T2: α =.66), emotional symptoms (T1: α =.67; T2: α =.69), conduct problems (T1: α =.57; T2: α =.60), peer problems (T1: α =.56; T2: α =.54), and prosocial behavior (T1: α =.68; T2: α =.70).



ER Abilities at T3

The Brief Difficulties in Emotion Regulation Scale [DERS-16; (46)] was used to evaluate young adults’ difficulties in ER, including lack of emotional clarity (e.g., “I have difficulty making sense out of my feelings”), difficulties engaging in goal-directed behaviors (e.g., “When I am upset, I have difficulty getting work done”), difficulties controlling impulses (e.g., “When I am upset, I become out of control”), ineffective emotion regulation strategies (e.g., “When I am upset, I believe that I will remain that way for a long time”), and non-acceptance of emotional responses (e.g., “When I am upset, I feel ashamed with myself for feeling that way”). Participants estimate how often each of the 16 statements applies to them on a 5-point scale ranging from 1 (almost never) to 5 (almost always). The Cronbach’s alpha for the DERS-16 was .95 in this study.



Emotional Distress at T3

The Depression, Anxiety and Stress Scale [DASS-21; (47)] was used to evaluate participants’ emotional distress in young adulthood. The DASS-21 comprises three subscales: depression symptoms, anxiety symptoms, and stress/tension. Each subscale contains 7 items (e.g., “I felt downhearted and blue” for depression; “I felt I was close to panic” for anxiety; “I found it hard to wind down” for stress/tension) rated on a 4-point scale ranging from 0 (never) to 3 (almost always). In this study, the Cronbach’s alpha values for the three subscales were as follows: .90 for depression, .79 for anxiety, and .87 for stress.



Positive Mental Functioning at T3

The Flourishing Scale [FS; (48)] and the Satisfaction with Life Scale [SWLS; (49)] were used to evaluate positive mental functioning. The FS is a brief 8-item measure of psychological and social well-being; it assesses the respondent’s self-perceived success in important areas such as relationships, self-esteem, purpose, and optimism. Participants indicate how much they agree or disagree with each of the 8 items (e.g. “I lead a purposeful and meaningful life”) using a 7-point scale (7 = strongly agree, 1 = strongly disagree). The total score ranges from 8 to 56. A higher score represents a person with many psychological resources and strengths. In this study, the Cronbach’s alpha for the scale was.88.

The SWLS is a measure of life satisfaction that contains five items (e.g. “I am satisfied with life”), each rated on a 7-point scale ranging from 7 (strongly agree) to 1 (strongly disagree). The Cronbach’s alpha for this scale was.92 in this study.




Statistical Analysis

To examine the internal structure of the AERSQ, we used the T1 data to conduct an exploratory factor analysis (EFA; principal axis factoring with varimax rotation). Of the 993 participants included in the analysis, 883 participants had full data on the AERSQ at T1 and 100 had no more than three missing values on the AERSQ at T1. To compare participants with and without missing values, Little’s Missing Completely at Random (MCAR) test was conducted. Although the test was significant, χ2(868) = 961.47, p =.015, the normed χ2 (i.e., χ2/df) was 1.11; according to the guideline by Bollen (50), this value indicates that the pattern of missing data was not meaningfully different from a missing completely at random pattern. The missing values were imputed using the expectation–maximization (EM) algorithm before conducting the EFA.

Next, we used the T2 data to validate the adequacy of the best measurement model via confirmatory factor analysis (CFA). Likewise, only participants with full data (n = 898) and no more than 3 missing values (n = 81) on the AERSQ at T2 were included. Also as above, Little’s MCAR test was significant, χ2 (928) = 1040.68, p =.006, but the normed χ2 was 1.12 indicating that the pattern of the missing data was not meaningfully different from a missing completely at random pattern (50). Missing values were imputed before the CFA using the EM algorithm. The goodness-of-fit was assessed using the relative chi-square (chi-square to df ratio), comparative fit index (CFI), root mean square error of approximation (RMSEA), and standardized root mean square residual (SRMR). A chi-square to df ratio below 2 is preferred, but one between 2 and 5 is considered acceptable (51). A CFI should be equal to or greater than.90 to accept the model, indicating that 90% of the covariation in the data can be reproduced by the given model (52). As for RMSEA and SRME, 0 ≤ RMSEA ≤.05 and 0 ≤ SRMR ≤.05 indicate a good fit, while.05 < RMSEA ≤.08 and .05 < SRMR ≤ 0.10 indicate an acceptable fit (53).

The reliability of the AERSQ was tested by calculating the Cronbach’s α coefficient for each subscale at T1 and T2. Although .70 is recognized by many to be the arbitrary cut-off for an acceptable Cronbach’s α value, this cut-off has also been criticized in different articles. In a recent review, Taber (54) provided illustrative examples from the science education literature showing a wide range of values treated as acceptable or satisfactory (e.g. as low as α =.45) in different articles and also raised concerns with regards to the arbitrary value of .70 as a sufficient measure of an acceptable internal consistency of an instrument. In this study, we used .60 as the criteria for acceptable internal consistency in exploratory research recommended by Hair et al. (55).

Next, we evaluated the 1-year test–retest stability by calculating Pearson’s correlation coefficient between T1 and T2 scores for each subscale. Independent samples t-tests and t-tests for repeated measures were used to examine gender differences and the mean change in the AERSQ scores over one year for each gender, respectively.

The construct validity of the AERSQ was tested by calculating the correlations between the AERSQ subscales and the DERS-16.

To evaluate the external validity of the AERSQ, we calculated correlations between the AERSQ subscales and measures of NSSI, internalizing/externalizing problems, emotional distress, and positive mental functioning. Bonferroni corrections (56) were used to exclude spurious significant correlations due to type I errors.

The CFA using the Maximum Likelihood (MLR) estimation was conducted in Mplus 7.0 (57). All the other analyses were conducted using SPSS Statistics 25 (IBM Corp., Armonk, NY).




Results


Factor Analyses

Principal axis factoring with varimax rotation was conducted on the 25-item AERSQ at T1. The Kaiser measure of sampling adequacy was.823, making it well above the accepted cutoff of 0.6 and thus indicative of good factorability. Six factors had eigenvalues greater than 1; however, none of the items loaded above 0.40 on Factor 6 and, thus a five-factor solution was chosen. These five factors explained 48.6% of the variance, and all but four items had loadings higher than.40 on the intended factors. Further, one item (“I write to or chat online with others”) showed a cross-loading on Factors 3 and 4. While Factor 3 included items specifically concerning oral communication (speaking) with friends, the item “I write to or chat online with others,” despite relating to communication, had a higher loading on Factor 4, which included items measuring various forms of distraction; thus, it was included in Factor 4.

Table 1 presents the item loadings on the five factors. The items loading on Factor 1 all concerned rumination/negative thinking, or repetitively thinking about one’s emotional distress and about the potential causes and results of that distress. The items loading on Factor 2 represented positive reorientation, or reinterpreting an emotional stimulus and finding positive meaning in it to alter its emotional influence. The items loading on Factor 3 represented communication, or explicitly expressing one’s emotional distress and communicating with others so as to reduce that distress. The items loading on Factor 4 represented distraction, referring to behaviors that divert one’s attention away from an emotional stimulus and towards other things. Finally, the items loading on Factor 5 represented cultural activities, or engaging in activities such as writing, reading, drawing, dancing, and making music in order to regulate emotions.

Based on the EFA results, four items were dropped from the AERSQ. We then confirmed the five-factor model using a CFA with the remaining 21 items measured one year later, at T2. The CFI of 0.844 did not reach the cut-off value for acceptability, although the other indices were generally acceptable (χ2 = 854.15, df = 179, χ2/df = 4.77, RMSEA =.062, SRMR =.063). A closer look at the factor loadings revealed that one item (item 22 “I play video games or computer games”) had an exceedingly low loading (.122) on the intended factor (distraction); the factor loadings of all other items were higher than.45. Thus, item 22 was dropped from the CFA model. Moreover, based on the modification indices, we allowed some residuals among indicator variables belonging to the same factor, being conceptually related and also having the highest standardizes residual covariance to correlate (i.e., item 3 with item 5, item 5 with item 6, item 9 with item 13, item 18 with item 19; see also Figure 1). These changes improved the fit of the model to an acceptable level, χ2 = 587.41, df = 156, χ2/df = 3.77, RMSEA =.053, SRMR =.053, and CFI =.895. Figure 1 displays the final CFA model.




Figure 1 | Standardized factor loadings in the CFA model.





Reliability, Stability, and Intercorrelations

Table 2 shows the internal consistency coefficients (Cronbach’s α) and intercorrelations among the five subscales at T1 and T2 separately for girls and boys. The Cronbach’s α values were satisfactory overall (higher than or close to.60), with the rumination/negative thinking subscale having the highest values (T1: α =.81; T2: α =.83) and the cultural activities subscale having the lowest values (T1: α =.54; T2: α =.55). In addition, for the whole sample, the 1-year test–retest stability of the five subscales was as follows: r =.61 for rumination/negative thinking, r =.63 for communication, r =.37 for positive reorientation, r =.44 for distraction, and r =.61 for cultural activities.


Table 2 | Internal consistency values (in the parentheses on the diagonal) and intercorrelations among the AERSQ subscales at T1 and T2 for girls (under the diagonal) and boys (above the diagonal).



As for the intercorrelations between the five subscales, positive correlations for both genders were found among positive reorientation, communication, distraction, and cultural activities at both T1 and T2. As reported in Table 2, the intercorrelations ranged from .17 (between communication and cultural activities) to .35 (between distraction and cultural activities) for girls and from .19 (between positive reorientation and cultural activities) to .40 (between communication and distraction) for boys at T1. Similar intercorrelations were found for both genders at T2. Interestingly, while rumination/negative thinking was significantly negatively related to communication and positive reorientation at both T1 and T2 for girls, these intercorrelations were not significant at either T1 or T2 for boys. For boys, however, significant positive correlations were found between rumination/negative thinking and cultural activities in addition to the positive correlations between cultural activities and communication, positive reorientation, and distraction that were found in both genders; this suggests that engaging in cultural activities has complex relations with other ER strategies for boys.

As shown in Table 3, the most endorsed AERSQ scales were communication (only among girls), positive reorientation, and distraction (both genders); however, the results showed that girls reported higher scores on all AERSQ subscales, except positive reorientation and distraction at T1, with the highest effect sizes being for communication and cultural activities at both time points. Moreover, while rumination/negative thinking scores increased significantly for girls over one year, t(456) = 4.33, p < .001, and cultural activities scores decreased significantly, t(456) = −3.32, p < .001, no significant changes were found for boys.


Table 3 | Descriptive statistics and results of independent t-test for gender differences on the AERSQ at two time points.





Construct and External Validity

Before the relationships between the AERSQ scales and the variables measured at T3 were studied, attrition analyses were conducted by comparing the responders (n = 541) and nonresponders (n = 529) at T3 on all studied variables at T1 and/or T2. Of the sociodemographic variables, significantly more women responded to the survey at T3 (T1 & T2: 51%, T3: 58.4%; χ2(1) = 29.30, p < .001). Of the variables studied in the present study, nonresponders scored significantly higher on the SDQ-s Hyperactivity/Inattention scale (T1: t(974) = 3.24, p < .01, Cohen’s d = 0.21), SDQ-s Conduct problems scale (T1: t(972) = 2.12, p =.03, Cohen’s d = 0.14), and significantly lower on the SDQ-s Prosocial behavior scale(T1: t(974) = -2.12, p =.03, Cohen’s d = 0.14). However, as the Cohen’s ds indicate, these differences were of low or very low magnitude.

As shown in Tables 4 and 5, significant positive relationships (after Bonferroni corrections) were found between the AERSQ rumination/negative thinking (both T1 and T2) scores and the DERS total score at T3 for girls, and between rumination/negative thinking score at T1 and the DERS total score at T3 for boys. Rumination/negative thinking showed the clearest relationships with the positive and negative aspects of psychological health at all three time points for girls, while for boys the results were mixed. As reported in Tables 4 and 5, rumination/negative thinking was found significantly positively correlated with NSSI and internalizing and externalizing problems at both T1 and T2 for both genders. Regarding the T3 variables, for girls, rumination/negative thinking (at both T1 and T2) was significantly related to both positive and negative aspects of mental health, while for boys, rumination/negative thinking measured at T1 was significantly and negatively related to life satisfaction and flourishing.


Table 4 | Correlations between T1 AERSQ subscales and other studied variables assessed at T1, T2 and T3.




Table 5 | Correlations between T2 AERSQ subscales and other studied variables assessed at T2 and T3.



As shown in Tables 4 and 5, the AERSQ communication subscale showed significant negative relationships after Bonferroni corrections with NSSI (for girls at T1 and T2), emotional problems (for girls at T1 and T2), peer problems (for both genders at T1 and T2), and depression (for girls at T1), as well as significant positive relationships with prosocial behavior (for both genders at T1, only for boys at T2), life satisfaction and flourishing (for girls at T1 and for both genders at T2).

As for the AERSQ positive reorientation subscale, significant negative relations after Bonferroni corrections were found with NSSI (for both genders at T1, only for girls at T2), hyperactivity (for girls at T1), peer problems (for girls at T1), and conduct problems (for both genders at T1, only for boys at T2). Significant positive relations were found between positive reorientation and prosocial behavior (for both genders at T1, only for boys at T2) and flourishing (T3 for girls).

For AERSQ distraction subscale, the correlations were weaker and the only significant negative correlation after Bonferroni correction was found between distraction and NSSI at T2 for girls. However, no clear longitudinal relationships were found between distraction (T1 or T2) and the variables assessed at T3.

The correlations between the AERSQ cultural activities subscale and the other variables were more unexpected, especially for boys. While this subscale was significantly and positively correlated with prosocial behavior for girls at T1, the scale was significantly and positively correlated with emotional problems (for both genders) and NSSI (for boys) at T2.




Discussion

In the present study, we presented the psychometric properties of a self-report measure AERSQ developed to assess adolescents’ commonly used ER strategies in daily life. We used three-wave longitudinal data from a large cohort of Swedish adolescents to evaluate the internal structure, reliability, and validity of this AERSQ.

The factor analyses supported a five-factor structure for the AERSQ: rumination/negative thinking, positive reorientation, communication, distraction, and cultural activities. In terms of the internal consistency of the finalized AERSQ subscales, three out of the five subscales—Rumination/negative thinking, Communication, and Positive reorientation—showed very good or good acceptable internal consistency. The two remaining scales (Distraction and Cultural activities) had lower internal consistency and may need further revision.

The one-year test–retest stability coefficients for the five subscales were all above 0.60, except for positive reorientation (r =.37) and distraction (r =.44). These coefficients are similar to those reported by Gullone and Taffe (27), who also examined the 12-month stability of emotion regulation measured with the adapted ERQ-CA in adolescent samples. Although two retest coefficients could be perceived as rather low, this result is not surprising when considering that emotion regulation develops substantially throughout adolescence and becomes more trait-like with increasing age (58).

The five factors of the AERSQ correspond to the different distinctions between ER strategies made in the existing literature. While rumination/negative thinking and positive reorientation are cognitive strategies, the other three strategies regulate emotions through behavior. All these strategies, except communication, exploit intrapersonal resources to regulate emotions, while communication regulates emotions through interpersonal resources.

With respect to the external validity, we examined the associations between the AERSQ subscales and different mental health measures across three time points. Overall, the findings indicate that the cognitive strategies (especially rumination/negative thinking) have clearer and stronger relationships with different aspects of mental health than do the behavioral strategies distraction and cultural activities, especially prospectively. These findings are in line with those reported by Rood et al. (59). In their meta-analysis comparing the effects of rumination and distraction on depressive symptoms in a nonclinical sample of youth, Rood et al. found that there were significant and stable effects of rumination on concurrent and future levels of depression, but no significant effects for distraction. Furthermore, many studies have demonstrated, both cross-sectionally and longitudinally, close relationships between rumination and the increased risk and severity of a number of mental disorders and other aspects of psychological malfunctioning, such as impaired interpersonal relationships, poor academic and occupational performance [see a review in (6)]. However, limited research to date has directly addressed the reason individuals utilize such a detrimental cognitive style.

Positive reorientation, another cognitive ER strategy assessed by the AERSQ, showed significant negative correlations with some of the studied negative constructs, such as NSSI and conduct problems, for both genders at T1, as well as significant positive correlations with prosocial behavior at T1 and T2 and positive mental functioning at T3. Although these results were in line with the literature, the correlations were somewhat lower and the results more mixed compared to those found for the Rumination/negative thinking scale. Still, this ER strategy was one of the most endorsed strategies among girls and boys in our sample at both T1 and T2. According to Gross’s process model of ER (3, 16), positive reorientation (i.e., positive reappraisal) intervenes in the emotion-generation process—specifically, individuals can negotiate stressful situations by taking an optimistic attitude, reinterpreting those stressful situations and finding positive meanings, and making active efforts to repair negative moods. Positive reorientation modifies not only what individuals think and feel inside, but also what they express and how they explicitly behave. Individuals who habitually use positive reorientation to regulate emotions have been found to be more likely to experience positive emotions; share emotions with friends; have fewer mental distress symptoms; and have greater self-esteem, life satisfaction, and other positive outcomes (21).

The AERSQ communication subscale represents the strategy of regulating emotions through drawing on interpersonal resources. Interestingly, this ER strategy was predominantly endorsed by girls. Our results showed robust relations between the communication subscale and other mental health indicators involving interpersonal functioning, being negatively associated with peer problems and positively associated with prosocial behavior. AERSQ communication scores at both T1 and T2 were also found to be significantly and positively related with positive mental functioning (i.e., life satisfaction and flourishing) for girls at T3. It should be noted, however, that the communication subscale comprised only two items, which may not provide a complete measure of behaviors relevant to this strategy. To improve this particular subscale, extra items might need to be generated and incorporated in the future.

As for the distraction subscale, although it showed positive correlations with positive mental health indicators (e.g., flourishing) and negative correlations with negative indicators (e.g., NSSI), after Bonferroni correction none of these correlations were significant except for a negative correlation with NSSI for girls at T2. Furthermore, no clear longitudinal relationships were found between distraction (T1 or T2) and mental health indicators at T3. Previous research on the functions of distraction as an ER strategy has yielded mixed findings. On the one hand, distraction (which involves intentional deployment of attention away from negative emotional stimuli towards other things) is seen as a form of active problem solving (36), and has been shown to be an adaptive ER strategy in various studies [e.g., (37, 60)]. On the other hand, several studies have not found any putatively beneficial effects of distraction on emotional distress symptoms [e.g., (61)]. One study (62) found, in both a nonclinical sample and a clinical sample, that distraction can be either adaptive or maladaptive depending on whether it is combined with acceptance or avoidance strategies. In other words, it is adaptive when combined with active acceptance but maladaptive when combined with avoidance. Moreover, some scholars (63) have posited that distraction might have advantages in the short run but adverse outcomes in the long run. These conflicting results suggest that further research is needed to clarify the conditions under which distraction is functional or dysfunctional.

Finally, the relationships between cultural activities and other mental health indicators were more unexpected, especially among boys. This ER strategy was the least endorsed strategy by both boys (at T1 and T2) and girls (at T2). Previous research has shown that engaging in culture activities (e.g., making music, writing, dancing, and crafts) might affect emotions through several different paths: it might function as a means of avoidance; it might help facilitate emotional discharge via “mental work”; or it might facilitate self-development, including self-identity, self-esteem, and agency (64). It is therefore possible that cultural activities in a broader sense (e.g., including reading and writing a diary, as in the present study) could also have complex functions.

As described above, the correlational patterns between ER strategies and mental health indicators as well as the endorsement of different AERSQ scales differed between boys and girls, with the largest mean differences being for communication, cultural activities, and rumination/negative thinking. These results are in line with those reported in a meta-analytic review by Tamres, Janicki, and Helgeson (65), wherein consistent gender differences were found across studies in the strategies involved in verbal expressions to others or the self—to seek emotional support, ruminate about problems, or engage in positive self-talk, with females reporting more frequent usage of these strategies. Zimmermann and Iwanski (66) also found that females score significantly higher on social support seeking and dysfunctional rumination. Tamres, Janicki, and Helgeson (65) suggested that biological sex differences in responses to stress, along with gender socialization, are possible explanations for these findings. For example, women generally possess higher levels of the pituitary hormone, oxytocin, than do men. During times of stress, the release of oxytocin is related to downregulation of the sympathetic nervous system and facilitation of the parasympathetic nervous system, which is related to a “tend-and-befriend” response rather than a “fight-or-flight” response. Therefore, females are more likely than are males to seek out the support of others in time of stress, while males are more likely to use the avoidant or withdrawal strategies (67). As for gender socialization (68), women might be more socialized to seek out others for emotional support and express their feelings to others, whereas men tend to be discouraged from expressing their feelings to others, especially their feelings about life problems (69). Tamres, Janicki, and Helgeson (65) further suggested that expressions of feelings to others are likely to foster connections among women but might be viewed by men as revealing weaknesses and exposing vulnerabilities.


Limitations and Future Directions

Methodologically, an important asset of the present study is its longitudinal design, which allowed for examination of the prospective relationships between the AERSQ strategies assessed in adolescence and ER abilities and other mental health indicators assessed in young adulthood. However, this study has some limitations that should be taken into consideration.

First, the present study was correlational, and correlations are always open to alternative causal explanations. Strictly speaking, we cannot conclude from correlational data that some emotion regulation strategies are adaptive and others maladaptive. As already noted, a given ER strategy might be adaptive or maladaptive depending on the context. Further, even if consistent positive correlations between the use of a specific strategy (e.g., rumination/negative thinking) and future distress are found, this might have several possible explanations. It may, for example, be due to this strategy causing distress; to the fact that adolescents who are already in distress might make more use of this strategy; or to the fact that both are the result or a part of more basic phenomena. Likewise, negative associations between the use of one specific strategy (e.g., positive reorientation) and future distress might be due to the fact that this strategy leads to less distress; to the fact that adolescents who feel less distress from the beginning make more use of this strategy; or to the fact that both are the result or a part of more basic phenomena.

Second, since two subscales (i.e., Distraction and Cultural activities) showed low internal consistency and the CFA indicated some potential fit problems, the scale needs further revision and development. Although scales with low internal consistency might prove valid and useful (70), we cannot rule out that the low internal consistency of these two subscales might have led to inconsistent correlations over time.

Third, the present cohort was from the general population, and the established relationships in this study might be different in adolescents with diagnosed psychopathology. Therefore, future research should examine the validity of the AERSQ in clinical samples.

Fourth, this instrument was not developed through a “top-down” approach—that is, through theoretically derived categorization of five different ER strategies—but through a more inductive process based on what an adolescent is likely to do when faced with disturbing emotions. Adolescents who participated in the pilot study were also asked to add examples of what they would do in response to stressful emotions. One limitation of this procedure is that some forms of ER that could have been deduced from prior theory and research might have been missed; for example, expressive suppression is a widely studied strategy also used by adolescents, but this is not represented in the AERSQ.

Fifth, it was not easy to find wholly appropriate labels for all factors. For example, although Factor 1 was labeled Rumination/negative thinking, it also included an item that refers more to behavior than to thinking: “I withdraw and keep to myself.” Although affirmation of this item might be interpreted as an expression of negative thinking, it is not a direct example of it. Also, it would have been helpful to study the correlations between this factor and a validated measure of rumination. One might also question whether Cultural activities is a wholly appropriate name for Factor 5, given that one of the items is “writing a diary.” However, if “cultural” is defined according to some varieties of cultural anthropological thinking as activities that involve the use of human-made symbols, artifacts, and other human expressions, it may well be argued that writing a diary qualifies as a cultural activity along with reading, drawing, painting, dancing, and playing instruments.

Sixth, it is unclear as to whether our goal of avoiding meta-cognitive complexity in the AERSQ was entirely successful. For example, some degree of meta-cognitive complexity might be involved in two items: “I think that it is impossible to do anything about how I feel”, and “I think that it is best to accept how I feel”. Further, although the degree of meta-cognitive complexity of scale items might be measured via a pure textual analysis, it might also be of interest to test such items by asking adolescents how they interpret them.

To summarize, although the AERSQ showed good test–retest reliability and predictive validity over a 10-year period, it clearly has some limitations and therefore the version of the AERSQ studied herein might benefit from further development in terms of the included items and psychometric testing. We also think that a self-report instrument of this kind, which was designed to minimize meta-cognitive complexity, has the potential to contribute to greater knowledge of adolescents’ ER strategies and the association of such strategies with psychological functioning.
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Self-harm is considered a pervasive problem in several psychopathologies, and especially in Borderline Personality Disorder (BPD). Self-harming behaviors may be enacted for many purposes for example to regulate emotions and to reduce dissociation. BPD patients often report dissociative episodes, which may be related to an altered body awareness, and in particular to an altered awareness of the sense of agency. The sense of agency draws in part upon perceptions of being in control of our bodies and our physical movements, of being able to act upon environments. In this study, we aim to investigate whether dissociative experiences of BPD patients may be linked to an altered sense of agency and whether self-injurious actions may, through strong sensorial stimulation, constitute a coping strategy for the reduction of the distress associated with these dissociative experiences. A group of 20 BPD patients, of whom 9 presented self-harming behaviors, took part in the study and were compared with an age-matched control group of 20 healthy individuals. Sense of agency was evaluated through the Sensory Attenuation paradigm. In this paradigm, in a comparison with externally generated sensations, the degree to which perceived intensity of self-generated sensations is reduced is considered an implicit measure of sense of agency. As we expected, we found a significant difference in the perceptions of the two groups. The attenuation effect appeared to be absent in the BPD group while it was present in the control group. However, further analysis revealed that those BPD patients who engaged in self-harming behaviors presented a degree of attenuation which was similar to that of the control group. These results confirm the hypothesis that self-injurious actions constitute a coping strategy for increasing the sense of agency. We finally discuss the correlation of these experimental results with some clinical self-evaluation measures assessing dissociation, anxiety, depression, and affective dysregulation.
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Introduction

Non-suicidal self-injury (NSSI) is defined as “the deliberate, direct destruction or alteration of body tissue in the absence of conscious suicidal intent” (1). This behavior often occurs in the context of psychiatry condition, and is considered a key feature of Borderline Personality Disorder (BPD) (2, 3). BPD is characterized by disturbance in a wide range of cognitive and behavioral domains, resulting in symptoms such as intense dysphoric affect, chronic instability of mood, problematic interpersonal relationships, disturbed cognition, and recurrent self-harm. Individuals with BPD report more frequent severe and versatile NSSI compared to self-injurers without BPD. These patients report also higher rates of suicidal ideation (4).

Although research on both NSSI and BPD has increased in recent years and the prevalence and the risk factors of self-harming behaviors are now established, the function of self-injury is less well understood. Self-harming behaviors may be enacted for many purposes: seven major functions of self-injury have been aggregated in a meta-analysis study by Klonsky (5). The main functions are affect-regulation, anti-dissociation, self-punishment, interpersonal influence, anti-suicide, interpersonal boundaries, and sensation-seeking (6). Emotion dysregulation, which entails the inability to effectively regulate one’s inner emotional experiences, is thought to be a core deficit in BPD and has been considered highly associated with NSSI. Over 95% of women with BPD report engaging in NSSI for emotional relief (7–9).

Beyond this association between impaired ability to modulate affect and vulnerability for engagement in NSSI, other factors such as dissociative symptoms also appear to play an important role in NSSI. Dissociative symptoms of de-realization, depersonalization, or psychogenic amnesia are commonly found to precede the urge to engage in NSSI (10). Dissociative experiences such as distorted perceptions of feeling or action, as though one were on “automatic pilot”, have been associated with a variety of deliberate self-harm behaviors. Self-injury is viewed as a way to generate emotional and physical sensations that allows individuals to feel real and to regain a sense of self (5, 11).

Dissociation and self-harm are also linked to a number of physiological phenomena. First, a relationship between dissociation and reduced pain perception has been demonstrated. Several studies have reported that patients with BPD show reduced sensitivity to pain. Patients displayed heightened pain thresholds to stimuli involving mechanical, chemical, electrical, and thermal stimulation (12–15). Reduced sensitivity to pain has been also associated with self-harming behaviors (16, 17). One half to two thirds of these patients report hypalgesic or analgesic phenomena in association with self-injury (18). Russ and colleagues (19) reported that the absence of pain during episodes of self-injurious behavior in women with BPD was related to higher levels of anxiety, depression, dissociation, impulsiveness, trauma symptoms, and suicide attempts.

A second physiological effect of dissociation and self-harm can be related to two important components of self-awareness: the sense of body ownership and the sense of agency. Sense of body ownership refers to the feeling that different body parts belong to a unitary body (20). We know that dissociative symptoms are linked to detachment from physical experiences, including the feeling that one’s body does or does not belong to ourselves. Dissociation is thus strongly related to a distorted level of body ownership. However, the relationship between body ownership, dissociation, and BPD has not yet been systematically investigated. To our knowledge, only two studies have focused on body ownership and BPD (21, 22). Results showed a significant difference between current BPD versus remitted BPD and healthy controls in perceiving illusory ownership for an artificial limb, induced by the Rubber Hand Illusion paradigm [see, e.g., (23–25)]. Individuals with current BPD were more prone to perceive illusory ownership of the artificial limbs. This result suggests a more fragile body self-representation in BPD, compared to healthy controls and patients with BPD in remission.

Self-awareness also includes other fundamental capacities, such as the sense of agency, or the feeling of being able to control and direct one’s own actions, and through them to influence or bring about events in the external world (26). The sense of agency has been found to be impaired in some pathological conditions, such as schizophrenia (27–29). However, to our knowledge, no empirical research has evaluated the sense of agency in psychopathologies affected by dissociative symptoms and self-harm, such as BPD.

A primary aim of the present study was to investigate whether and to what extent self-harming behaviors are related to dissociative symptoms. We explored the extent to which self-harming behaviors can be considered as a coping strategy which uses strong sensory stimulation to mitigate the distress associated with dissociative experiences. We intended to evaluate the specific functions that patients attribute to NSSI behaviors and to explore the relationship between dissociative symptoms and other symptoms characterizing the BPD pathology.

A second aim of this study was to investigate whether and to what extent NSSI behaviors can modulate the sense of agency in subjects with BPD. To this aim, we measured the sense of agency in a group of patients with BPD engaging in NSSI behaviors (BPD+NSSI) and compared them to a group of BPD patients without NSSI (BPD-NSSI), and to a healthy control group. To evaluate sense of agency we made use of a specific perceptive phenomenon known as sensory attenuation, which demonstrates that the intensity of self-generated stimuli is perceived as attenuated in comparison with the intensity of the same stimuli generated by someone else. This phenomenon, well exemplified by the fact that one cannot tickle oneself (30, 31), demonstrates that sensorimotor predictions affect the perception of sensory stimuli. When the motor program of a voluntary action is sent to the muscles, an efferent copy of the commands is used by an internal model to predict the sensory consequences of the action. Correct predictions, based on the match between expectations and actual feedbacks, can be used to attenuate the sensory consequences of self-generated actions, which are subjectively experienced as less intense than other-generated stimuli. In other words, when predictions and outcomes match each other, afferences are not fully processed, because they do not add new information. Such phenomenon has been described in several sensory modalities [e.g., audition (32–34), vision (35, 36), tactile (24, 37–39)]. Since sensory attenuation occurs when subjects perceive a cause-effect relationship between their own actions and sensory events, this phenomenon has been proposed as an implicit marker of sense of agency (29, 40).

If the sense of agency of BPD+NSSI patients is impaired, we would expect them to show an altered sensory attenuation response when compared to BPD-NSSI and healthy controls. Additionally, we would expect that sensory attenuation results would be influenced by clinical variables such as depression, anxiety, impulsivity, and symptoms severity. Alternatively, instead of being the expression of a pathological sense of agency, an altered sensory attenuation in the BPD+NSSI group could also be explained by a low level factor, such as an increased level of tactile threshold, which has also been previously described in this clinical population (12–15).



Material and Methods


Participants

Twenty-two participants diagnosed with BPD according to the criteria of the DSM-5, and evaluated by the Structured Clinical Interview for DSM-IV Axis II Personality Disorders (SCID-II) (41), were enrolled in the study and signed the informed consent, together with 20 healthy adults without history of current or previous psychiatric illness. We excluded two patients with BPD from the final sample. One reported feeling unwell during the test because of a new pharmacological therapy. The other patient dropped out of the test.

The group of patients (BPD; 18 females and 2 males, range 19–49 years, mean ± SD = 29 ± 9.48) was matched with the control group (CTRL; 18 females and 2 males, range 21–42 years, mean ± SD = 25 ± 4.53) for sex and age (t(38) = 1.490; p =.144) but not for educational level (BPD mean ± SD = 10.65 ± 2.98; CTRL mean ± SD = 16.75 ± 1.52; t(38) = -8.161; p =.000). For both groups, exclusion criteria were: (1) substance/alcohol abuse or substance/alcohol dependence within 3 months prior to entry into the study; (2) pregnancy or breastfeeding. Furthermore, for subjects with BPD, exclusion criteria were: (1) diagnosis of schizophrenia, schizo-affective disorder, bipolar disorder, and organic mental syndrome.

Patients were divided into two groups based on the presence or the absence of NSSI behaviors: a self-harming group of patients (BPD+NSSI; N = 9) and a non-self-harming group (BPD–NSSI; N = 11). The BPD–NSSI group included three patients who had previously self-harmed but no longer engaged in NSSI behaviors.

To assess the impact of pharmacotherapy, we computed the number of medication (antidepressants (SSRI, SNRI), mood stabilizers, typical and atypical antipsychotics, benzodiazepines) and compared the two groups (BPD+NSSI vs BPD-NSSI). The pharmacological treatment did not differ between the two BPD groups (Mann-Whitney U = 44.0; p =.710 two-tailed) see details in Table 1. Recruitment and assessment of the clinical sample took place at IRCCS Centro San Giovanni di Dio Fatebenefratelli in Brescia, north Italy. The ethics committee of the IRCCS San Giovanni di Dio - Fatebenefratelli approved the experimental procedure (50, 18/07/2017).


Table 1 | Pharmacological treatment.





Experimental Procedure

To evaluate the sense of agency we used a specific research paradigm based on the Sensory Attenuation phenomenon. We asked participants to seat and place their hands on a desk. Stimuli (see details in Electrical Stimulation section) were randomly administered in two experimental conditions: “self-generated stimulation”, wherein subjects had to press a button with their left index finger to generate the stimulation; “other-generated stimulation”, wherein the experimenter pressed the button to generate the same stimulation (see Figure 1). To avoid response bias and to control for phantom sensations, catch trials (without stimulation) were randomly included and then excluded for the analysis. After each trial, subjects had to report the perceived intensity of the stimulus on a 0–7 points Likert’s Scale where 0 corresponded to “no intensity” and 7 corresponded to “very high intensity”. The experiment consisted of 20 trials of “self-generated stimulation”, 20 trials of “other-generated stimulation”, and 4 catch trials (2 self-generated and 2 other-generated catch trials) for a total of 44 stimuli.




Figure 1 | Experimental conditions. Left panel shows the “self-generated stimulation” condition (light blue) in which participants had to press the button with their left hand to deliver the stimulus (depicted as the red lighting). Right panel shows the “other-generated stimulation” condition (orange) in which participants were asked to stay still while a co-experimenter pressed the button to deliver the stimulus. Note that, in this condition, participants were asked to observe experimenter’s action.





Electrical Stimulation

Transcutaneous electrical stimuli consisted in constant current square-wave pulses (Digitimer, Model DS7A) delivered to the right hand dorsum using surface bipolar electrodes attached on the flexor and abductor pollicis brevis (muscles between the metacarpal bones of the index finger and thumb). The stimulus duration was 200 μs and the stimulation intensity was adjusted according to the individual sensory threshold level (i.e., the stimulation intensity wherein participants were able to detect stimuli in the 50% of trials). The mean stimulus intensities were 2.10 ± .40 mA, range 1.46–2.64 mA for the BPD+NSSI group, 1.88 ± .77 mA, range .24–2.80 for BPD-NSSI, and 1.64 ± .39 mA, range .91–2.64 mA for the CTRL group. During the experiment the stimulation intensity was set slightly above the threshold (Stimulation intensity = intensity threshold*2.5 mA), so that participants always perceived the tactile stimulation. In order to avoid habituation, three electrodes were connected to the electrical stimulator: that one with the negative polarity was kept in the same position, while the other two with positive polarity were activated one at a time, so that participants may perceive the stimulation from two distinct part of the hand dorsum (see Figure 2). Each set of electrodes was activated randomly.




Figure 2 | Stimulation set-up. Three electrodes were attached on the subjects’ right hand: two of them with a positive polarity and the other one with negative polarity that was also the farthest electrode from the participant’s body. For each trial, only two electrodes were engaged: the one with negative polarity and one between the other two (chosen randomly).





Self-Report Questionnaires

At the end of the experimental procedure, participants were asked to answer to some self-report questionnaires. Each patient received a booklet including the clinical scales and received the indication to fill them out following the order of the booklet. The questionnaires were delivered after the behavioral task and returned within 3 days. The following questionnaires were included:


	Dissociative Experiences Scale (DES) (42) is used for the evaluation of type and severity of any dissociative aspects. It is composed of 28 items that describe the most common dissociative experiences. Subjects have to rate how frequently each of these experiences has occurred over the course of his/her life by using a 11-point Likert’s scale, which proposes a percentage from 0% at 100%.


	Inventory of statements about self-injury (ISAS) (43) is used for the evaluation of self-injurious behavior. The questionnaire is divided in three main sections. In the first one, the subject is questioned about the frequency and nature of self-injurious behavior throughout his/her life, proposing 12 of the most frequent self-harming behaviors (cutting, biting, burning, incising, pinching, pulling hair, severely scratching, hitting or bumping violently, interfering with wound healing, rubbing the skin against a rough surface, sticking needles, and ingesting dangerous substances). Participants are encouraged to estimate the number of times they performed each behavior. Five additional questions evaluate descriptive and contextual factors, including the age of onset, the possible experience of pain during self-injurious behavior, if it is performed when the subject is alone or with other people around, the time elapsing between impulse to injury and the effective action, and if the individual wants, or has ever wanted, to stop self-injury. The second section examine the personal motivations underlying these behaviors. It focuses on the two main factors of self-injury: interpersonal factors, which include items with regard to 8 functions (autonomy, interpersonal boundaries, influence interpersonal, bond with peers, revenge, self-care, search for sensations and test of strength, and tenacity), and intrapersonal factors, which include other 5 functions (affective regulation, anti-dissociation, anti-suicide, distress marker, and self-punishment). There are 39 items characterized by a 3-point Likert scale, where 0 = not relevant to my experience and 3 = very relevant to my experience. In the third, and last, section of the questionnaire, subjects can describe in more detail his/her own experiences regarding the functions investigated in the previous section.


	Symptom Checklist-90-R (SCL-90-R) (44) evaluates the presence and severity of symptoms of mental distress in the last week. The questionnaire is composed of 90 items and investigates different symptom dimensions such as somatization, obsession/compulsion, interpersonal sensitivity, depression, anxiety, hostility, phobic anxiety, paranoid ideation, psychoticism, and sleep disorders. Each item is scored on a 5-point Likert’s scale ranging from “Not at all” to “Very much”.


	Difficulties in Emotion Regulation Scale (DERS) (45) analyses the difficulties in regulating emotions, especially concerning negative emotions. It focuses in particular on the following dimensions: awareness and understanding of emotions, acceptance of emotions, the ability to behave in accordance with one’s goals and to regulate impulsive behavior even in the face of negative emotions, and finally the ability to use flexible strategies of emotional regulation appropriate to the context and situational demands. This scale is composed of 36 items with a 5-point Likert’s scale where 1 corresponds to “almost never” (0%–10%), 2 to “sometimes” (11%–35%), 3 to “about half the time” (36%–65%), 4 to “many times” (66%–90%) and 5 to “almost always” (91%–100%).


	Barratt Impulsiveness Scale, version 11 (BIS 11) (46) is used for the evaluation of impulsive traits and emotional dysregulation in the subject’s personality. The structure of the instrument allows the identification of six first-order factors and three second-order factors: first-order factors attention and cognitive instability identify attentional impulsiveness; perseverance and motor behavior denote cognitive impulsiveness and self-control and cognitive complexity specify unplanned impulsiveness. This tool is composed of 30 items evaluated on a 4-point Likert’s scale, where scores correspond to: 1 = never/rarely and 4 = almost always/always.


	Beck Depression Inventory II (BDI-II) (47, 48). It measures incidence and severity of depressive symptoms. The BDI version 2 is composed of 21 items to which the subject responds on a 4-point Likert scale (with a range from 0 to 3). Questions are based on how he/she felt in the previous two weeks about specific areas of daily life: sadness, pessimism, sense of failure, loss of pleasure, guilt, feelings of punishment, self-esteem, self-criticalness, suicidal thoughts, crying, agitation, loss of interest, indecision, sense of worthlessness, loss of energy, changes in sleeping, irritability, changes in appetite, concentration, fatigue, and loss of libido.


	State-Trait Anxiety Inventory (STAI-Y) (49). The questionnaire is used for the assessment of anxiety and consists of two sub-scales: T evaluates the levels of trait anxiety, through questions that investigate the subject about his usual mood, i.e., stable and persistent emotional state of the individual. Both scales contain 20 items, and the score is assigned on a 4-point Likert’s scale in which 1 corresponds to “not at all” and 4 to “very much”. On the contrary, S investigates state anxiety, i.e., questions investigate how the individual feels in the specific moment of the administration of the questionnaire, and describes his/her current moods.






Data Analysis


Behavioral Analysis

Data analysis was performed using Statistica 7 software. In order to verify whether each of the three groups (BPD+NSSI, BPD-NSSI, and CTRL) could perceive the stimulation intensity as different between conditions, we first performed within-subjects analysis by comparing subjective ratings obtained in the self-generated to those of the other-generated condition through paired t-tests (2-tails). Then, in order to compare the between conditions differences in the perceived stimulation intensity between groups, we calculated an attenuation index (Δ) by subtracting the mean ratings of the other-generated from the mean ratings provided in the self-generated condition (Δn = Sn – On; S: mean of the self-generated ratings of subject n; O: mean of the other-generated ratings of subject n; Δ = attenuation index of subject n). Therefore, an index with negative values indicated the presence of the attenuation effect (self-generated perceived as less intense as compared to other-generated stimulations), whereas an index with positive values indicated the opposite trend (other-generated perceived as less intense as compared to self-generated stimulations). The obtained attenuation indices (i.e., delta values) were entered in a one-way repeated measures ANOVA with group (three levels: BPD+NSSI, BPD-NSSI, and CTRL) as between subject factor. Post-hoc comparisons were performed by the Newman–Keuls test.

In order to verify whether the stimulation intensities differed among the three groups (BPD+NSSI, BPD-NSSI, and CTRL), a one-way ANOVA on the stimulation intensities was performed, and furthermore, in order to verify whether such differences may predict the between group differences in the attenuation index a one-way ANCOVA was conducted with intensity values as covariate.

Furthermore, since the groups were not match for educational level, in order to exclude that differences among Groups might be simply ascribed to the different educational levels, a one-way ANCOVA was also conducted on attenuation indices with group (BPD+NSSI, BPD-NSSI, and CTRL) as between subject factor and educational level as covariate.

Finally, although the two BPD groups did not differ in pharmacotherapy, to exclude that the between groups effect might be ascribed to differences in medication, we have performed a one-way ANCOVA on attenuation indices with group (BPD+NSSI and BPD-NSSI) as between subject factor and medication as covariate. However, it is worth noticing that the presence of pharmacotherapy is an open issue in psychiatric studies, about 90% of BPD patients receives medication with often polipharmacotherapy, despite the recommendation of the scientific society. Furthermore, it is not clear the effect of different drugs on brain functions (50, 51).



Questionnaires Analysis

To evaluate any difference among the three groups on the scores at the different questionnaires (DES, ISAS, DERS, BIS11, BDI-II, and STAI-Y), we ran a one-way repeated measures ANOVA with group (three levels: BPD+NSSI, BPD-NSSI, and CTRL) as between subject factor. Post-hoc comparisons were performed by the Newman–Keuls test. For the SCL-90-R and ISAS questionnaires, completed only by BPD groups we performed unpaired t-tests (2 tails). Note that questionnaires were not completed by all subjects, therefore the analysis for some questionnaires were performed on reduced samples.



Correlation Analysis

In order to investigate a relation between the clinical features of participants and the attenuation index, we performed Spearman correlations. To account for multiple comparisons, the significance level (p value) was corrected using a false discovery rate (FDR) procedure1 (52).





Results


Behavioral Results

The t-tests over the subjective ratings on the perceived stimulation intensity showed that the CTRL group, as expected, experienced the classical attenuation effect as they reported significantly less intense the self-generated (mean ± SD = 5.04 ± 0.75) as compared to the other-generated (mean ± SD = 5.23 ± 0.67) stimuli (t(19) = -2.554; p =.019). As the CTRL group, the BPD+NSSI showed an attenuation effect, with lower ratings for the self-generated (mean ± SD = 4.62 ± 1.2) as compared to the other-generated (mean ± SD = 4.92 ± 1.08) stimuli (t(8) = -3.583; p =.007). Interestingly, the BPD-NSSI group showed an opposite pattern compared to both controls and BPD+NSSI, reporting as significantly more intense the self-generated (mean ± SD = 4.95 ± 1.2) as compared to the other-generated (mean ± SD = 4.41 ± 1.69) stimuli (t(10) = 2.460; p =.034) see Figure 3.




Figure 3 | Within group analysis. Separately for each group, it is reported the significant difference between subjective ratings on the perceived painful stimuli during the two experimental conditions (i.e., self-generated stimulation in light blue and other-generated stimulation in orange). Note lower responses in self-generated compared to other-generated stimulation (i.e., sensory attenuation) in both CTRL and BPD+NSSI groups, while an opposite pattern was found in the BPD-NSSI group. Error bars indicate sem. Asterisk indicates the significant comparison (*p < .05; **p < .005).



The ANOVA on the attenuation indices showed a main effect of group (F(2,37) = 10.970; p =.0001, η2 =.37; power =.98) suggesting significant differences in the attenuation effect among the three groups (BPD+NSSI, BPD-NSSI, and CTRL) (see Figure 4). At post-hoc comparisons no difference in the attenuation effect was found between CTRL (mean ± SD = -.20 ± .34) and BPD+NSSI group (mean ± SD = -.30 ± .25) (p =.59). On the contrary, the BPD-NSSI group was significantly different compared to both CTRL (p =.0005) and BPD+NSSI group (p =.0003), showing an opposite pattern (mean ± SD =.54 ± .72), that is the self-generated stimuli were perceived as more intense as compared to the other-generated one.




Figure 4 | Between groups analysis. Significant differences in the sensory attenuation index between groups (CTRL in black; BPD-NSSI in gray, and BPD+NSSI in grey diagonal lines pattern). Error bars indicate sem. Asterisk indicates the significant comparison (** p < .005).



The ANOVA on the stimulation intensity did not show a significant effect of group (F(2,37) = 2.52; p =.09), even if the tactile threshold was slightly different between groups. The CTRL group had the lowest threshold (mean ± SD = 1.64 ± .39) followed by the BPD-NSSI group (mean ± SD = 1.88 ± .77) and by the BPD+NSSI group that had the highest threshold (mean ± SD = 2.10 ± .40), see Figure 5.




Figure 5 | Threshold level. Separately for each group, the intensity stimulation (mA) is reported. Error bars indicate sem. (CTRL in black; BPD-NSSI in gray, and BPD+NSSI in gray diagonal lines pattern).



No significant effect emerged for covariate variables medication and stimulation intensity (all ps >.4) whereas the covariate educational level showed a significant effect (p =.03). Despite this, the variable Group was always still significant after controlling for all covariate variables: medication (F(1,17) = 10.099; p =.006), stimulation intensity (F(2,36) = 10.747; p =.000), and educational level (F(2,36) = 14.768; p =.000).



Questionnaires Results

Analyses of self-report questionnaires showed that the BPD+NSSI group had the highest severity for symptomatology of the pathology (see Table 2).


Table 2 | Participants’ score on self-report questionnaires.



One-way ANOVA performed on the DES scores showed a significant main effect of group (F(2,34) = 12.36; p =.0001) suggesting that the BPD+NSSI group gave a significantly greater score compared to both BPD-NSSI (p =.0003) and CTRL group (p =.0001). While, the DES scores were not different between BPD-NSSI and CTRL (p =.5).

Scores of functions of self-harming behaviors were assessed by ISAS. These scores concern the two experimental groups and results showed no significant effect of group neither in interpersonal (t(12) =.199; p =.845) nor intrapersonal scale (t(12) = 1.239; p =.239).

Furthermore, the ISAS allowed also a quantification of the number of self-harming behaviors. The BPD+NSSI group showed a higher number of NSSI (N= 6355) and the most frequent behavior was represented by “cutting” (N = 1027). On the contrary, the BPD-NSSI group showed a smaller number of NSSI (N = 2565) and the most frequent behavior was “interfering with wound healing” (N = 1010).

Concerning the SCL-90-R, the scale was administered only to the two BPD sub-groups since it evaluates psychopathological symptoms. We used the Global Severity Index (GSI) and detected no significant difference between the two groups (t(14) =.442; p =.665).

The ANOVA on the DERS questionnaire, that evaluates the difficulty in emotion regulation, showed a significant main effect of group (F(2,35) = 9.5; p =.0005), suggesting an higher score in the BPD+NSSI group compared to both BPD-NSSI (p =.02) and CTRL group (p =.0006). On the contrary the difference between BPD-NSSI and CTRL group was marginally significant (p =.08).

Regarding BIS-11 questionnaire, evaluating the impulsiveness level, we observed a significant effect of group (F(2,33) = 4.08; p =.02) indicating that the BPD+NSSI group had a significantly higher score compared to the CTRL group (p =.03) and not compared to BPD-NSSI group (p =.15). However, even if the BIS-11 score of the BPD-NSSI group was higher than CTRL group, this did not reach the significance level (p =.25).

Results on the BDI-II, evaluating the depression symptoms, showed a main effect of group (F(2,34) = 11.1; p =.0002), suggesting an higher score for the BPD+NSSI group compared to both BPD-NSSI (p =.01) and CTRL group (p =.0003). Between BPD-NSSI and CTRL there was a trend (p =.07) suggesting greater depression symptoms in the pathological group.

Regarding anxiety, ANOVA on STAI-T scores showed a main effect of group (F(2,29) = 11.3; p =.0002) indicating an higher score for the BPD+NSSI group compared to both BPD-NSSI (p =.01) and CTRL group (p =.0004). While, between BPD-NSSI and CTRL only a trend was observed (p =.06).

Conversely, no significant effect emerged from the ANOVA over the STAI-S (F(2,30) = 2.23; p =.12).



Correlation Results

No significant correlations were observed between questionnaires and sensory attenuation index (always p >.05).




Discussion

The present study was aimed at investigating the role of dissociation and the sense of agency in individuals with BPD with and without NSSI behaviors. To this aim we exploited the well-known Sensory Attenuation phenomenon, considered to be an implicit measure of sense of agency (26).

Our initial hypothesis was that the BPD+NSSI group would show higher dissociative symptoms. The results confirmed the hypothesis that dissociation is related to NSSI behavior. Coherently with our hypothesis, BPD with NSSI showed higher dissociative symptoms in comparison with both BPD without NSSI and healthy controls. The relationship between dissociation and NSSI seems also to be confirmed by the number of NSSI which is extremely higher in the BPD+NSSI group.

The clinical functions of self-harm are manifold: affect-regulation, anti-dissociation, self-punishment, interpersonal influence, anti-suicide, interpersonal boundaries, and sensation-seeking (6). Furthermore, more recent research has identified in attentional focusing a possible mediator between BPD and self-harm (53). One of the possible hypothesis is that by inducing physical pain, patients with dissociative symptoms may regulate feelings of distress related to dissociation, such as a sense of loss of control, an estrangement from reality, and experiences of numbness (5, 54, 55). However, since the highest percentage of dissociation was found in our sample of BPD+NSSI, this suggests that the temporal relief afforded by NSSI behaviors is not effective for the long-term reduction or mitigation of dissociative symptoms. Although dissociation and NSSI are linked, their temporal relationship remains unclear. Patients’ clinical reports suggest that states of dissociation precede acts of NSSI. However, it is also possible that some states of dissociation may be the result of NSSI behaviors (56). Further investigation will be needed in order to understand the causal relationship between NSSI behaviors and dissociative symptoms.

The second aim of the study was to evaluate the sense of agency in BPD with and without NSSI behaviors. We expected that BPD+NSSI would show less sensory attenuation than BPD-NSSI and controls. In other words, we expected that they would be unable to discriminate between self- and other-generated stimuli and would therefore show less sensory attenuation in self-generated stimulation than controls.

The data revealed an unexpected result for both clinical groups (BPD+NSSI and BPD-NSSI). Indeed, the BPD+NSSI group did not differ from the CTRL group and they showed a usual pattern of sensory attenuation. In contrast, the BPD-NSSI group showed sensory attenuation with a reverse pattern, perceiving self-stimulation as more intense than other-generated stimulation.

These findings might suggest a counterintuitive effect of NSSI behaviors. We speculate that the NSSI behaviors may generate a sense of agency by virtue of having used an active strategy to overcome an aversive internal state. From the self-reports of NSSI patients, we know that one result produced by cutting is a modification of the sense of unreality, of being unreal or indeed of being nothing at all, which precedes the act. The act of cutting appears to enable a new set of emotional and physical sensations which allow the individual to feel alive again. We may therefore hypothesize that these subjective sensations may also be linked to a renewed sense of agency, of being an individual who is capable of taking action in and on his/her environment, and who can plan and carry out intentional actions. From this standpoint, it is plausible that cutting may also contribute to re-establishing awareness of physical agency. This could account for the evaluation of the BPD+NSSI group as similar to healthy controls in the paradigm of sensory attenuation.

It is important to note that this difference between BPD+NSSI and BPD-NSSI cannot be attributed to differences in perceptive thresholds. Even though both BPD groups showed a significantly higher threshold than the CTRL group, such difference was not statistically significant and did not predict the differences in sensory attenuation among groups. This result is in line with previous studies which suggest a specific sensory perception in pain domain in patients with BPD, but no alteration in tactile proprioceptive perception compared to healthy controls (21, 57).

Furthermore, the group differences in the sensory attenuation remained significant even when controlling for educational level which appeared to be significantly different among groups. Whether it could be argued that education could be a possible confounder, it could be noted that a lower level of education compared with general population is a common feature in psychiatric patients (58) and it is strictly linked with psychopathology. Future studies with larger sample will allow to better clarify the impact of education.

Further clarification is also required for the anomalous results of the BPD group who do not engage in NSSI behaviors. Currently, we can propose no hypotheses or links to other clinical aspects of BPD. DES scores do not explain differences on the sensory attenuation effect. However, a larger sample could perhaps generate further insights into the relationship between dissociative aspects and sense of agency.

Consistently with previous findings, our data suggest that BPD patients who enact NSSI behaviors present a more complex psychiatric profile than those patients who do not engage in NSSI behaviors (4, 21). Along with dissociative symptoms, BPD+NSSI exhibited higher score of anxiety disorders, depression, emotion dis-regulation and impulsivity, and dysfunctional coping strategies. However, clinical features do not show any relation with the sensory attenuation phenomenon and thus with the sense of agency.

This study has a number of limitations which must be addressed. One important limitation is the low number of patients involved. The small size of the two clinical groups (9 BPD+NSSI and 11 BPD-NSSI) could have affected the statistical power of our analysis and did not allow us to find significant correlations with most of the symptoms’ measurements. The absence of cognitive measures represents another main limit. In recent years, increasing literature focused on the role of neurocognitive deficits in the development of BPD with growing evidence pointing to cognitive deficits in Executive Functions (53, 59, 60). Although some evidence suggests that NSSI patients may exhibit more severe Executive Functions deficits, several studies support the idea that cognitive neuropsychological deficits may represent one of the core aspects of BPD. Certainly, this aspect has to be considered in upcoming research.

Future studies would benefit from distinguishing clearly between trait aspects and state aspects of dissociation. This would facilitate a more fine-grained understanding of the role played by dissociative states and by sense of agency in NSSI behaviors. The current study evaluated only trait aspects of dissociation. We are therefore unable to establish clear temporal and causal relationships between NSSI and dissociation. Evaluation of state traits of dissociation could possibly enhance understanding of both antecedents and consequences of acts of NSSI and their relationship with the sense of agency.
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Footnote

1The Benjamini-Hochberg FDR procedure allows to control the fact that some p-values may happen by chance. It consists in putting all p-values in ascending order, assigning them ranks and applying a specific formula (I/T)P where I is the individual p-value’s rank, T is the total number of performed tests, and P indicates the percentage of false discovery rate.
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Non-suicidal self-injury (NSSI) is prevalent in adolescence and is associated with increased risk for a variety of subsequent negative mental health outcomes, necessitating an evidence-based preventive approach. This pilot study examines the potential iatrogenic effects and feasibility of an evidence-based school program for the prevention of NSSI. Differences are examined between a general in-classroom prevention program (Happyles) and this program combined with a 1-h in-classroom psychoeducation module on NSSI (HappylesPLUS) in terms of primary (e.g., delay in NSSI onset and decrease in NSSI frequency, urges, probability of future engagement) and secondary outcomes (e.g., psychological distress, emotion regulation, help-seeking, and stigma) using a mixed-method design. A total of 651 secundary school pupils (Mage = 12.85 years; 49.8% female versus 50.2% male) were assigned to the Happyles program and HappylesPLUS. Participants filled out validated self-report questionnaires pre (T0) and post (T1, 6 weeks after T0) the school prevention program, including the Youth Outcome Questionnaire (YOQ), the Brief Non-Suicidal Self-Injury Assessment Test (BNSSI-AT), the Difficulties in Emotion Regulation Scale (DERS), the Attitudes Toward Seeking Professional Psychological Help Scale—Short Form (ATSPPH-SF), and the Peer Mental Health Stigmatization Scale (PMHSS). Qualitative semi-structured interviews (at T2,6 weeks after T1) were conducted with participants with and without a history of NSSI. Overall, results show no iatrogenic effects of the NSSI-focused psychoeducation module. In terms of our primary outcome, both groups reported a reduced likelihood of future NSSI engagement from T0 to T1. Regarding secondary outcome measures, we also observed increased emotional awareness in both groups. The qualitative data suggest that the addition of the NSSI-specific module to the Happyles program may have direct benefits to some students with lived experience, such as increased help-seeking behavior for NSSI. Findings of this pilot study show that incorporating NSSI-specific modules into evidence-based school prevention programs is feasible and does not lead to iatrogenic effects. Future work is needed to evaluate the potential (longer-term) benefits of incorporating NSSI-focused modules to evidence-based mental health programs in the prevention of NSSI.
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Introduction

Non-suicidal self-injury (NSSI) is the deliberate self-inflicted damage of one's own body tissue without suicidal intent (1) and includes behaviors such as cutting, burning, and hitting oneself (2). The lifetime prevalence of NSSI is around 17.2% among adolescents (3), with 10% reporting a 12-month prevalence of NSSI (2) and 6% meeting criteria for the recently proposed Diagnostic and Statistical Manual of Mental Disorders (DSM-5) NSSI disorder (4). Adolescence carries the highest risk for onset of NSSI, with prevalence rates starting to increase in early adolescence, between the ages of 11 and 13 years (e.g., 5, 6), and reaching a peak in mid-adolescence between the ages of 14–15 years (5, 6).

For most adolescents, NSSI is a way to cope with intense emotions, self-critical thoughts, or to signal distress to others (2). NSSI is prospectively associated with increased risk for a variety of negative mental health outcomes, including anxiety, depression, disordered eating, and personality disorders (7–10). For example, an earlier age of onset of NSSI (before age 13) and longer duration of NSSI during adolescence have been shown to significantly predict adult borderline personality disorder (BPD) (8). Also, several studies show NSSI to be a potent and unique risk factor for attempted suicide (11, 12). Young people engaging in NSSI are at increased risk for all forms of suicidal thoughts and behaviors, with as few as two to five episodes of NSSI conferring a fourfold increase in subsequent suicidal thoughts and behavior (13). Yet, only 17% of adolescents who engage in NSSI receive professional help for self-injury (2). NSSI is also not only associated with a variety of negative mental health outcomes, but can have profound consequences for others as well. Parents, for example, tend to feel overwhelmed and experience secondary mental distress after the discovery of their son's or daughter's NSSI (14). About one in three students also report that they know somebody who self-injures, which leads to stress among peers, and a desire for education and resource among teachers and school staff who frequently encounter youth who engage in NSSI [eg., (15)]. According to Hasking and colleagues (16), disclosure to parents, peers and teachers offers a positive outlook for future help-seeking, as long as the reaction to the NSSI disclosure occurs in an understanding and supportive manner. Research [eg., (17)] has shown that stigma related to NSSI as well as negative reactions (online/offline) increases the risk for NSSI and may create help-seeking barriers, and should, therefore, be targeted in the prevention of NSSI. Unfortunately, while there has been an increase in our understanding over the past decade of the factors that govern risk of NSSI [e.g., (18)], the development of evidence-based approaches for prevention remained nascent (18). In their review of NSSI prevention literature, primarily based on lessons learned from related health challenges, Heath et al. (19) and Kruzan & Whitlock (18) layout key considerations for evidence-based prevention programs targeting NSSI. The authors converge on the notion that school-based NSSI prevention and early intervention programs for young adolescents are likely to be most effective.

To the best of our knowledge, only one school-based prevention program for NSSI has been published, namely The Signs of Self-Injury (SOSI) program. The SOSI (20) program involves providing psychoeducation to school personnel (focusing on warning signs and response to NSSI disclosure) and developing guidelines for school policies. It also consists of a 50-min in-class-room component and focuses on teaching students to use the ACT model (Acknowledge the signs, Care for the person by showing desire to help, and Tell trusted adults) for supporting peers who self-injure. Results of a pilot study (21) showed no iatrogenic effects (i.e. no increase in NSSI thoughts and behaviors) and an increase in knowledge of NSSI, and greater comfort and perceived ability to assist peers who self-injure. While these findings are promising, Heath et al. point out that the study did not measure changes in help-seeking behavior of students currently engaging in NSSI or decreases in rates of NSSI thoughts/behaviors. Moreover, since the SOSI program focuses on providing school personnel and students with information and guidelines for responding to incidents of NSSI, this is a tertiary prevention program (i.e. intervening when the behavior has occurred to minimize further difficulties), rather than a primary (i.e. to prevent onset by intervening within a large normative population) or secondary (i.e. to delay the onset of the program by focusing on an at-risk group of individuals) prevention program. However, Heath et al. (19) stress the necessity of also developing evidence-based primary and secondary prevention strategies for NSSI. Several primary and secondary prevention programs focusing on mental health in general [e.g. Happyles and DBT in schools; (22–24)] and focusing on prevention of suicide in schools [e.g. the Saving and Empowering Young Lives in Europe (SEYLE) study; (25)] have been developed but the efficacy of these programs for NSSI is unclear.

The SEYLE (25) is a blended primary/secondary prevention program to prevent suicidality. In the SEYLE study, researchers examined the effectiveness of three prevention programs: gatekeeper training for school staff, screening for professionals, and Youth Aware of Mental Health program (YAM; five sessions of student role play, focusing on mental health). In this large-scale study, 11,110 adolescents (average age 15 years) were randomly allocated to prevention programs. Results showed a significant reduction in suicidal ideation and attempts for the YAM program but not for the gatekeeper training nor the screening program. Regrettably, effects on NSSI were not considered in this study.

DBT skills training for emotional problem solving for adolescents [DBT-A STEPS; (24)] is a school-based program for developing emotion regulation, interpersonal and problem-solving skills for middle and high school students (secondary prevention). While there are two evaluations of this program in educational settings, neither included NSSI measures (26, 27).

A promising new school-based stepped-care prevention program is Happyles [developed by Trimbos NL, (22)]. “Happyles” focuses on enhancing general mental well-being and social connectedness and is based on an eclectic approach grounded in positive psychology, cognitive behavioral therapy and problem solving. “Happyles” incorporates the following themes: fostering positive feelings, addressing negative thinking and stimulate positive thinking, taking control of one's life by managing problems or stress, becoming aware of future goals and making short-term plans to achieve them, and investing in connections with other people. Happyles has been shown to reduce internalizing symptoms, especially in high-risk groups (22, 23). However, the effectivity regarding the prevention of NSSI has not been examined thus far.

Although promising approaches exist, such as those described above, the effectiveness of school-based primary/secondary preventions programs with regard to prevention/delay in onset of NSSI is an important gap in the literature. In addition to the dearth of research, there is debate about whether or not prevention programs which focus on general mental health (and increased emotion regulation strategies and coping skills) are sufficient to prevent the onset of NSSI without specific components for addressing NSSI-related risk factors [e.g. (19)]. Some NSSI scholars who have considered this issue [e.g., (18, 28)] argue that effective school-based prevention will need to include NSSI-specific psychoeducation aimed at increasing awareness of NSSI as well as clear strategies for stopping the spread of contagion (and other NSSI-related factors such as NSSI stigma) in order to be effective to prevent/delay onset. However, most schools are afraid for potential iatrogenic effects. No empirical studies thus far have examined potential iatrogenic effects of a psychoeducational module on NSSI.

To this end, the first goal of this pilot study is to test the effectiveness of a school-based prevention program (i.e. Happyles) focusing on mental health for reducing NSSI behaviors in secundary school populations. Secondly, potential iatrogenic effects of a psychoeducational module on NSSI are examined. Furthermore, we will test whether adding a psychoeducation component targeting NSSI (NSSI awareness, decreasing stigma, the role of social media; HappylesPLUS) is beneficial in terms of a) NSSI-related outcomes (new onset, frequency, urges and liklihood of future engagement in NSSI), and b) secondary outcomes such as psychological distress (e.g., depressive symptoms), emotion regulation strategies, help-seeking, and de-stigmatization. Also, the experience of participants that followed the HappylesPLUS program will be explored using qualitative interviews.



Methods


Participants

The participants of this study were 651 pupils, between the ages of 11 and 15 (M = 12.85, SD =.769). In this sample, there were 323 (49.8%) girls, 326 (50.2%) boys and two pupils who did not indicate their sex (0.3%). Participants were recruited from six secondary schools in Belgium willing to participate in the study (i.e., convenience sampling). The researchers contacted the principals of some of the schools based on regional proximity, while other schools were known to the research unit because of previously reported NSSI incidents in these schools.

In total, 754 pupils were invited to participate in the study, of which 651 participated in both the pre- and post-measurements (response rate = 86.7%). Reasons for not participating were illness, conflicts in schedules of some pupils due to compulsory classes, one parent expressed concern about the potential iatrogenic effect of the program, and for some students it was too much of an intellectual challenge to fill out the questionnaires.



Materials

All participants filled in demographic questions (about e.g., age and sex) and validated existing self-report questionnaires, including the Youth Outcome Questionnaire [YOQ-SR 30.1; (29)], the Brief Non-Suicidal Self-Injury Assessment Test [BNSSI-AT; (30)], the Difficulties in Emotion Regulation Scale [DERS; (31)], the Attitudes Toward Seeking Professional Psychological Help Scale—Short Form [ATSPPH-SF; (32)], and the Peer Mental Health Stigmatization Scale [PMHSS; (33)]. All questionnaires are administered during the first (t0) and the last happyles class (t1, approximately 6 weeks after T0).

The YOQ-SR 30.1 is a Dutch version of the YOQ (29), of which we used the self-report questionnaire. This questionnaire consists of 30 questions about the behavior of adolescents, scored on a 5-point Likert-type scale. The 30 items measure six subscales: Somatic Problems, Social Isolation, Aggression, Conduct Problems, Hyperactivity/Distractibility, and Depression/Anxiety). In this survey, the internal consistency of the total score is excellent: Cronbach's alpha is.90 at time 0 and.92 at time 1. The internal consistency of the subscales Conduct Problems (α =.75 at t0 and.79 at t1) and Depression/Anxiety (α =.74 at t0 and.77 at t1) and Aggression at time 1 (α =.70) is good. Finally, the internal consistency of the subscales Somatic (α =.66 at t0 and.69 at t1), Social Isolation (α =.67 at t0 and t1) and Hyperactivity/Distractibility (α =.65 at t0 and.63 at t1), and Aggression (α =.63 at t0) are acceptable.

Six items of the BNNSI-AT-NL, a Dutch translation of the Brief Non-Suicidal Self-Injury Assessment Tool (NSSI-AT), are used to screen NSSI (34). The BNNSI-AT-NL is a screening questionnaire for self-injuring behavior, developed by Whitlock and colleagues, and translated by Baetens and Claes (35). At t1 (at the end of the last Happyles class), students are asked to report their urge since the beginning of the Happyles-classes (t0), number of acts since the beginning of the Happyles-classes (t0), and likelihood for new acts in the future.

The Dutch translation of the DERS (31) measures two domains of difficulties in emotion regulation, namely “Lack of Emotional Awareness” and “Difficulties Controlling Impulsive Behavior when Experiencing Negative Emotions.” In our sample, the internal consistency of subscale “Lack of Emotional Awareness” is good (α at t0 =.81, α at t1 =.85). The internal consistency of “Difficulties Controlling Impulsive Behavior when Experiencing Negative Emotions” is also good at both time points (α at t0 =.85; α at t1 =.84).

The Dutch translation of the ATSPPH-SF (32) issued to get a better understanding of help-seeking behavior. The ATSPPH-SF is a self-report measure of attitudes toward seeking mental health care. The ATSPPH-SF measures two aspects of help-seeking behavior, namely openness to seeking treatment for emotional problems and value and need in seeking treatment (36). The ATSPPH-SF uses a 4-point Likert-type scale (0 = “Disagree” to 3 = “Agree”), whereas we use a 5-point scale. The short version has demonstrated good internal consistency in previous studies (α =.82–.84; 35). In the current study, the internal consistency for Openness is good (α at t0=.82 and α at t1 =.85). The internal consistency for value and need in seeking treatment, however, is unacceptable at both time 0 and time 1 (α =.37 at t0 and α =.46 at t1), and this subscale was therefore not used in the study.

Finally, in order to measure the change in the level of stigmatization toward adolescents with mental health problems, we utilize the Dutch translation of the PMHSS (33). The PMHSS contains 24 statements about peers with mental health problems that are rated on a 5-point Likert-type scale. In this study, we assess the subscales Stigma Agreement (personal endorsement of stigmatizing statements toward youth with mental health problems) and Stigma Awareness (awareness of prevailing societal stigma toward youth with mental health problems). McKeague et al. (33) showed that the PMHSS is a psychometrically sound instrument with good retest reliability. In our study, the internal consistency for Stigma Awareness and Stigma Agreement is good at time 0 (α=.70–.77) and at t1 (α =.83–.87).



Procedure

This study was approved by the ethical committee of the university hospital of Brussels (Commissie Medische Ethiek UZ Brussel). All parents received a passive informed consent form via the schools, and all pupils signed an active informed consent form.

We randomly allocated the participating classes of 6 secundary schools to one of both conditions. We used Happyles as the basis of our universal prevention program for all participating pupils at all schools. Happyles is effective to enhance mental well-being in adolescents (22, 23), and is available in Dutch and is thus our primary choice as basis for a universal program (focusing on mental health, coping behaviors, emotion regulation, positive psychology). In total, 311 pupils (49.0% female) followed the regular Happyles program (henceforth referred to as Happyles). Each class received two in-classroom prevention lessons with classroom discussions and interactive assignments and two guided e-health lessons, all of which lasted about 50 min (see Supplementary Material for content of classes).

The other participants (n = 340; 50.4% female; henceforth referred to as HappylesPLUS), followed the Happyles program combined with the psychoeducation module on NSSI. This 50-min in-classroom module covered relevant topics in the prevention of NSSI [e.g., (17, 21)]: basic NSSI knowledge (prevalence, functions, risk factors), the role of social media, (de-)stigmatization of NSSI and help-seeking for NSSI. As no prevention module incorporating all of the above target themes for prevention was available in Dutch, Prof. Dr. Baetens developed the KRAS-module (including KRAS-documentary). This 50-min module started with a documentary in which young adults who used to engage in NSSI discussed what they experienced as being helpful. This documentary was followed by a guided class discussion on examples of self-care in general; advice for adolescents engaging in NSSI (to seek help), how to prevent NSSI contagion, and how to handle NSSI in social media. There also was a discussion on de-stigmatization of NSSI and how to help friends who engage in self-injury. The documentary and discussion often evoke emotional reactions among students (i.e., positive emotional exposure), so the KRAS-module ended with an emotion regulation exercise intended to soothe any overwhelming feelings. For more details on the content of the KRAS-module see Supplementary Material. This session was scheduled before the last Happyles class.

Six weeks after the four Happyles classes (and the KRAS-module), we organized a 15-min personal feedback session with all of the participants. These feedback sessions were an official part of the Happyles program. The first aim of these sessions was to refer the participants with an elevated risk profile to professional mental health care workers. The second aim of these individual sessions was to achieve a better understanding of how they perceived the intervention program via a semi-structured interview. These feedback sessions took place in the participating schools. See Figure 1 for a diagram summarizing the study procedure.




Figure 1 | Diagram of the study procedures.





Analyses

Descriptive statistics are reported for the primary study variables as proportions (%) or mean values (M) with associated standard deviations (SD). The chi-square statistic was used to examine associations between categorical variables. Using paired t-tests, we examined mean change on continues scales between pre- and post-measurement across conditions. Linear regression analysis was used to evaluate sensitivity for change with mean change scores as dependent variables and baseline measurement, gender, age, and condition as independent variables. To allow for group and scale comparability, scores on all scales are expressed as percent of maximum possible scores (POMP) (37). Pomp scores rescale such that the score is the percentage of the distance from the minimum (0%) to the maximum (100%) of a scale. To examine whether ranks of ordinal data differ between pre- and post-measurement Wilcoxon signed-rank test was used, with differences in the rank difference score between conditions (i.e., Happyles vs. HappylesPLUS) tested with a Mann–Whitney U test. Alpha was consistently set to 0.05 and all analyses were performed using SPSS v. 23.

The qualitative semi-structured interviews (of the HappylesPlus group only) were transcribed and ordered in an excel sheet. These data were analyzed with content analysis in MAXQDA software (38). It is a method for identifying, analyzing and reporting patterns (themes) within a data set as a means of identifying repeated patterns of meaning (39, 40). After the analysis, a hierarchical tree was created (see Figure 2).




Figure 2 | Hierarchical tree of qualitative experiences of NSSI-specific module. NSSI, non-suicidal self-injury.






Results


Preliminary Analyses

The data collected from the pre-measurement (t0) indicate that 14.9% of the sample reported a lifetime history of NSSI with a significantly, χ2(1) = 18.31, p <0.001, higher prevalence rate in girls (20.8%) than boys (8.8%). Of those with a history of NSSI, 49.4% reported having engaged in acts of NSSI for five days or more in their lifetime (6.7% of the sample). The prevalence of NSSI differed between both conditions, χ2(1) = 5.53, p = 0.019, with a higher percentage of students reporting a history of NSSI in the HappylesPLUS (18.1%) than the Happyles condition (11.4%). The three most commonly reported NSSI behaviors among those with a history of NSSI were cutting (44.1%), carving (30.1%), and wall/object punching (20.4%). The mean age of onset was 11.34 (SD = 2.14). Approximately one in four students (27.1%) reported at baseline significant levels of psychological distress (as determined by a cutoff of 29 or more on the Y-OC-Sr; Burlingame et al., 2001), with a significantly, (χ2(1) = 7.49, p = 0.006), higher proportion of students reporting elevated psychological distress in the HappylesPLUS (32.3%) than the Happyles condition (21.9%). Students with a lifetime history of NSSI were more likely to report elevated psychological distress (37.2% vs. 4.8%; χ2(1) = 94.87, p < 0. 001).



Effectiveness With Respect to NSSI-Related Outcome Measures

Across the course of the study, 26 students reported new onset of NSSI (incidence rate of 6%). Incidence proportions did not differ significantly, χ2(1) = 1.27, p = 0.259, between the HappylesPLUS (4.7%) and the Happyles condition (7.3%). Of those with a history of NSSI at baseline, there were no significant differences between the HappylesPLUS (M = 3.58; SD = 6.52) and the Happyles condition (M = 2.11; SD = 4.93) in the number of days participants engaged in NSSI since the start of the program (t(70) = 1.01, p = 0.317). When asked about the urge to self-injure over the past month, adolescents who self-injure reported equally strong urges in the HappylesPLUS (M = 3.53; SD = 3.40) and the Happyles condition (M = 3.39; SD = 3.14). Interestingly, however, the result of a Wilcoxon Signed Rank Test revealed that students with a history of NSSI reported less perceived probability of future engagement in NSSI acts following both the HappylesPLUS condition, (Z(42)= 6.09, p < 0.001) and the Happyles condition (Z(27) = 4.33, p < 0.001). This rank-order effect appeared not to differ significantly between both conditions (U= 509, p = 0.458).



Effectiveness With Respect to Secondary Outcome Measures

When considering changes on the YOQ 30.1, we observed no significant changes across both conditions on the Total Psychological Distress score, or for the subscales Social Isolation, Aggression, Hyperactivity/Distractibility, and Depression, and Anxiety symptoms (see Table 1). In both conditions, however, students reported a decrease in Somatic Problems. There was also an increase in Conduct Problems from pre- to post-measurement in the HappylesPLUS condition. A similar trend was apparent in the Happyles condition, but this did not reach statistical significance (p = 0.069; Table 1).


Table 1 | Changes in psychological distress from pre- to post-measurement.



Importantly, however, mean change scores did not differ significantly between conditions on any of the scales of the YOQ 30.1 (Table 2). Students with higher scores at baseline were more likely to show a decrease from pre- to post-measurement in both groups. Boys showed a significantly stronger reduction than girls on the Somatic Complaints scale (mean difference = 3.83; SE = 1.38, p = 0.006), while girls showed a stronger reduction than boys on the Aggression scale (mean difference = 2.73; SE = 0.98, p = 0.006). Older adolescents were also less likely to report a reduction on the Aggression scale.


Table 2 | Linear regression predicting change from pre- to post-measurement in psychological distress scales.



Next, we evaluated changes in emotion regulation regarding Impulse Control Difficulties and Lack of Emotional Awareness (Table 3). Although no change was observed regarding Impulse Control Difficulties across both conditions, we observed a significant improvement in Awareness of Emotions from pre- to post-measurement across both conditions. Again, mean change scores did not differ significantly between conditions on any of emotion regulation scales (Table 4), although there was a trend indicating a greater improvement in emotional awareness in the HappylesPLUS condition (p = 0.087) relative to the Happyles condition. Older students and those with higher scores at baseline showed greater improvement following the prevention programs on both the Impulse Control Difficulties and Lack of Emotional Awareness scale.


Table 3 | Changes in emotion regulation from pre- to post measurement.




Table 4 | Linear regression predicting change from pre to post-measurement in emotion regulation.



With respect to Openness to Seeking Treatment for Emotional Problems, neither the HappylesPLUS, (Mt0 = 43.04 SD = 23.69, Mt1 = 43.45 SD = 24.44, 95% CI mean difference = −2.15; 2.97, p = 0.751), nor the Happyles condition (Mt0 = 47.23 SD = 21.42 Mt1 = 47.78 SD = 21.00, 95% CI mean difference = −1.89; 2.98, p = 0.657) showed any significant change over time. Condition, gender, and age did not significantly predict mean change from pre- to post-measurement (all p > 0.30). Finally, we evaluated change in the level of stigmatization toward adolescents with mental health problems. Again, we did not find any significant change in Stigma Awareness and Stigma Agreement across both conditions (Table 5). Condition and age did not significantly predict mean change from pre- to post-measurement in Stigma Awareness and Stigma Agreement (Table 6). Students with higher stigma scores at baseline, however, showed greater improvements on both scales, and female students reported greater improvements in Stigma Agreement than their male peers following the prevention programs.


Table 5 | Changes in stigmatization of mental health problems from pre- to post-measurement.




Table 6 | Linear regression predicting change from pre to post-measurement in stigmatization of mental health problem.





Qualitative Experiences of Pupils With Regard to the NSSI-Module

Figure 2 provides an overview of the main experiences of the pupils (in the HappylesPlus group) with regard to the NSSI-specific module, based on the content analyses of the qualitative interviews. There were two main theme categories: cognitive reactions and emotional reactions.

The participants whose reactions were classified as cognitive often used the words “interesting,” “informative,” “knowing,” and “knowledge.” Participants thought the lessons were interesting because they provided them with new information on NSSI (e.g., what it is about, how it differs from suicidal behavior, how NSSI might become problematic, and reasons why adolescents engage in self-injury). Some explicitly mentioned that they appreciated the documentary because of the testimonials (which made it real). Furthermore, the lessons were thought to be informative because they provided them with tools to help a friend/classmate who is engaging in NSSI (organize fun activities, show the person that you are there for him/her, tell them they should not be embarrassed, ask the person questions about his behavior, and be discrete about the information you get). In this regard, one advice was quoted a lot: “convince the other to ask for help.” Some students stated that they now know better what is needed to recover from self-injury, whereas others stated that they already knew everything that was covered in the NSSI-focused session.

The emotional reactions concerning the KRAS-class are divided between how pupils feel about the class (for themselves and/or their classmates) and how they feel about adolescents who self-injure in general. Some pupils perceived the KRAS-class as shocking and painful: They imagined that it can be difficult for classmates who are engaging in NSSI (or have engaged in NSSI). One pupil indicated that she left the classroom as she found it too difficult to watch the documentary and indicated that people shouldn't do such a thing. A few pupils mentioned that the documentary was moving or touching. Some pupils mentioned that the documentary motivated them to be positive toward life (e.g., even when life may seem bad, there are always good things to focus on). Some emotional reactions are related to adolescents who self-injure (or adolescents who testified in the documentary): “I feel with them,” “I know now what they must go through,” “I will not judge someone who is self-injuring anymore,” and “I can see now that not everyone has the same, good life.” There were, however, some students who continued to demonstrate shock and disapproval toward individuals who self-injure: “Why would you do such a thing? They just want negative attention.” Finally, some participants focused on hope for people engaging in NSSI: “you always have a chance to overcome it.”



Experiences of Those With Lived Experience Regarding the NSSI-Specific Module

Students with lived experience were asked how they perceived the HappylesPLUS program and which elements they considered relevant. Most of them explained that they now realize how important it is to talk to others about their feelings. A majority of participants with a history of NSSI also explicitly mentioned they now know where to seek help, and most of them indicated they are planning to go into therapy or have already started therapy. Some of them stated that they have a better insight into which strategies might be helpful to them to decrease the urge to engage in NSSI. A few pupils who engage/have engaged in NSSI also disclosed that they experienced the KRAS-class as confronting. Others indicated it is reassuring to know they are not the only ones struggling with NSSI. Finally, some mentioned that they now feel more supported by their classmates, and reported that the KRAS-class gave them hope for the future.




Discussion

This pilot study examined the effectiveness, and feasibility, of combining a school-based prevention program (i.e. Happyles) focusing on mental health with a psychoeducation module on NSSI.

The lifetime prevalence rate of 14.9% in this sample of Flemish pupils is higher than expected at this age (e.g. prevalence of 8% in the age group of 11 to 14 years) (41). This is likely due to the fact that some schools which had previously encountered problems with NSSI in their schools were highly motivated to participate in the study. The higher rates among girls in early adolescence is consistent with previous studies (5, 40). In line with earlier findings (e.g., (28)], the present study confirms that there is a strong relationship between NSSI and higher levels of psychological distress.

With regard to the primary outcome, we found evidence that both Happyles and HappylesPLUS show a significant decrease in the probability of future engagement of NSSI. In line with the results of the SOSI study (21), results revealed no iatrogenic effects as the incidence rates and frequency of NSSI did not differ between Happyles and HappylesPLUS. While this is reassuring, we did not find lower incidence rates or reduced NSSI frequency directly after the 4-week program of the HappylesPLUS. Future work is needed to evaluate the potential longer-term benefits of Happyles(PLUS) in the delay of onset/frequency of NSSI. Regarding secondary outcomes, we observed mainly a decrease in somatic complaints and an increase in conduct problems. The latter is likely to be connected to the increase of emotional awareness as a result of the program. All results show a floor-effect in line with previous studies (22, 23), indicating that especially pupils who show an elevated level of psychological complaints benefit from the prevention. Furthermore, although we did not observe a measurable impact on help-seeking for mental well/ill-being, the qualitative interviews revealed that the NSSI-specific module for adolescents who are engaging in NSSI may be beneficial as some students reported increased motivation to seek professional help for NSSI (and talk to peers about their emotions). Similarly, after the NSSI-specific psychoeducation module students without a history of NSSI indicated during the semi-structured interviews that they learned that it is important to motivate peers who self-injure to seek professional help. Regarding stigma, results show no overall change across both groups in the self-reported questionnaires. The qualitative data show a decrease in NSSI-stigma for some students. Due to the discrepancy between the questionnaires (examining for example stigma or help-seeking for psychopathology in general) and the qualitative data, we advice future studies to examine changes in stigma and help-seeking specifically for NSSI using questionnaires that are sufficiently sensitive to change.

Overall, we conclude that a general school-based prevention program may have a positive effect on the likelihood of future engagement in NSSI. Adding an NSSI-psycho-educational module to this general mental health prevention did not show any iatrogenic effects and may have benefits to adolescents who are at high risk or who are already engaging in NSSI. Recent developments in NSSI research, as for example Kiekens and colleagues (42) demonstrated, make it possible to detect individuals at high risk for beginning self-injury with reasonable accuracy. An important avenue for future research will be to evaluate which type of interventions work best for adolescents at varying levels of risk.

While this pilot study takes an important step in showing the feasibility of preventive interventions for NSSI, the results need to be interpreted with several important limitations in mind. First, since we do not have long-term follow-up data, empirical investigation of long-term effects is lacking. Second, cultural differences should be taken into account. Happyles uses quotes of and movies with Dutch adolescents: we noticed that our Flemish pupils did not always fully grasp all content (due to cultural differences). Third, we cannot account for the significant difference in prevalence of NSSI between the Happyles and HappylesPLUS group: we wonder if the conditions were not blind enough for the administrative personnel of the schools as they had to plan four or five classes. Furthermore, we noticed substantial diversity in the participating schools, not just with regard to the prevalence of engagement in NSSI behavior, but also with regard to school climate and stigmatization of psychological symptoms. Unfortunately, we did not include the school climate in our questionnaires. Future studies might take into account school climate as a factor in the effectiveness of a school-based prevention program targeting NSSI. Fourth, this study included a brief intervention period between the four or five classroom hours (between pre-and post-measurement there were 6 weeks maximum), limiting the number of possible new onsets of NSSI. Finally, we did not examine the effect of the personal feedback sessions. However, based on the appraisals of students (and actual referrals to professional health care), we encourage researchers to consider this when developing an evidence-based school-based prevention program targeting NSSI.



Conclusion

This pilot study shows that incorporating NSSI-specific modules to evidence-based school prevention programs is feasible and does not lead to iatrogenic effects. Another important finding from this study is that we observed reduced likelihood of future engagement in NSSI following a general school-based prevention program (with and without NSSI module). Intriguingly, qualitative interviews indicate that the addition of an NSSI-specific module may have direct benefits to students with lived experience: as some mentioned they now realize that it is important to talk to others about their feelings and are motivated to seek professional help. This study underlines the importance of future research developing an evidence-based program for preventing NSSI. Targeting the onset of NSSI in secondary school may provide a brief window of opportunity to mitigate the risk of developing NSSI.
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Background

There have been numerous studies investigating the relationship between nonsuicidal self-injury (NSSI) and suicidality. On the one side, NSSI is an important risk factor for suicidality, including suicidal thoughts and behaviors. On the other side, it has been suggested that one function of NSSI might be as a coping mechanism that can help individuals in the short term avoid suicide. The present study investigated the relationship between suicidality and NSSI in female inpatient adolescents, focusing on NSSI as an anti-suicide strategy.



Methods

Subjects were 56 female adolescents, aged 12–18 years (M = 15.95 years, SD = 1.27), recruited from different inpatient child and adolescent psychiatric units. All participants fulfilled the DSM-5 research criteria for nonsuicidal self-injury disorder (NSSI-D). To assess suicidality, NSSI-D, and current and past diagnoses, a structured clinical interview was conducted.



Results

NSSI as a short-term coping strategy for avoiding suicide was indicated by one third (32.1%) of the participants. Before participants engaged in NSSI, the anti-suicide function was reported more frequently than reducing interpersonal problems (d = -.59). Getting relief from negative emotions and inducing positive feelings were reported at the same frequency as avoiding suicide before NSSI. Participants engaging in NSSI to avoid suicide and those reporting other functions did not significantly differ regarding other NSSI characteristics, suicidality, or psychopathology. Results indicate that the anti-suicide function significantly predicts the duration of current suicidal ideation (β = .557).



Conclusion

This study provides preliminary support for the idea that NSSI is frequently used by female adolescents with NSSI-D to avoid suicide. Given the high co-occurrence of NSSI and suicidality, our results underline the importance of clinical assessment of suicidality and several NSSI functions, including the anti-suicide function, in adolescents with NSSI.
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Introduction

According to the Diagnostic and Statistical Manual of Mental Disorders [5th ed.; (1)], nonsuicidal self-injury (NSSI) is defined as repetitive (at least 5 days in 1 year), socially unaccepted acts of intentional self-inflicted damage to one’s own body tissue without suicidal intent. Previous research has shown that NSSI is highly prevalent during adolescence, affecting around 8% of adolescents in a German-speaking sample within the last 6 months (2), with even higher rates (around 50%) in hospitalized adolescents (3).

In addition to the high prevalence rates, of special concern is that NSSI is a major risk factor for suicidal thoughts and behaviors [(4); see also (5), for a systematic review and meta-analysis]. Although they often co-occur, as adolescents with NSSI also report frequent suicidal thoughts (6, 7), NSSI and suicidal behavior are discrete entities. In the DSM-5 (1), research criteria for NSSI and for suicidal behavior disorder (SBD) have been included in Section III. SBD is characterized by a suicide attempt in the past 24 months, not including NSSI or suicidal ideation. Previous research has examined the association between NSSI and suicidality, focusing on both distinction and commonality. A systematic review concluded that most studies distinguished NSSI from suicidal behavior in relation to the intention to die (8). In addition, methods and injuries of NSSI are often less severe and usually the damage is not life threatening. NSSI and suicide also differ in the frequency of the act, as NSSI often occurs daily (9). Victor and Klonsky (10) conducted a meta-analysis on correlates of suicide attempts among individuals engaging in NSSI. The strongest predictors of suicide attempt history were self-injury frequency, number of methods, and hopelessness; moderate predictors were borderline personality disorder (BPD), impulsivity, posttraumatic stress disorder (PTSD), cutting as a NSSI method, and depression.

There are different theoretical models that have been proposed to explain the link between NSSI and suicidal behavior. Hamza et al. (11) introduced an integrated model, considering previous theories such as the gateway theory [(12); continuum of NSSI to suicidal behavior as several studies found that NSSI took place before suicidal behavior started, e.g., (13, 14)], the third variable theory (that the association between NSSI and suicidal behavior is spurious, and that a third variable, e.g., BPD, accounts for the co-occurrence; (15), and Joiner’s (16) interpersonal theory of suicide (that attempting suicide requires the desire and capability for suicide and that repeated experience with painful acts, including NSSI or suicidal behavior, leads to a higher acquired capability for lethal self-injury, i.e., an habituation process) as none of these theories alone is clearly supported. To date, only one theoretical framework, the anti-suicide model (17), has considered the anti-suicide function of NSSI, suggesting NSSI could be protective against suicide. However, there is also some evidence that engaging in NSSI to avoid suicide might be a risk factor for suicidal behavior. Therefore, further research is needed to clarify the link between the anti-suicide function of NSSI and suicidality.

It has been established that NSSI is motivated by a broad variety of different functions that can be categorized as intrapersonal/self-regulating or interpersonal/social. A random effects meta-analysis of the prevalence of different functions found that intrapersonal functions, with a prevalence of 66%–81%, and especially emotion regulation, with 63%–78%, were more prevalent than interpersonal functions with 33%–56% (18). Frequently, NSSI serves multiple functions simultaneously (6), which in turn maintain NSSI, and thus different underlying functions of NSSI may have different needs regarding interventions. Although emotion regulation is a prevalent function, it should be noted that not every individual engages in NSSI for this reason. Therefore, each individual functions should receive attention and should be assessed in any case (18, 19). Several studies found significant associations between intrapersonal NSSI functions and suicidal ideation and attempts (4, 20). Similarly, Nock and Prinstein (21) found in a clinical sample of adolescents with NSSI a significant correlation between a history of suicide attempts and automatic negative reinforcement (e.g., “to stop bad feelings”). This result was replicated in latent class analyses by Klonsky and Olino (22) and Case et al. (19), who found that intrapersonal reasons for NSSI went with high levels of suicidal ideation and behaviors. As NSSI serves multiple functions, it is not surprising that different functions (function accumulation) have been associated with higher risk for suicidal ideation and behaviors (23). Adolescents who attempted suicide have reported that they did so to escape negative experiences (24), suggesting a preliminary functional similarity between NSSI and suicide attempts.

As described above with the theoretical anti-suicide model of Suyemoto (17), it has been further suggested that NSSI functions as one of several “coping” mechanisms for resisting urges to engage in suicide. The anti-suicide function of NSSI, defined as self-injury to replace, compromise with, or avoid suicide (25), is considered an intrapersonal function (26). Previous studies emphasized the association between the anti-suicide function of NSSI and suicidal behavior (4, 20, 27, 28) and suicidal ideation in adolescents and young adults engaging in NSSI (28). There is some evidence that NSSI could be a protective factor against suicide, used as a way of dealing with suicidal behaviors (17, 29, 30). In Suyemoto’s (17) anti-suicide model, rooted in psychoanalytic theory, NSSI represents a compromise and is therefore used instead of suicide. NSSI might therefore be an active coping mechanism (17) and might be a way to express suicidal thoughts without risking death for some individuals (25). Similarly, several authors hypothesized that individuals struggling with suicidal ideation may engage in NSSI as a short-term way to relieve suicidal thoughts, which may lead to greater NSSI engagement, explained by the negative reinforcement (27, 28). Nevertheless, some authors have argued that individuals who engage in NSSI to avoid suicide might be at higher risk for suicidal behaviors (20, 27). The results of Burke et al. (27) indicate that the anti-suicide function of NSSI and depressive symptoms are the two most important predictors of suicidal ideation and planning. Moreover, participants who reported higher identification with NSSI to avoid suicide were more likely to report lifetime suicide attempts than those without NSSI (27). These results indicate that it is relevant to investigate various functions of NSSI, to understand the risks associated with NSSI (31).

Brausch and Muehlenkamp (4) investigated the extent of perceived effectiveness in achieving a desired function (e.g., to avoid suicide). The authors reported that the perceived effectiveness of the anti-suicide function was a significant predictor of lifetime suicidal ideation and suicide attempts as well as intensity of suicidal ideation in adults with NSSI. Examining first-hand accounts of the reasons for self-harm (defined as nonfatal acts of intentional self-injury or self-poisoning) other than intent to die, a systematic review found that the anti-suicide function was reported in only 15% of quantitative and 7% of qualitative studies (32), indicating that the function of NSSI to avoid suicide has not been assessed regularly.

Thus, there is preliminary evidence that engaging in NSSI to avoid suicide could be protective against suicidal behavior, but numerous studies have also emphasized the risk factor for suicidality. Therefore, more studies investigating the anti-suicide function are necessary, as previous studies that examined this function had several limitations. For example, some studies investigated the anti-suicide function using only self-report questionnaires (27, 28) or a Web-based survey (20) instead of using structured clinical interviews to gain more detailed information. Generalizability and comparability of previous findings could be restricted because they involved different samples. So far, only one study has included adolescents and young adult patients receiving treatment for NSSI (28); others investigated university students (20, 27). To date, little research has specifically investigated how engaging in NSSI to avoid suicide is associated with other NSSI characteristics and suicidality in adolescents with NSSI-D.

Therefore, the present study investigated the relationship between suicidality and NSSI in inpatient adolescents with NSSI disorder (NSSI-D), focusing on various NSSI functions including an anti-suicide strategy. The aim of the study was first to investigate the anti-suicide function in adolescents with NSSI-D, using a structured clinical interview. According to the DSM-5 research criteria for NSSI-D (1), individuals engage in NSSI with the expectation of relieving negative feelings or cognitions, resolving interpersonal difficulties, or inducing a positive feeling state (criterion B). It should be noted that the relief or response takes place during or after NSSI. Therefore, we investigated this criterion. Using an exploratory approach, we examined these expectations before, during, and after engaging in NSSI (like a time course). Suyemoto (17) hypothesized that individuals with major depression are more likely to engage in NSSI to avoid suicide. Furthermore, as already mentioned, some studies emphasized that NSSI to avoid suicide might be a risk factor for suicidality. NSSI to avoid suicide showed the strongest correlation to suicide attempts among university students and was more frequently reported in individuals who had attempted suicide than those who reported suicidal ideation (20). Therefore, we compared participants who engaged in NSSI to avoid suicide with participants reporting other functions of NSSI regarding suicidality, NSSI characteristics, and psychopathology. Second, we explored predictors of current suicidal ideation and lifetime suicide attempts, replicating previous findings that the perceived effectiveness of the anti-suicide function was a significant predictor of lifetime suicidal ideation and suicide attempts as well as the intensity of suicidal ideation in adults with NSSI (4). Thus, we investigated whether the anti-suicide function is a predictor for a wide spectrum of suicidal behaviors in female adolescents, considering suicidal ideation (intensity and duration) and suicide attempts.

In summary, we addressed the following research questions:


	How frequently do adolescents engaging in NSSI indicate a desire to avoid a suicide attempt compared to other functions indicated in the DSM-5 research criteria for NSSI-D?


	Do adolescents engaging in NSSI to avoid a suicide attempt differ from those reporting other NSSI functions with regard to suicidality, NSSI characteristics, and psychopathology?


	Does the anti-suicide function predict current suicidal ideation (intensity and duration) and lifetime suicide attempts?






Materials and Methods


Participants

Participants were recruited from several inpatient child and adolescent psychiatric units in Switzerland and Germany. The total sample comprised 56 female adolescents, aged 12–18 years (M = 15.95 years, SD = 1.27), all fulfilling the DSM-5 (1) research criteria for NSSI-D. Most had Swiss or German nationality, except for one Thai and one Polish citizen. The inpatient clinics were responsible for the recruitment. Therefore, we have no access to the demographic and clinical characteristics of patients excluded by the clinics. Our predefined exclusion criteria were current or past psychosis, schizophrenic symptoms, and acute substance abuse. To eliminate further impact on NSSI, participants with BPD were not included in the following analyses. In the sample, 60.1% (n = 34) had attempted suicide in the past 2 years and therefore fulfilled DSM-5 (1) research criteria for SBD. Therefore, 40% (n = 22) of participants met the criteria for NSSI-D without meeting criteria for SBD. To compare individuals regarding suicidality, NSSI characteristics, and psychopathology, two groups were formed on the basis of reported NSSI functions, which were assessed dimensionally using a 4-point Likert scale. NSSI as a short-term coping strategy for avoiding suicide was indicated by one third (32.1%, n = 18) of all participants. It should be noted that these participants also reported functions other than anti-suicide. We designated these participants as the NSSI anti-suicide function (NSSI-AF) group. Functions other than suicide avoidance were reported by 68.9% of the adolescents (n = 38). We designated these participants as the other function of NSSI (NSSI-OF) group. Therefore, individuals engaging in NSSI to avoid suicide and for other reasons (NSSI-AF group) were compared with those not reporting NSSI to avoid suicide (NSSI-OF group). Participants reported an average of 2.38 (SD = 1.36, range = 0–5) current axis I mental disorders other than NSSI-D or SBD. Three adolescents (5.4%) only met the criteria for NSSI-D and/or SBD. Using a clinical interview, in both groups we found the most frequent mental disorders were major depression (83.3% in NSSI-AF, 65.8% in NSSI-OF), social phobia (22.2% in NSSI-AF, 47.4% in NSSI-OF), specific phobia (11.1% in NSSI-AF, 18.42% in NSSI-OF), and PTSD (11.1% in NSSI-AF, 13.6% in NSSI-OF). According to Fisher’s exact test, the groups did not differ significantly regarding the most frequently reported diagnoses. Furthermore, there were no significant differences between NSSI-AF and NSSI-OF groups with regard to age (NSSI-AF: M = 16.12 years, SD = 1.56 vs. NSSI-OF: M = 15.86 years, SD = 1.13, p = .547), years of education (NSSI-AF: M = 9.19, SD = .91 vs. NSSI-OF: M = 9.20, SD = 1.19, p = .991), or number of diagnoses other than NSSI and SBD (NSSI-AF: M = 2.44, SD = 1.29 vs. NSSI-OF: M = 2.34, SD = 1.40, p = .679).



Measures


Structured Clinical Interviews

To assess current and past DSM-IV-TR (33) axis I disorders, the Diagnostic Interview for Mental Disorders in Children and Adolescents (Kinder-DIPS; (34), a structured interview that follows the DSM-IV-TR, was conducted. The Kinder-DIPS assesses the most frequent mental disorders in childhood and adolescence (all anxiety disorders, major depression, dysthymia, eating disorders, sleeping disorders, attention deficit hyperactivity disorder, and conduct disorder, as well as substance use disorders from the adult DIPS). The Kinder-DIPS is a reliable and valid structured interview (35) with high acceptance by children, parents, and interviewers (36). In addition, the interview includes criteria for SBD and NSSI, which were published in Section III of the DSM-5 (1). To determine the presence or absence of each symptom, the interview includes reformulated questions. Included in the NSSI section, frequency of the NSSI functions (including the anti-suicide function) is assessed before, during, and after engaging in NSSI. The functions are assessed using a 4-point Likert scale of 0 (never/seldom) to 3 (very often). The clinical distress related to NSSI is measured on a 4-point Likert scale, ranging from 0 (not at all) to 3 (very high). Included in the SBD section, the intensity of current suicidal ideation is assessed using a 5-point Likert scale of 0 (not intensive) to 4 (extremely intensive). The duration of current suicidal ideation is measured using the following scale: 1 (1–60 s), 2 (2–15 min), 3 (16–60 min), 4 (less than a day), 5 (1–2 days), and 6 (more than 2 days). Interrater reliability estimates for the diagnosis of NSSI were very good (κ = 0.90). To assess BPD, the Structured Clinical Interview for DSM-IV axis II disorders (SCID-II; (37) was conducted. Before conducting the interviews, all interviewers received an intensive standardized training.



FASM

The Functional Assessment of Self-Mutilation [FASM; (38)] is a self-report measure that assesses NSSI during the past 12 months. It consists of a checklist of 11 different methods of NSSI (e.g., cutting or hitting oneself) and assesses both frequency and potential received medical treatment. Furthermore, it includes 22 items assessing several functions of NSSI. Items are measured on a 4-point Likert scale, ranging from 0 (never) to 3 (often). Studies have confirmed the validity of the FASM (38) and have also shown adequate levels of internal consistency (3, 39).



YSR

The Youth Self Report [YSR; (40, 41)] is a self-report questionnaire measuring psychopathology in adolescents. Emotional and behavioral problems during the last 6 months are rated with a 4-point Likert scale ranging from 0 (not true) to 3 (often true). The YSR consists of 118 items that are divided between the following eight scales: somatic complaints, withdrawn, anxious/depressed, attention problems, social problems, thought problems, aggressive behavior, and delinquent behavior. Additionally, two global scales—internalized problems and externalized problems—as well as total problems can be calculated. The internal consistency of the YSR has shown to be adequate for most dimensions (i.e., anxious/depressed, aggressive behavior, and internalizing/externalizing). Furthermore, studies have shown adequate discriminant and convergent validity (42, 43).



BDI-II

The Beck Depression Inventory-II [BDI-II; (44)] measures depression severity and consists of 21 items that focus on the last 2 weeks. The BDI-II is a reliable (Cronbach’s α = .92 to.94) and valid measure for assessing the severity of depressive symptoms for adolescents and adults (45, 46).




Procedure

All participants and their parents were informed about the study and provided their informed written consent in accordance with the Declaration of Helsinki. The local ethics committee approved the study. Adolescents were paid 40 Swiss francs for study participation.



Statistical Analysis

All statistical analyses were performed using Statistical Package for the Social Sciences (SPSS) version 25.0. Descriptive statistics were calculated for both the NSSI-AF and NSSI-OF groups. Analyses of variance (ANOVAs) or nonparametric Mann–Whitney U or Friedman tests were used to analyze continuous variables. Pearson’s chi-square or Fisher’s exact test, including Yates’s correction for continuity, was used to investigate dichotomous variables. In addition, effect sizes (Cohen’s d, r, or phi) were calculated to analyze significant differences. Significance levels were set at α = 0.05. To correct for multiple testing, each p value was adjusted according to the Bonferroni–Holm method. The Shapiro–Wilk test and histograms were used to determine normal distribution. To analyze associations between suicidality, NSSI characteristics, depressive symptoms, and the anti-suicide function, different coefficients were calculated: Spearman correlation (two continuous variables), phi (two dichotomous variables), and point-biserial correlation (dichotomous–continuous association). Logistic regressions were performed to analyze significant predictors of current suicidal thoughts and lifetime suicide attempts (dichotomous dependent variables), using forward selection and likelihood ratio statistics. R² (Nagelkerke) was calculated to estimate total effect size. Multiple linear regressions were conducted to predict each intensity and duration of current suicidal ideation. Assumptions, including multicollinearity, homoscedasticity, and autocorrelation, were checked.




Results


Functions of NSSI

To address the first research question on how many adolescents with NSSI-D have engaged in NSSI to avoid suicide in contrast to other functions, and how frequently, several analyses were performed. First, we examined the frequency distribution of functions. Assessing functions of NSSI according to diagnostic criterion B of NSSI-D, the most common functions were to get relief from a negative emotion (n = 49, 87.5%), to induce a positive emotional state (n = 40, 71.4%), to avoid a suicide attempt (n = 18, 32.1%), and to reduce interpersonal problems (n = 11, 19.6%). Second, regarding reported functions, we determined group differences (especially the anti-suicide function in contrast to other functions). Figure 1 shows the mean frequency of the four most reported functions before, during, and after NSSI. As can be seen in the figure, higher differences in frequency between functions were shown during and after NSSI compared to before NSSI. Focusing on differences between reported frequency before and after NSSI, getting relief from negative emotions and inducing a positive emotional state show an increasing trend, and the anti-suicide function tends to decrease. Furthermore, ANOVAs and post hoc tests, including Bonferroni correction, were calculated in each case. Table 1 presents an overview of means, standard deviation, and results of repeated ANOVAs. The results of post hoc tests indicate that NSSI was significantly more frequently reported as a means to avoid suicide than to reduce interpersonal problems before engaging in NSSI (p < .05, d = -.59). Before engaging in NSSI, getting relief from negative emotions and inducing positive feelings were reported at the same frequency as avoiding suicide, p = .226 and p = .175. Getting relief from a negative emotion and inducing a positive emotional state were more frequently reported than the anti-suicide function during and after NSSI, p < .01 in each case (d = .73 to .96). There were no statistically significant differences concerning NSSI as a means to avoid suicide and to reduce interpersonal problems during and after engaging in NSSI, p = 1.00.




Figure 1 | Mean frequency of the four most reported functions before, during, and after nonsuicidal self-injury.




Table 1 | Means, standard deviations, and results of reported NSSI functions.





Individual Course of NSSI to Avoid Suicide

As described above, NSSI as a short-term coping mechanism for avoiding suicide was indicated by one third (32.1%) of the participants. Therefore, we focused on this subgroup of adolescents (n = 18). Most of these adolescents (83.3% n = 16) reported having thoughts about avoiding suicide before engaging in NSSI. In all, 27.8% (n = 5) of the participants reported thoughts about avoiding suicide during NSSI and 38.9% (n = 7) after NSSI. Participants reported thinking about avoiding suicide more often before (M = 1.28, SD = .89, range = 0–3) than during (M = 0.61, SD = 1.09, range = 0–3) or after (M = 1.00, SD = 1.37, range = 0–3) NSSI. A Friedman test was performed to deal with nonnormal distribution. Reported frequency of thoughts about avoiding suicide differed significantly before, during, and after NSSI, χ2(2) = 12.90, p < .01. Post hoc tests, using pairwise comparisons, indicated a significant difference in the anti-suicide function before and during NSSI with a large effect, z = 2.833, p < .05, r = .67. There were no significant differences in the anti-suicide function before and after NSSI, z = 2.167, p = .091, r = .51, as well as during and after NSSI, z = -.667, p = 1.00, r = -.16. In summary, frequency of the expectation of NSSI as an anti-suicide function seems to be highest before actually engaging in NSSI.



Onset of Suicidality and NSSI

The mean age of suicidal thoughts onset in adolescents with NSSI-D was 12.77 years (SD = 2.05) and first suicide attempts were reported at the mean age of 14.50 years (SD = 1.26). The mean age of onset of NSSI was 13.24 years (SD = 2.22). To investigate differences in age of onset, a Friedman test was performed. Differences in the age of onset were statistically significant, χ²(2) = 15.45, p < .001. Post hoc tests, using pairwise comparisons, indicated that NSSI and suicidal ideation did occur significantly before first suicide attempts, z = .917, p < .05, r = .18. There were no age differences between onset of NSSI and suicidal ideation, z = .000, p = .1.00, indicating NSSI and suicidal ideation occurred around the same age.



Comparison of NSSI Groups Based on Function


Suicidality and NSSI


Suicidality

In the present sample, current suicidal ideations were reported by 66%, lifetime suicide ideations by almost all of the adolescents with NSSI-D (96.3%), and lifetime suicide attempts by 70.9%. According to the DSM-5 (APA, 2013) research criteria, adolescents both with and without NSSI as an anti-suicide function met criteria for SBD (NSSI-AF: 72.22% and NSSI-OF: 55.26%). As shown in Table 2, there were no significant group differences between adolescents with and without NSSI as an anti-suicide function regarding suicidal ideation and suicide attempts. Adolescents with current suicidal thoughts reported “rather intense” to “highly intense” thoughts (M = 2.47, SD = 0.96). It should be noted that there seems to be a trend that the NSSI-AF group stated longer duration of suicidal ideation (M = 4.18, SD = 1.54 vs. M = 3.07, SD = 2.16) than the NSSI-OF group that just missed statistical significance (p = .05, r = .36).


Table 2 | Means and standard deviations of suicidality and NSSI characteristics in the NSSI-AF (n = 18) and NSSI-OF (n = 38) groups.







NSSI

Participants reported an average of 41.23 (SD = 47.75) NSSI occasions in the past 6 months, ranging from 4 to 180 times. Furthermore, the average number of reported methods was 4.32 (SD = 2.30). Descriptive analyses showed the tendency of more frequent NSSI (M = 43.23, SD = 21.37 vs. M = 33.40, SD =37.18) and higher number of methods (M = 5.11, SD = 2.85 vs. M = 3.89, SD = 1.95) in adolescents using NSSI to avoid suicide than those using NSSI for other reasons, but no statistically significant differences (see Table 2). The adolescents reported a high level of clinical distress associated with NSSI (M = 1.96, SD = .92), with no significant group difference. In summary, there were no statistically significant group differences between the NSSI-AF and the NSSI-OF group in NSSI frequency, number of methods, or level of clinical distress.


Psychopathology

When examining psychopathology among female adolescents with NSSI-D, participants reported in the YSR higher levels of internalizing (M = 33.04, SD = 9.77) than externalizing (M = 16.89, SD = 9.11) problems, t(50) = - 10.346, p < .001, r = .83. As shown in Table 3, there was a nonsignificant trend (p = .051, r = .40) of higher levels of YSR total score in adolescents reporting they engaged in NSSI to avoid suicide (M = 114.87, SD = 30.16) than those reporting other functions (M = 99.79, SD = 23.63). There were no significant differences between NSSI-AF and NSSI-OF groups with regard to internalizing and externalizing problems or depressive symptoms in the BDI.


Table 3 | Means and standard deviations of psychopathology in the NSSI-AF (n = 18) and NSSI-OF (n = 38) groups.






Logistic Regression

Correlations between anti-suicide function, NSSI characteristics, and suicidality are presented in Table 4. The anti-suicide function was significantly related to the duration of suicidal ideation, rs = .418, p < .05, but not to NSSI characteristics or occurrence of lifetime suicide attempts or suicidal ideation. Regarding NSSI characteristics, higher NSSI frequency was associated with greater use of multiple methods and vice versa, rs = .333, p < .05. NSSI frequency (rs = -.415, p < .05) and number of methods (rs = -.433, p < .05) were negatively related to intensity of actual suicidal ideation. Number of methods was significantly associated with the duration of suicidal ideation, rs = .430, p < .05. Depressive symptoms were related to the occurrence of actual suicidal ideation, rb = .446, p < .01, but not to intensity and duration of current suicidal ideation. Age was not correlated with NSSI characteristics or suicidality.


Table 4 | Correlations between anti-suicide function, NSSI characteristics, suicidality, and depressive symptoms.



To investigate if the anti-suicide function is a predictor for current suicidal ideation and lifetime suicide attempts, we performed several multiple and logistic regressions. Age was omitted as a control variable because it is not significantly related to other included variables. We first conducted two logistic regressions to analyze prediction of occurrence of current suicidal ideation and suicide attempts. After all predictors were entered, using stepwise forward selection and likelihood ratio statistics, the final models were significant for suicide attempts, χ²(1) = 5.477, p < .05, R² = .216, and suicidal ideation, χ²(1) = 6.925, p < .05, R² = .243. Results indicate that a higher number of NSSI methods significantly predicts lifetime suicide attempts, b = .59, SE = .30, odds ratio (OR) = 1.81, 95% confidence interval (CI) [1.01, 3.24], p < .05. Depressive symptoms, NSSI frequency, clinical distress related to NSSI, and anti-suicide function were removed from the model predicting suicide attempts. Higher depressive symptom levels significantly predict occurrence of current suicidal ideation, b = .09, SE = .040, OR = 1.09, 95% CI [1.01, 1.18], p < .05. NSSI characteristics and anti-suicide function do not significantly predict occurrence of current suicidal ideation.

Multiple regressions were performed to predict intensity and duration of current suicidal ideation. The model was successful in predicting duration of suicidal ideation, F(1,16) = 15.579, p < .05, R2 = .310, and results indicate that the anti-suicide function significantly predicts the duration of current suicidal ideation, β = .557, t = 2.680, p < .05; thus, higher frequency of expectation to avoid suicide leads to longer duration of current suicidal ideation. Depressive symptoms, NSSI frequency, number of methods, and clinical distress related to NSSI were not significant predictors. Finally, prediction of current intensity of suicidal ideation was analyzed. The regression model reached statistical significance, F(1,22) = 4.530, p < .05, R2 = .171. NSSI frequency in the past 6 months significantly predicts intensity of current suicidal ideation, β = -.413, t = -2.128, p < .05. The following variables were removed from the model: depressive symptoms, anti-suicide function, number of methods, and clinical distress related to NSSI.




Discussion

The aim of the present study was to examine the anti-suicide function of NSSI in female adolescent inpatients with NSSI-D. The current study is the first to compare adolescents with NSSI-D who used NSSI also to avoid suicide with those reporting other functions. We first examined the frequency of NSSI as a means to avoid suicide in contrast to other reported functions indicated in the research criteria for NSSI-D of the DSM-5 (1). In accordance with previous studies (18), the most highly endorsed NSSI function was intrapersonal, especially to get relief from negative emotions (87.5%). In the present study, one third of female adolescents reported engaging in NSSI to avoid suicide. The anti-suicide function of NSSI has been shown in an exploratory factor analysis to be an intrapersonal function (26) and therefore a way to regulate aversive experienced emotions.

Comparisons with previous studies on functions are difficult as most studies (4, 26) reported descriptive statistics (especially means) of several functions. Examining differences in reported functions, we found that avoiding suicide was more frequently reported than expecting to reduce interpersonal problems before engaging in NSSI. Interestingly, avoiding suicide was confirmed at the same frequency as getting relief from negative emotions and inducing a positive emotional state before engaging in NSSI. In addition, focusing on individuals engaging in NSSI to avoid suicide, frequency of the expectation that NSSI would serve an anti-suicide function seems to have been highest before individuals actually engaged in NSSI and tended to decrease while conducting NSSI. Our results therefore support the assumption that individuals may experience NSSI as a short-term coping strategy for relief from suicidal ideation and the urge to commit suicide. In summary, results indicate that the anti-suicide function is as frequent as other functions before engaging in NSSI and therefore should be assessed in each patient with NSSI.

Different functions of NSSI may have different needs regarding interventions. Therefore, intervention modules could be better individualized after identifying each patient’s specific functions. A review has shown that all efficacious NSSI treatments include individual skills training as a common element, such as emotion regulation or problem-solving strategies (47). Although skills training is an effective treatment component, practicing skills is especially difficult for patients with overwhelming emotions; such emotions may leave them unable to use these skills (48). It is therefore possible that adolescents engaging in NSSI instead of committing suicide may experience very intense emotions and, in some cases, are then unable to use coping skills. It has to be investigated if the effectiveness of coping skills is different for the various NSSI functions. Moreover, it has to be considered that the anti-suicide function represents a short-term compromise to avoid total destruction. Therefore, both the anti-suicide function and the current suicide risk need to be carefully and regularly monitored in patients with NSSI.

We further compared adolescents who engage in NSSI to avoid suicide with participants reporting other functions of NSSI. In adolescents reporting the anti-suicide function, there was a trend toward longer suicidal ideation duration, higher psychopathology, higher NSSI frequency, and higher number of NSSI methods. Though, these group differences were not significant. The failure to detect significant group differences in our study might be explained by differences in the group sizes and should be further examined with larger sample sizes. However, the present sample was already characterized by a high level of clinical impairment, indicated by an average of 2.38 current mental disorders and a high co-occurrence of suicidality, which may explain the nonsignificant differences. Further research in broader clinical samples, for example, including outpatients, is needed. Furthermore, these groups may differ regarding other characteristics e.g., injury severity or specific NSSI methods, which should also be considered when designing further studies.

The present study confirmed the findings about high co-occurrence of suicidal behavior and NSSI in a clinical sample of adolescents with NSSI-D (7). In this sample, 96.3% of the adolescents with NSSI-D reported lifetime suicidal ideation, about 70% a history of suicide attempts, and 66% current suicidal ideation, which is similar to findings of previous studies (13, 49). Moreover, 60% additionally fulfilled research criteria for SBD, with no difference between the NSSI-AF and NSSI-OF groups. Consistent with previous research (13, 14, 50) and in line with the gateway theory, our results support the idea that NSSI takes place before first suicide attempts occur. We found that NSSI and suicidal ideation start around the same age, in line with the results of Groschwitz et al. (13).

We further investigated predictors of current suicidal ideation and lifetime suicide attempts to replicate previous findings. We first investigated predictors of occurrence of current suicidal ideation and suicide attempts. Our results indicate that a higher number of NSSI methods (OR = 1.81) significantly predicts lifetime suicide attempts, which is in line with previous research (e.g., (7, 19). Consistent with findings from Andrewes et al. (51) and Burke et al. (27), higher levels of depressive symptoms significantly predict current suicidal ideation (OR = 1.09). Previous studies (27, 28) found that the anti-suicide function was an important predictor of occurrence of suicidal ideation. Our findings suggest that the anti-suicide function does not significantly predict occurrence of current suicidal ideation and lifetime suicide attempts, but this might be explained by the small sample size reporting anti-suicide functions. But it should be noted that our sample included adolescent inpatients and an in-depth clinical assessment was used. A further explanation is the high co-occurrence with suicidality as a dichotomous variable.

Moreover, Burke et al. (27) found an additive effect on the anti-suicide function in individuals with severe depressive symptoms. Because of the small sample size of individuals engaging in NSSI to avoid suicide, we could not perform further analyses. In this study, the anti-suicide function, number of NSSI methods, and NSSI frequency were not correlated with the current level of depressive symptoms, which is in line with the finding that there are stronger associations between suicidality, especially suicide attempts, and NSSI than between NSSI and depressive symptoms (52). Focusing on intensity and duration of current suicidal ideation, our results indicate that higher frequency of expecting to avoid suicide leads to longer duration of current suicidal ideation. This finding underlines the important relation between NSSI to avoid suicide and the current level of suicidal ideations, which was also reported in prior research (28). In one of the few studies on the anti-suicide function, Paul et al. (20) found that the anti-suicide function was more frequently reported in university students who had attempted suicide than those who reported lifetime suicidal ideation. Thus, the direction of the association between the anti-suicide function and duration of current suicidal ideation remains unclear. For example, engaging in NSSI to avoid suicide may also be a consequence of longer duration of suicidal ideation. Thus, individuals with current suicidal ideation may experience intense emotions and an ambivalence about the future, while spending time contemplating a suicide attempt. The possibility of engaging in NSSI to avoid suicide may represent a short-term protective factor against suicidal behavior (in line with the anti-suicide model), while thinking about the desire to die may have an impact on the duration of suicidal ideation. However, it should be noted that the design of the study is cross-sectional and therefore longitudinal studies are necessary to investigate the association between NSSI to avoid suicide and duration of current suicidal ideation. To develop effective prevention and treatments, further research is needed to clarify this relationship. Our results indicate that higher NSSI frequency in the past 6 months significantly predicts lower intensity of current suicidal ideation. Our results therefore replicate findings from Paul et al. (20) demonstrating a curvilinear association that the risk for suicidal thoughts and behaviors peaked and then declined as the number of lifetime NSSI episodes increased. Whitlock and Knox’s (53) explanation for this relationship is that frequent NSSI has become a “working,” albeit maladaptive, coping strategy to deal with distress such as suicidal ideation.

The results of the present study should be interpreted in the context of the following limitations. Our findings regarding the comparison between the anti-suicide function and other functions are based on a reduced sample size. Given the small sample size, a replication is necessary. Furthermore, the sample of the current study included only female adolescents with NSSI-D recruited from child and adolescent psychiatric units and thus the results may not be generalizable to male adolescents. Moreover, the design of the study is cross-sectional. It should be noted that the characteristics associated with suicidality and NSSI, especially NSSI functions before, during, and after NSSI, were assessed using retrospective self-report measures. According to Klonsky (25), memories about NSSI may be inaccurate, and supplementary laboratory studies, such as ecological momentary assessment (EMA), could be used to increase validity. Thus, additional longitudinal studies will be needed to clarify the relationship and causality between NSSI, the anti-suicide function, and suicidality. The strengths of the study are the assessment of NSSI-D and suicidality with a structured clinical interview according to the DSM-5 research criteria and the assessment of different functions of NSSI in a clinical sample. In addition, investigating the association between a specific NSSI function and NSSI in adolescent inpatients is an important strength of the study.

In conclusion, this study provides preliminary support for the belief that female adolescents with NSSI frequently use NSSI to avoid suicide. In light of the high co-occurrence of NSSI and suicidality, our results underline the importance of in-depth clinical assessment of suicidality and of several NSSI functions in adolescents with NSSI. Further research is needed to clarify the relationship between NSSI and suicidality, investigating predictors for trajectories of NSSI and suicidality, for example, frequency of NSSI, number of methods, various NSSI functions—including the anti-suicide function—and the role of negative reinforcement. Therefore, longitudinal studies with large-enough sample sizes to investigate causality and relevant psychological mechanisms, including, for example, EMA methods, are needed to better understand reinforcement mechanisms in NSSI.
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Background

Suicide prevention after a recent suicide attempt remains a major issue for clinicians. Indeed, these patients are at risk of new attempts and also less prone to interact with mental health services. As psychoeducation-based interventions are strongly recommended for patients with severe or chronic disorders and poor adherence, we developed the first French program of suicide psychoeducation (PEPSUI).



Methods

We started a large multicenter randomized controlled trial in outpatients who attempted suicide in the last year (i.e., current suicidal behavior disorder) to assess the feasibility, acceptability, and effectiveness of a 10-week psychoeducational program (PEPSUI group: scientific information on suicidal behavior, and third-wave cognitive behavioral therapies) compared with a 10-week relaxation program (control condition), in a naturalistic setting. Here, we present the qualitative part of this study. Participants in both groups completed a narrative interview with questions on their general impressions about the therapy process and outcomes, specific areas of change in their life since inclusion, and knowledge and perceptions about suicide and mental health services. Interviews were audiotaped, transcribed, and coded using inductive and deductive thematic analysis with a constant comparative approach. Participants were consecutively included until data saturation.



Results

The interviews of 18 patients (n=10 in the PEPSUI group, and n=8 in the relaxation group) were analyzed. Qualitative analyses revealed some common points, and many differences between groups that are relevant for suicide prevention. Patients in both groups were satisfied with the programs. Group modality and therapeutic alliance with the instructors were considered useful in both groups. Participation was related to improved perception of mental health units (particularly in the PEPSUI group). Both groups reported the acquisition of stress management skills and distress tolerance. Relaxation was an easy way to survive stress. Conversely, the PEPSUI program had deeper implications for daily life through effective positioning towards internal events (thoughts and emotions) as a consequence of mindfulness-derived practices, enhancement of value-based commitments, improvement of the meaning in life and internal locus of control, increased contact with the present moment, use of a matrix (a decision-making tool), and acquisition of scientific knowledge on suicidal behavior.



Conclusion

Through specific processes for targeting suicidal risk and reducing the stigma, the PEPSUI program may represent a promising intervention for suicide prevention.
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Introduction

Every year 800,000 people die by suicide worldwide and nearly 20 times more attempt suicide (1). Despite the increased effectiveness of pharmacological treatments for psychiatric diseases associated with high risk of suicide, the rates of suicidal ideation, suicide attempts, and completed suicide have not significantly decreased in recent years. The commonly accepted “stress-diathesis” model suggests that suicidal acts result from a complex interaction between vulnerability factors (diathesis) and environmental events or psychiatric diseases (stress). The most potent predictor of death by suicide is a previous suicide attempt (2), and the highest risk period for new suicide attempts is the first year following a suicide attempt (3). Moreover, suicidal behaviors may be understood as experiential avoidance strategies to reduce suffering in an increasingly addictive way (4, 5). These data highlight the need to specifically target subjects who attempted suicide in the last year (i.e., according to the DSM5 (6), individuals with current suicidal behavior disorder that might be considered a severe and debilitating disorder). Worryingly, less than half of all individuals at high suicidal risk interact with mental health services (7). One of the barriers for the management of these patients is the belief that treatment will not be effective (8).

Psychoeducation-based interventions are highly recommended for patients with severe and debilitating disorders, to increase help-seeking behaviors and to address adherence problems (9). Psychoeducational programs are effective to prevent relapse of several mental disorders, such as schizophrenia (10), bipolar disorder (11), and recurrent depressive disorder (12), and to improve treatment adherence and self-confidence in coping with the disease symptoms. The aim of psychoeducation is to propose an interactive transfer of knowledge on the disease/treatments and of management/coping cognitive/behavioral strategies, as defined by the guidelines established by the NICE (13).

Although it has been shown that educational-based preventive strategies for suicide (i.e., workshops, psychoeducational videos) improve the knowledge about suicide and positive attitudes towards help-seeking in the general population (14–16), structured psychoeducational programs for suicide prevention targeting patients at high suicide risk are still lacking. Therefore, we developed the first French psychoeducation program for suicide attempters, named PEPSUI. In accordance with the NICE guidelines (13), the aim of our program is to teach patients the most recently available knowledge about suicidal behavior and effective therapeutic strategies, through didactic and interactive group sessions. Patients are expected to become active experts in managing their disorder and in increasing adherence to treatment. Using third-wave cognitive and behavioral strategies derived from Acceptance and Commitment Therapy, Dialectical Behavior Therapy and Positive Psychology, the patients are taught to cope with unpleasant thoughts (including suicidal thoughts), unpleasant emotions (including distress), and to engage in life in a meaningful way. Third-wave cognitive and behavioral strategies have shown their feasibility, acceptability and effectiveness for the management of suicidal patients (17–19). In 2017, we started a large multicenter randomized controlled trial to assess the feasibility, acceptability, and effectiveness of PEPSUI (intervention) compared with a relaxation program (control condition), as add-on to the usual psychiatric follow-up, in outpatients with current suicidal behavior.

Here, we present the results of the qualitative part of this study that was carried out in a single center (Montpellier). We sought to collect information on the patients’ perceptions concerning the PEPSUI program and on its subjective impact in their life. Moreover, we tried to identify therapy session skills the acquisition of which the patients considered to be a significant shift and/or change in their psychological functioning, in order to extract the therapeutic processes of psychological changes. Qualitative interviews allow exploring the patients’ perspective on psychological changes, which can lead to extensive experiential information that could not be obtained by quantitative data analysis. To highlight the specificities of the PEPSUI program, we compared and contrasted the patients’ answers according to their treatment group (PEPSUI and relaxation).



Methods

The present study was designed and carried out following the Consolidated criteria for reporting qualitative research (COREQ) (110).


Participants

Participants were outpatients recruited from the Department of psychiatric emergency and post-acute care, Academic Hospital of Montpellier (France). Eligible participants were randomly assigned with a 1:1 ratio to follow the PEPSUI or relaxation program for 10 weeks. The randomization sequence was centralized and computed in permuted blocks of two or four by the statistician in an order unknown by the investigators. For the present qualitative study, patients were consecutively included until data saturation (20). All participants gave their written informed consent. Inclusion criteria were: age between 18 and 65 years, and current suicidal behavior disorder according to the DSM-5 (6) (i.e., suicide attempt in the last year). Suicide attempt was defined as a self-damaging act carried out with some intent to die, and distinguished from other self-destructive types of behavior, such as self-mutilation, non-compliance with medical treatment in severely ill individuals, and the use of substances such as alcohol and tobacco (21).

Exclusion criteria were: current or past diagnosis of organic mental disorder, lifetime history of schizophrenia, and mental retardation.



Intervention Characteristics


Add-On Psychoeducational Program (PEPSUI; Intervention)

The PEPSUI program consisted of ten 90 min-sessions with 5 to 10 patients (1/week). Each session, was conducted by two trained instructors (nurse, medical doctor, and/or psychologist) and was focused on a specific theme or skill:

	Education on suicidal behavior (clinic and epidemiology), and conceptualization of the phenomenon on a matrix (see Supplementary Material);


	Education on the suicidal crisis, identification of important life areas and values (i.e., quality of the current behavior, how one would like to behave) for the patient, experimentation on how to use the matrix as a decision-making tool (22);


	3 & 4) Self-assessment of suicidal ideation, coping strategies based on suicidal ideation intensity and emotional tension (acceptation, distress tolerance, personal aid kit, and emergency care);


	Information on the stress-diathesis model of suicidal behavior, cognitive skills (defusion), and identification of valued actions;


	Education on stress factors (psychiatric diseases and negative life events), resilience, and learning skills to anchor in the present moment;


	Education on suicidal vulnerability, identification of personal strengths;


	Identification of social support, and learning skills to create quality relationships;


	Education on treatments;


	Conclusions.






Add-On Relaxation Program (Control Condition)

The intervention consisted of ten 90 min-sessions with 5 to 10 patients (1/week). Each session was conducted by two trained instructors, and focused on learning abdominal and muscle relaxation skills.




Procedures

At the end of the 10 weeks (PEPSUI or relaxation program), a semi-structured interview was conducted to collect the patients’ subjective perspectives on the program (the interview protocol is described below). Semi-structured interviews were carried out in French, in a neutral place, by the same interviewer who was not involved in the program implementation. Participants were informed about the anonymity of their answers. All interviews lasted approximately 40 min, and were audiotaped and fully transcribed, word by word. The ethics committee of CPP Ouest II (Angers) approved the study.



Measures

The narrative interview included 24 questions on the general impressions about the program process and outcomes (23), specific areas of change in the participants’ life since the beginning of the program, and knowledge and perceptions about suicide and mental health services.

The opening question was “What would you like to tell me about your experience with the program you just completed?”. The next questions guided the discussion on the program content and on the effect(s) on their personal functioning. First, participants were asked broad questions about their impressions of the program (e.g., “How would you describe your psychological health since the beginning of the program?”, “Was the program helpful? If yes, how?”, “Has the program improved your quality of life? If yes, how?”). Second, patients were asked more specific questions on what was useful (e.g., “As a result of the program, what changes have you done in your daily life? What do you do currently, that you never did before? If yes, how did the program make these changes possible?”, “As a result of the program, are there behaviors that you can do now, but you were not able to do before? If yes, how do you explain this?”, “As a result of the program, are there problems that you can solve now, but you were not able to solve before?”, “As a result of the program, do you think about your future differently? If yes, how?”, and “As a result of the program, has your meaning in life changed? If yes, how?”). Third, questions about the therapeutic process were asked (e.g., “Did your therapists challenge the way you thought and felt? Did your therapists challenge your private events (thoughts, emotions), perceptions, and management? Did your therapists challenge you to solve problems in a new way? How did they do this?”). Fourth, the interviewer asked questions that focused on suicidal behavior management and mental health service perception (e.g., “As a result of the program, do you think about your suicidal behavior differently? How?”, “As a result of the program, do you think about mental health services differently? How?”, and “As a result of the program, do you think that you will manage suicidal ideation differently in the future? How?”). Fifth, the interviewer probed the therapeutic relationship (e.g., “Have you ever been uncomfortable with the therapists? What did make you uncomfortable during the session(s)? How did you manage this discomfort? Have you ever been not in sync with your therapists? What happened when you and your therapists were not in sync?”). The last questions concerned the group format (e.g., «Was the group modality useful for your personal journey of change? How?»).



Analyses

The interviews were analyzed by thematic analysis (24) with an hybrid deductive approach, based on categories a priori related to the theoretical framework used in the PEPSUI program, and an inductive approach (25) based on the participants’ experiences of the program. Themes were continuously compared with the data by using a constant comparative approach (26).

Several steps led this analysis (26, 27):

	Preparation of the raw data files (data cleaning), collecting all transcripts in a common Word format.


	Careful reading of the text: two raters (AH and DD), blinded to the intervention groups, read the transcripts several times to identify the most relevant themes and categories for therapeutic processes. A priori categories based on the PEPSUI framework included themes related to (a) mindfulness and emotional regulation, (b) meaning in life, (c) distress tolerance, (d) thoughts defusion, (e) relationship skills, (f) positive psychological skills, (g) matrix use, (h) suicidal behaviors perceptions, (j) mental health service perception, (k) group modality impact.


	Creation of categories: segments of text with a specific and unique meaning were identified to create a small number of emerging categories, named by a word or a short sentence, to which meaning units were assigned (28).


	Rating transcripts: the two raters used the codebook to rate all transcripts concerning the presence or absence of themes, and to label sections of the text that matched a category in the codebook.


	Comparison between groups: targeted analyses identified differences between the PEPSUI group and the relaxation group; at this point, coders became aware of the group assignment. For this analysis, texts were coded and systematically compared based on the quotation types across the two groups to identify patterns. Codes were distributed among the analysis team, the texts identified with each code were read again, summaries for each code were created that included the similarities and differences across participants of the two programs. Raters then met and discussed the summaries and data audits.







Results

Eighteen patients were included (n=10 in the PEPSUI group and n=8 in the relaxation group) to achieve data saturation (20). They were 3 men and 15 women, and their median age was 27 (min-max: 19–57) years. Nine patients were single; 11 patients lived with their spouse or with their parents, and 12 patients had no children. Eleven patients did not work.

Five main themes were identified:

	emotional, cognitive and behavioral processes that overlapped with the following categories: a) mindfulness and openness to inner experience in an acceptance way, b) stress and distress tolerance c) defusion, d) Self as context (i.e., of psychological events distinct from the Self), e) values and meaning in life, f) positive affective and cognitive states, g) projection into the future, h) matrix use for effective decision making, i) new patterns of behaviors, j) improved self-awareness, and k) improved global functioning;


	relationship-based processes that overlapped with the following categories: a) interpersonal skills in daily life, b) group format of the intervention, and c) therapeutic alliance with the instructors;


	intervention framework;


	suicidal behavior perception and management;


	mental health care services’ perception.





Similarities Between Groups

All participants in the PEPSUI group and most participants (x/8) in the relaxation group found that the intervention was helpful. Nevertheless, this help did not concern the same areas, and was not mediated by the same mechanisms. Therefore, this cannot lead to the same implications concerning suicide prevention.

All patients in the relaxation group and several patients in the PEPSUI group reported the acquisition of stress management skills and distress tolerance that are helpful to escape from a state of severe inner tension. For instance, a participant in the relaxation group said: «We were taught to feel our alert code, which is the moment when one does not feel very well … [We were taught] to learn how to control a little bit our emotions, to ignore the whole external context». Then, most patients in the PEPSUI group, and some in the relaxation group described the increase of positive affects and self-esteem, and said that they changed their behavior and solved some of their problems.

Concerning suicidal behavior perception, almost all participants in the PEPSUI group, but only few patients in the relaxation group described changes in their perceptions and thoughts about the future management of suicidal thoughts.

A common useful process in both groups was the confident relationship between patients and instructors. The instructors’ availability and empathic listening were considered to be a very supportive factor.

The group format was helpful for most patients in both groups. The group was perceived as a space for sharing experiences in a supportive and non-judgmental way. Patients said that they felt no longer alone in front of the disease. They found that the group format made easier the implementation of the therapeutic exercises. A PEPSUI participant reported “As we were in a small group, we had the opportunity to talk, to know a little about the worries of the others … we were not alone … We all had to say something and it was good to do it with people who were listening to us and who were not necessarily in the medical field.” Participants in both groups also emphasized the benefits of the weekly schedule and their active involvement as a motivation to change.

Finally, more than half of patients in the PEPSUI group, and less than half of patients in the relaxation group reported a change in their perception of mental health services as a result of the program: decreased stigma and improved attitudes towards help-seeking in such units.



Differences Between Groups

Although there were similarities between groups, the differences were more important.

All patients in the PEPSUI group (but none in the relaxation group) reported improved emotional regulation, through mindfulness skills. They mentioned the anchor in the present moment as a moderator of unpleasant inner feelings, particularly proneness to anger, sadness, and hopelessness, and also social adversity feelings. All these dimensions are involved in suicidal vulnerability. A patient explained “It allows focusing on us, on what is currently disturbing us, what is the current emotion going on in us … [it allows us to know] what is the heart of the problem, and how to handle it”. Patients in the PEPSUI group also associated anchor in the present moment with decreased rumination. Furthermore, PEPSUI patients linked acceptance and openness to the ongoing experiences to improved emotional regulation. For example, a patient said: “Before the therapy, I was feeling so bad that I told myself that I was going to kill myself … I was feeling so bad that I couldn’t manage anything … It was unbearable … Therefore, I told myself that I couldn’t live like that. I was the victim of my emotions that were causing physical problems. It became unbearable. But now, I do not have that anymore. I can regulate my emotions, I can understand what I feel, accept that we can have unpleasant sensations and that this will always happen”. The process of emotion acceptance was described by patients as a precise inner investigation of bodily sensations, in order to define the real place and modalities of ongoing emotional sensations. Emotional experience takes no longer all the space in one’s experience, but is rather limited to a precise place in the body. Here, are examples of how patients described this change: “They taught us to perform mindfulness practices, that is to anchor in life here and now … to be aware of the current pain, whether it is a lump in the abdomen, a tension or a kind of warmth in the neck … to be aware of the pain as we feel it … and now it does not take all the importance I gave to it at the beginning, I can accept this pain”, “I can accept this pain and tell myself: OK, it is just a pain, it is not something that must take over all my time or all my body … it does not take the whole place and I can resume my daily life … it is a pain, but it is not something that has to take the whole place to the point of attempting suicide, whereas it was the case before the program”, “I accept to experience emotions. Before the program, I transformed [emotions] all the time. As soon as I was afraid, anxious or ashamed, I used to transform these emotions into anger. Now I accept emotions as they are, I do no longer transform them”, “When we feel something unpleasant, [we need to] accept it, not to struggle in order not to feel it because otherwise it’s worse”. Some patients in the relaxation group reported an improvement in stress management, but they were not able to explain the underlying psychological processes, or attempted to suppress unpleasant experiences (i.e., experiential avoidance). They used relaxation skills to escape from the ongoing stress in a short-term manner. Some patients in the PEPSUI group also explained that they tried to suppress unpleasant thoughts and emotions, but this led to an increase of their intensity. This suggests that the psychotherapeutic processes are fundamentally different in the two groups, as highlighted by the following statements. A participant in the relaxation group said: “It [relaxation] acts at least as a bit of a distraction, it allows us to avoid thinking about our memories that generate anxiety or about our expectations”. A participant in the PEPSUI group said: “It is not a question of thinking to something else because it is there, it exists, so we cannot actually deny it … I have learned to be aware of this pain that should not take all the place”. Concerning thoughts, patients in the PEPSUI group described a defusion process: “They taught us that a thought was just a thought, we had to let it come and not to struggle against it … Thoughts arise, it is independent from us, it is a normal thing…”. Patients in the PEPSUI group described a modification in their attitude towards mental events (thoughts and emotions) that had an impact on their perception of the daily life experiences. “I am completely different from when I started the program. It is not necessarily about [external] changes, but rather about my way of understanding things … I have now a different point of view compared to the beginning of the program”, “This program is a revelation of myself … an awareness about myself, a perspective from my emotions”. The majority of patients in the PEPSUI group reported that they modified their mental events’ perception. Conversely, few patients in the relaxation group described modifications of their inner experience based on the learned stress management skills. Patients in the PEPSUI group focused their statements on skill acquisition and examples from the instructors, whereas patients in the relaxation group focused their statements on the therapeutic alliance. For instance, participants in the PEPSUI group highlighted the importance of the instructor’s self-confessions: “She [i.e., the instructor] explained the difficulties she had encountered in her life … we recognized ourselves in her … the fact that she understands what we live and she shares it with us can only comfort us. We told to ourselves that if she has managed to change things for her, we should also be able to do the same.”, “[Instructors] are not here to demonstrate things they have read in books … During the sessions, I have understood that they applied [the principles of the program] to themselves too … They [i.e., the instructors] are individuals like us who use therapy and its tools to better manage their daily lives”.

Many patients in the PEPSUI group reported that skills derived from the matrix utilization were an effective way to analyze and cope with issues. The matrix use, leading to “another angle of view”, was recalled by patients as follows: “It is very helpful. Now, as soon as there is something that is problematic for me, I make a matrix. In this way, I do not make mistakes”, “When my emotions are overwhelming, I make [write down] a matrix in order not to act impulsively … And then, in the long term, I will not need to make it anymore because it will become automatic”, “It has helped me to become aware, to think about how to do things and to find solutions”. All the patients in the PEPSUI group reported a positive change of their mental health, and almost all an improved quality of life. They reported to solve problems and to have implemented relevant changes in their daily lives. Conversely, in the relaxation group, only four patients (50%) mentioned an improvement in their mental health and quality of life related to better stress management. Few patients in the relaxation group reported changes in their life, mostly by using stress management skills. “Every day, at home or outside, when I am in my car or in the street, I practice belly breathing”. Among the changes in their daily life described by patients in the PEPSUI group there was the development of relevant meaningful actions to improve self-determination in life. “Only I can be the person who will manage my life in a positive way … one step at a time, I am getting closer to the person I really want to be and I am moving away from my vicious circle”. Patients in the PEPSUI group also reported the acquisition of skills in interpersonal relationships, leading to a better management of conflicts and increased self-esteem. “[Before the program] an argument with my partner took all the space, and I was unable to quietly talk about this subject the day after … Now, my relationships with others are more serene”. Patients in the PEPSUI group said that they developed social bonds thanks to several processes: contact with the present moment, improved emotional regulation, analysis of a given situation through the lens of the matrix. They also reported the importance given to openness, generosity and contribution to others: “I felt the urge to help others, to help with my means”, “We must not wait to receive, we must give. [We must] realize that finally we all have things to give … No matter what we give, we can be useful for something”. Patients thought that they finally found a social place: “We end up taking our place in society or in the couple, we gain self-confidence”. Few patients in the relaxation group reported improvements in their interpersonal skills. Concerning the projection into the future, it was strongly broadened with increased optimism in patients from the PEPSUI group, but not from the relaxation group. A patient in the PEPSUI group commented “I can imagine a positive, healthy and stable life, whereas before [the program] it wasn’t the case at all. I have a different vision compared to when I began the program”.

Perception of suicidal behaviors, at the core of the PEPSUI program, differed between groups. Patients in the PEPSUI group highlighted that they perceived differently suicidal ideation/act compared with before the program. They also felt that their ability to manage future suicidal ideation was improved. This was related to: 1) the understanding of how suicidal ideation emerges using the matrix, 2) the acquisition of acceptance skills, leading to an effective emotional regulation, 3) the decrease of guilt related to the previous suicide attempt, and 4) the decrease of self-stigma through acceptance of their mental disorder. “In general, we arrive to the suicidal act to get relief from a pain, or to decrease it. If we learn how to manage pain, we know that it has a peak, and that the peak will go away, and it will not be there for our entire life. At the beginning, I thought that when there was a suicidal behavior, it was because we told ourselves that nothing could change, that it would be the same at vitam eternam … Finally, we are aware that we will have to endure it for only few minutes, or few hours at most; [we are aware that] after, it will cease, and therefore we just have to keep pace.”, “They explained to us that many people try to commit suicide … [contributing] to not feel alone in the world … we realized that there are many people in our situation … I needed to understand what led me to attempt suicide”. Several patients in the PEPSUI group explained how the struggle against mental experiences increased suicidal ideation, sometimes leading to a suicidal act. Half of the participants in the PEPSUI group spontaneously said that scientific knowledge on suicidal behaviors was helpful. “To learn about the genetic components decreased my culpability, because I told myself that it didn’t come from me, that it wasn’t entirely my fault”. In the relaxation group, only one patient reported a modified perception of suicidal behaviors, and four patients found that stress management had an impact on their ability to face suicidal ideation. Several patients in the PEPSUI group, but none in the relaxation group, reported decreased frequency of non-suicidal self-harm through improvement of emotional regulation. “My happiness is expanding on a daily basis. When there is an argument with my boyfriend, I no longer bang my head against the walls, there is no more self-injurious behaviors at all”, “[Before the program] I did a lot of scarification … since [the program], I feel a lower need for it”. Finally, patients in the PEPSUI group said that they were more prone to develop help-seeking behaviors: “It will be easier for me [than before the program] to contact someone rather than to attempt suicide. Before [the program] I would not have dared to go to the psychiatric emergency department or to call the emergency mobile unit. But now I could do it more easily if something unpleasant were arising for me that I couldn’t cope with”.




Discussion

This is the first qualitative study assessing psychological changes and the underlying processes reported by outpatients at high-risk of suicide enrolled in a psychoeducational (PEPSUI) or relaxation program. Our results highlight the skills that are relevant for suicide prevention, particularly those specifically developed in the PEPSUI integrative program based on third-wave cognitive/behavioral strategies.

Patients were satisfied with the quality of care independently of the group to which they were allocated. They reported improved perception of mental health services, decreased self-stigma, and improved attitudes towards help-seeking. In agreement with the scientific literature (29), group modality and therapeutic alliance with the instructors were considered useful by all participants. However, the therapeutic alliance process was different in the PEPSUI and relaxation groups. Indeed, in the relaxation group, it was related to the empathic instructor’s presence, whereas in the PEPSUI group, it was related to the transmission of new skills with examples through self-confessions by the instructor. The aim of such self-confessions was to foster a spirit of collaboration with the patients on tasks, in a human-to-human relationship. It rooted the transdiagnostic collaborative suicide-specific framework for alliance-building, which has shown its interest for suicidal management (30). In both groups, patients reported the acquisition of stress management skills and distress tolerance. The relaxation program focused on stress management (as an end in itself). Conversely, the PEPSUI program considered such strategies as an emergency plan to manage high levels of inner tension, but only when emotional regulation strategies failed. Relaxation appeared as a way to survive stress, whereas the PEPSUI program involved specific psychological processes to act on the daily life.

Patients in the PEPSUI group reported modifications in their attitudes towards internal experiences (i.e., thoughts and emotions) thanks to mindfulness-derived practices that were based on openness to the current experiences, thought defusion, and emotion acceptance. This is in line with previous findings showing the positive effect of mindfulness skills on suicidal ideation (31). Specifically, patients experientially understood that attempting to suppress unpleasant thoughts (including suicidal ideation) is counterproductive. It has been shown that experiential avoidance is associated with increased intensity and frequency of unpleasant psychological events, including suicidal ideation (32–35). Interestingly, patients in the PEPSUI group reported that they felt able to manage suicidal ideation in a more effective way than before. Patients understood that unpleasant emotions are expressed through bodily sensations that induce psychological pain (24), leading to the urgent need to act and possibly to adopt experiential avoidance behaviors (25). Indeed, suicidal behavior may be considered as an extreme experiential avoidance strategy to escape from intolerable psychological pain. Moreover, acceptance skills decrease pain catastrophizing (i.e., the tendency to magnify or exaggerate the threat value or seriousness of pain sensations) (36) that has been associated with increased suicidal ideation/act in patients with headache (37).

Patients in the PEPSUI group specifically reported modifications in their involvement in various daily life areas. Valued commitments were sought for their own sake, just for the pleasure of doing them. This kind of commitments have been related to the “optimal experience” or “flow”, described by Mihály Csíkszentmihályi (38). The optimal experience is not something that passively happens, depending on pleasant external conditions, but rather something that actively happens depending on one’s involvement in life (whatever the external conditions) in a valued-based-state of mind. It is related to intrinsic motivation, i.e., the ability to find enjoyment and purpose regardless of the external circumstances (39). In the long term, valued commitments enhance the sense of participation in determining the content of life. People often try to achieve life satisfaction by pleasure maximization (28), leading to increased vulnerability due to the way impermanent external reality occurs. In suicidal patients, motivation to hedonic experiences is reduced, pain avoidance is increased (40), and sense of purpose in life is decreased (41). Contact with values may promote the internal locus of control (42), thus decreasing suicide risk (43). Patients in the PEPSUI group reported improved self-esteem, and quality of the relationships with others. According to the interpersonal theory of suicide (44), this may have an impact on suicidal ideation. This theory proposes that suicidal ideation occurs when subjects experience low belongingness (i.e., social disconnection) and high burdensomeness (i.e., to be a burden to others). Patients in the PEPSUI group reported that they shifted their attention from worries about their impaired Self, to benefitting others, which is deemed to foster mental health (45). Patients’ statements echo Viktor Frankl’s statement in Man’s Search for Meaning (46): “Happiness cannot be pursued; it must ensue … as the unintended side-effect of one’s personal dedication to a course greater than oneself”. Literature data indicate that low meaning in life is associated with depression and suicide (47), whereas high meaning in life protects against suicidal ideation (41, 48). Participants in the PEPSUI group reported contact with the present moment, defined as being fully involved with every detail of their life. It leads to the capacity to appreciate what is already here, and to the awareness of all people involved in a single moment of life. This is intrinsically related to gratitude skills that are useful in suicidal patients (19). In addition, contact with the present moment favors the involvement in valued-based commitments. Usually, people are too focused on what they want to achieve and therefore, they fail to enjoy the present moment. Valued commitment involves deriving contentment from the action for its own sake, in the present moment. Finally, patients in the PEPSUI group linked better contact with the present moment to decreased rumination, which has been implicated in suicidal behaviors (49).

Patients in the PEPSUI group found that the matrix (22) was an effective decision-making tool to analyze and to cope with difficult situations, and to decrease impulsivity. This visual tool seeks to increase psychological flexibility (50), leading to the ability to choose valued actions in the presence of unpleasant psychological events. Therefore, the PEPSUI program may have an effect on neuropsychological features of suicidal risk: impaired decision making (51), reduced cognitive flexibility (52), and poor problem-solving abilities (53).

In the PEPSUI group, scientific knowledge about suicidal behavior contributed to understanding that suicidal ideation is the outcome of interactions among many factors, including stable biological factors. This understanding was linked by the patients to a decreased culpability towards their suicidal experiences that were understood as part of a mental disorder affecting many people. Patients in the PEPSUI group said that they learnt to accept their mental disorder.

This study has some limitations. First, all the consecutively included patients in the PEPSUI group (n=10) could be interviewed. Conversely, 14 patients had to be included in the relaxation group to reach the number of patients needed for reaching data saturation (n=8) (37), because 6 patients were lost of follow-up. This could suggest that PEPSUI was perceived as more useful than relaxation. Second, in line with the recommendations on qualitative studies (20), the number of included subjects (n=18) was enough to achieve data saturation and to draw conclusions. However, our findings cannot be generalized. Third, the instructors in the relaxation group attended mindfulness meditation sessions each week. We cannot exclude that the relaxation instructors were influenced by the mindfulness skills they integrated in their own life. Fourth, the group was an add-on program in a naturalistic setting. Therefore, the concomitant care may have affected the patients’ perceptions of the PEPSUI and relaxation programs. Last, the qualitative assessment was performed only at the end of the program. Future studies with randomized samples should include multiple longitudinal qualitative assessments to draw a broader picture of the impact of psychoeducational therapy, particularly on the long-term mechanisms at work, and to identify subgroups of patients who are more likely to benefit from the program.

This study has several strengths. First, it relied on a robust methodology because we used a randomized controlled design. Due to the limited exclusion criteria, a representative suicidal outpatients sample was included. The methodology design was well adapted to identify specific and non-specific psychological processes involved in PEPSUI. The qualitative methodology was the most appropriated to explore the internal subjective experiences and processes, which could not have been done with quantitative methods. Semi-structured interviews allowed respecting the spontaneous input from patients, while keeping a neutral attitude. The semi-structured interviews were carried out in a neutral place, by the same interviewer who was not involved in the groups’ animation. The content validity was respected using a literature-based guide for narrative interviews. To prevent potential bias resulting from different meanings that interviewers and interviewees could attribute to words, reformulations and summaries of the patients’ input were performed throughout the interviews. Furthermore, verbatim transcriptions were rigorous and hand-written to avoid inaccuracies from computer programs. The present study fitted the Consolidated criteria for reporting qualitative research (COREQ) criteria (110), and the saturation data principle was respected (80). Finally, a qualitative study of a psychoeducational program for suicide prevention is innovative.



Conclusion

To overcome the gap between the need and the availability of evidence-based treatments, cost-effective low-threshold accessible interventions must be developed. Our qualitative study indicates that the PEPSUI psychoeducational program may represent a promising intervention for suicide prevention. According to the patients’ opinion, the PEPSUI program was a way to expand and develop a meaningful life, whereas relaxation appeared only as a way to survive stress.
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Self-injury often arises as a maladaptive coping strategy used to alleviate distress. Past research has typically examined how chronic stressors in a specific context are associated with self-injury. Little is known about the unique and cumulative associations between acute stressful life events that occur in different social contexts and self-injury among adolescents. This is especially the case for males, for whom the etiology of self-injury is understudied. We examine the unique and cumulative contributions of stressful life events in the contexts of adolescents' school life, peer networks, intimate relationships, and family life to self-injurious behavior in males and females from the community. Our data comes from a prospective-longitudinal community-representative study, the Zurich Project on the Social Development from Childhood to Adulthood (z-proso). Our sample consists of 1,482 adolescents (52% male) assessed at ages 13, 15, 17, and 20. At each age, adolescents reported whether they had engaged in self-injury during the previous month. They also reported stressful life events in the school, peer, intimate relationships, and family contexts, typically since the last assessment. Stressful life events in the peer context were consistently associated with self-injury. In the contexts of school, intimate relationships, and family, some associations were age- or sex-specific. For example, mid-adolescent females were more likely than mid-adolescent males to use self-injury when faced with stressful events in school and intimate relationships. With respect to risk accumulation, females' risk of self-injury increased with each additional life event between the ages of 13 and 17, beginning at 2+ events. This pattern did not hold for males. In early adulthood, 4+ life events were associated with an increased risk of self-injury, which suggests that the thresholds for the number of life events needed to trigger self-injury increased from adolescence to young adulthood. Our findings suggest that reducing risk of stressful events in different social contexts, and improving young people's coping skills could help reduce their risk of self-injury. New or revised theoretical models may be needed to better understand the emergence of self-injury in males.

Keywords: non-suicidal self-injury, NSSI, self-harm, adolescence, stress, life events, sex differences


INTRODUCTION

Adolescent self-harm, including self-injury, is a serious public health issue across the globe (1, 2). In recent years, several theories have emerged to explain why adolescents engage in this behavior (3, 4). One influential theory maintains that self-injury is a maladaptive coping or affect-regulation strategy that some adolescents use when they feel overwhelmed or over-aroused by emotional distress or unmanageable social demands (3).

Despite this progress in theory development, the circumstances under which self-injury arises are not well-characterized (5). Here we aim to answer three research questions: First, is adolescent self-injury more likely to occur in response to stressful life events in certain social contexts rather than others (e.g., peer networks vs. family life)? Second, is there a particular number (or threshold) of stressful life events that causes stress to become so overwhelming that adolescents engage in self-injury? Third, do associations between stressful life events and self-injury differ between males and females? Answering these questions may contribute to a more nuanced understanding of the etiology of self-injury and provide insights into when, for whom, and by what means the risk of self-injury could be reduced.

Adolescence is a time of increased interpersonal sensitivity and interpersonal stress (6–8). While confronting the psychosocial strains associated with the social transitions of adolescence, young people simultaneously undergo biological transitions that can compound their levels of and reactions to stress (9, 10). For example, in addition to pubertal changes, adolescents' stress responses are fundamentally reshaped during early and mid-adolescence. Therefore, stress reactivity may temporarily increase, meaning that a stressor that would be well-tolerated by a person during other developmental stages could be experienced as overwhelming during adolescence (10). Here we considered the potential age-specific associations between stressful life events and self-injury by using four repeated assessments between the ages of 13 and 20 years.

Social distress can occur in all of the main social contexts of adolescence, including in school life, peer networks, intimate relationships (e.g., with best friends or romantic partners) and family contexts. Prior research has mostly focused on associations between chronic stress (i.e., stress that persists over prolonged periods) in particular social contexts and self-injury. Compared to such chronic adversities, stressful life events are discrete and short-lived but, nevertheless, result in increased stress levels and potential psychological problems (11, 12), which may include self-injury. The body of work on life events and adolescent self-injury is relatively small (13–16) and one limitation is that most previous studies have not examined whether stressful life events in some contexts (e.g., peers) are more strongly associated with self-injury than events in other contexts (e.g., family). Such a direct comparison can only be done when events in several contexts are included in one and the same study. Therefore, the first aim of our study is to examine associations between stressful events in different social contexts and self-injury from early adolescence to early adulthood.

In the school context, for example, adolescents can be exposed to considerable pressures as they are expected to strive for academic and future professional success and must undergo several educational transitions. School pressures and anxiety associated with school performance are stressful and could lead to adolescents engaging in self-injury as a coping strategy (17). School stressors are also associated with low self-esteem (18), which is, in turn, associated with self-injury (19). However, the role of acute stressful events, such as school failures (e.g., grade retention, failing exams), on adolescent self-injury has not been extensively investigated.

Adolescents also often face stressful life events as they undergo transitions in their peer networks (peer context), form intimate bonds with best friends and romantic partners (intimate relationships context), and re-negotiate their roles in relation to parents and siblings (family context) (9, 20). Evidence of associations between chronic adversity relating to peer and romantic relationships and self-injury is consistent (13, 19, 21, 22), whereas evidence of associations between family-related adversity and self-injury is mixed (21, 23, 24). Evidence of the unique role of acute life events in these contexts (e.g., being physically attacked by peers, the breakup of intimate relationships, or experiences of loss in the family context) is largely missing from the literature.

The second aim of our study is to address the question of what happens when stressful life events accumulate over a short period of time, possibly consuming adolescents' lives and coping resources. It is plausible that one or two life events could be compensated for (or buffered) by relying on protective factors, such as constructive coping strategies or social support. However, multiple life events over a short period of time could contribute to overwhelming stress that triggers self-injury, irrespective of the social context of these events. Evidence of the detrimental effects of risk accumulation can be found in cumulative risk research, which shows that the risk of negative outcomes, including psychological problems, increases with each additional stressor (25). Research on adverse childhood experiences (ACEs) also shows graded associations between the number of exposures and outcomes. Notably, this work has reported that those with four or more ACE categories are at particular risk (26). Recent research has also shown that higher numbers of life events are associated with an increased risk of self-injury (13–16). However, thresholds of stressful life events associated with particularly dramatic increases in the risk of self-injury, comparable to those in studies of ACEs, have not yet been investigated. Therefore, this study examines whether an accumulation of recent life events is associated with self-injury and how many events cause this association to become particularly strong.

Much of the existing research has been unable to examine whether associations between stressful life events and self-injury change with age because most studies are cross-sectional or short-term longitudinal in design. Given the many changes that occur during adolescence, including changes in social priorities and stress reactivity (9, 10), it seems plausible that the strength of the association between life events and self-injury could change with age. For example, school-related failures may become increasingly stressful in late adolescence when important educational and professional transitions are pending, whereas other events, such as severe forms of peer victimization, may be highly relevant to well-being throughout adolescence (24, 27). Romantic break-ups could be particularly stressful in cases of an adolescent's first serious relationship with an intimate romantic partner (e.g., in mid- or late adolescence). Indeed, one study found an association between romantic stress and increased risk of self-injury, but only in girls during advanced puberty (21). Finally, family-related experiences of loss are known to increase young people's risk of mental health problems (28), but family-related life events encountered during early adolescence may be more critical than those in later adolescence, when young people become increasingly independent from the family.

Another caveat of previous research is that many studies use predominantly female or clinic-recruited samples (29). Therefore, associations between life events and self-injury among adolescents from the community are not well-documented. In addition, male self-injury and its etiology are poorly understood. It is possible that the contexts and numbers of life events that are followed by self-injury differ between males and females (30). A recent study conducted on the same sample used in this work showed that the reasons that males with self-injury reported for use of mental health services tended to differ from those of females with self-injury (31). This also suggests that the triggers of self-injury could differ by sex. It is also possible that males do not necessarily engage in self-injury when dealing with stressors but use other (maladaptive) coping strategies instead (e.g., substance use, aggressive behaviors). Therefore, the third aim of our study is to examine sex differences across all associations between life events and self-injury.



METHODS


Sample and Procedures

Our data is taken from four waves of the ongoing longitudinal Zurich Project on the Social Development from Childhood to Adulthood [z-proso; (32, 33)]. Participants were selected using a cluster-stratified randomized sampling approach. In 2004, a sample of 1,675 children from 56 primary schools was randomly selected from 90 public schools in the city Zurich, Switzerland's largest city. Stratification was performed taking into account school sizes and socioeconomic background of the school districts. The sample was largely representative of first-graders attending public school in the city of Zurich. Participants were followed until 2018, when they were 20 years old.

The current study uses data that was mainly collected from participants aged 13 onward, when self-injury was first assessed and when adolescents face many stressors and transitions [N = 1,362; N = 1,443; N = 1,305; N = 1,180 at mean ages 13 (grade 7), 15 (grade 9), 17 (grade 11), and 20, respectively]. For example, in Zurich, adolescents are academically tracked into vocational school and college-bound tracks based on their academic performance at ages 12/13 and 15/16. In the course of these tracking decisions, many adolescents take high-stakes tests and must make other important educational decisions.

Of those who participated at least once between ages of 13 and 20 (N = 1,482), 52% were male. Consistent with Switzerland's immigration policies and the city's diverse population, participants had parents who had been born in over 80 different countries, and 76% of the adolescents had grown up with at least one parent with an immigration background. The majority of adolescents were born in Switzerland (91%). The parental educational background of participants was diverse; in 26% of households, at least one parent held a university degree. The mean household occupational status, measured using the International Socio-Economic Index of Occupational Status (34), was 45.74 (SD = 19.24). This internationally comparable index of socio-economic status is based on occupation-specific income and the required educational level, with scores ranging from 16 (e.g., unskilled worker) to 90 (e.g., judge) in our sample.

The study is consistent with national and international ethical standards and was approved by the responsible ethics committee. Adolescents provided written consent for their study participation, and parents of those aged 15 and younger could choose not to have their child participate in the study. Data were collected from groups of 5–25 participants in classroom settings with paper-and-pencil questionnaires up to age 17 and in a computer laboratory setting with computer-administered surveys at age 20. Completing the surveys typically took ~90 min. Adolescents received a cash incentive for their participation, which increased from ~$30 at age 13 to $75 at age 20.



Measures

Self-injury was self-reported at ages 13, 15, 17, and 20 years. Respondents were asked how often they had harmed themselves on purpose during the previous month. Several example behaviors were provided (i.e., “cut my arm,” “tore open wounds,” “hit my head,” “tore out my hair”). Respondents were not asked whether self-injury was pursued with suicidal intent; therefore, our assessment does not distinguish between suicidal and non-suicidal self-injury. However, the example behaviors provided to participants were prototypical non-suicidal self-injury behaviors. Answers were recorded on a five-point scale (1 = “never,” 2 = “rarely,” 3 = “sometimes,” 4 = “often,” and 5 = “very often”). For our analyses, we use a dichotomized variable (0 = “never,” 1 = “at least rarely,” with the latter implying at least once during the previous month). Twenty-seven percent of those who participated at all assessments between ages 13 and 20 reported self-injury at some point during adolescence [for more detail on the development of self-injury among males and females in this sample, see (31)].

Stressful life events in the four main adolescent social contexts (i.e., school, peer networks, intimate relationships, and family) were also reported at ages 13, 15, 17, and 20. The adolescents were presented with a list of events and asked to indicate whether an event had occurred during the past two years (at ages 13–17) or three years (at age 20). These recall time frames allowed us to assess all stressful events since the previous interview. The only exception were events in the peer context, which were assessed in a separate section of the questionnaire, which assessed events in the previous year only. Within each of the four contexts, two types of stressful events were captured (see Figure 1). School-related events were (1) failure in an important exam and (2) grade retention. For stressful life events involving peer networks, we focused tightly on peer violence because of our focus on short-lived life events. Other forms of peer victimization (e.g., bullying) are often chronic rather than short-lived, and, thus, do not capture discrete acute experiences. Events involving peer violence were defined as (1) any violent assault by a peer (with or without a weapon) and (2) sexual victimization (i.e., sexual assault or sexual harassment by a peer). At ages 17 and 20, the wording of these items changed from “peers” to “others,” [but most violent or sexual assaults at these ages are likely to be committed by peers (35)]. Stressful events in the context of intimate relationships were identified as (1) the breakup of a romantic relationship and (2) the breakup of a best friendship. Family events were (1) loss of a family member (i.e., death of a parent or sibling) and 2) exposure to family instability (i.e., parental separation, a parent's new partner moving into the household, parental job loss, or parental hospitalization). Although z-proso assessed a variety of other life events, we limit our analyses to events that were measured at every assessment included here.


[image: Figure 1]
FIGURE 1. Eight stressful events in four social contexts of adolescents' everyday lives.


In the current paper, we use (a) binary assessments, indicating whether any event had occurred in a particular social context (0 = no event, 1 = at least one event), and (b) a cumulative sum score, indicating how many events had occurred at least once (possible range = 0–8). This cumulative score represents the variety of events that had occurred. We also created (c) a cumulative sum score indicating the number of social contexts within which any event had occurred (possible range = 0–4).

Control variables were chosen to address potential pre-existing differences in life circumstances that may have affected the probability of stressful events and self-injury. The control variables were (i) high parental education (1 = at least one parent with a tertiary education degree, 0 = both parents with some lower educational level), (ii) child's educational level at the previous assessment [1 = academic high school (called “high” in our tables) vs. 0 = other at ages 13, 15, and 17], (iii) parental separation/divorce by child age 11, which was included in order to adjust for pre-existing family stressors or instability, and (iv) migration background (1 = both parents born abroad vs. 0 = at least one parent born in Switzerland).



Analytic Strategy

To answer our three research questions, regression models were specified in MPlus V7 (36) using the maximum likelihood robust (MLR) estimator, which is a useful estimator for categorical outcomes and provides logit coefficients and odds ratios (ORs) with confidence intervals (i.e., for logistic regression models).

The context-specific relevance of stressful events for adolescent self-injury (first research question) was analyzed in two steps. First, four separate models were specified for each of the four social contexts to test associations between the occurrence of a stressful event in a specific context and self-injury at each age. Second, all four variables that represent the occurrence of a stressful life event in each of the four contexts were included within a single model to test whether events in particular contexts were unique risk factors for self-injury. All associations were adjusted for sex, parental educational background, adolescent educational level at the previous assessment, parental separation/divorce by age 11, and migration background.

When examining life event accumulation and self-injury at a given age (second research question), we specified models in which the number of events reported at that assessment was included, first, as a continuous variable ranging from 0–8 (cumulative model) and, second, as a categorical variable indicating the occurrence of 0, 1, 2, 3, or 4+ events (threshold model). In the threshold model, zero events was used as the reference category and the other categories were included as dummy variables. In an additional similar set of analyses, we compared the associations between self-injury and the number of contexts, in which any event had occurred (0, 1, 2, or 3+ contexts).

To assess sex-specific associations (third research question), we ran separate analyses for males and females and also included interaction terms (sex*context of event or sex*number of events) in the overall models. All possible interaction terms (sex*context of event or sex*number of events) were included separately (i.e., one at a time).

In a set of follow-up analyses, we extended the main models and also included auto-regressive paths between self-injury at two consecutive assessments, thus controlling for a potential overlap between life events and prior self-injury.

A small percentage of attrition occurred at each assessment wave and potential bias could have arisen from selective attrition mechanisms (33, 37, 38). To avoid such bias, we used model-based multiple imputation (MI). This procedure takes into account the uncertainty associated with imputing data. MI is considered a gold standard for handling missing data in developmental research (39). We specified our models within a structural equation modeling framework, which allowed us to estimate associations between life events and self-injury at the four assessments in the same statistical model (i.e., for each set of predictor variables [events in a particular context, events in all contexts, or accumulated number of events], we estimated four regressions simultaneously, for the self-injury outcomes at ages 13, 15, 17, and 20). With this technique, all adolescents who participated in the study at least once between the ages of 13 and 20 could be included in our imputation models (N = 1,482; 767 males and 715 females); thereby maximizing the accuracy of our estimates. Specifically, twenty imputed data sets were generated, and the estimates reported here were averaged across the complete data sets.




RESULTS


Descriptive Statistics

In a previous paper based on the same sample, we reported that self-injury prevalence was highest in early adolescence and then decreased in the overall sample and in males but peaked in mid-adolescence among females (31). In the current study, the numbers of stressful life events adolescents reported were M(SD) = 1.47(1.27), 1.33(1.21), 1.20(1.10), 1.96(1.51) at ages 13, 15, 17, and 20, respectively. An overview of the average number of events, the frequency of specific types of events, and the contexts in which stressful events occurred among youth with and without self-injury are provided in Supplementary Section 1. Overall, the burden from stressful life events was considerably higher among those with self-injury than among those without. The occurrence of life events in some contexts was associated with the occurrence of life events in other contexts, but the sizes of most associations were rather low [OR ranging from 1.06 (not significant) to 2.99; see Supplementary Section 2 for all associations]. The strongest associations were observed between peer violence and intimate relationship breakups.



Contexts of Stressful Life Events and Self-Injury
 
Overall Sample

The separate models showing associations between self-injury and events in single specific contexts (Figure 2) revealed that school-related events were associated with an increased risk of self-injury at all ages (b = 0.49–0.82, p = 0.001–0.004). Confidence intervals for the ORs overlapped across the different ages. Nevertheless, the sizes of the associations between school events and self-injury appeared to increase with age. Life events involving peer violence were consistently associated with self-injury from early adolescence until early adulthood. Except at age 15, the effect size was OR > 2 (b = 0.64–1.07, p < 0.001 at all time-points), suggesting a sizeable association between violent peer experiences and self-injury. Life events in the context of intimate relationships were also associated with self-injury but with comparably smaller effect sizes (see Figure 2) and higher p-values (b = 0.30–0.45, p = 0.018–0.066 between age 13 and 17); the association was non-significant at age 20. The confidence intervals for the ORs of the intimate relationships associations were considerably smaller compared to most other events, which likely reflects the fact that a larger group of adolescents had experienced life events in this context compared to other contexts.


[image: Figure 2]
FIGURE 2. Associations between life events in four social contexts (separate models) and self-injury: odds ratios and 95% confidence intervals from logistic regressions, adjusted for sex, parental educational background, adolescent educational level at previous assessment, parental divorce by child age 11, and migration background.


Family-related life events were associated with self-injury at ages 13 and 15 (b = 0.48–0.80, p < 0.001–0.005), but not at age 17. At age 20, the association was significant again (b = 0.46, p = 0.036). Specifically, an initial decrease of effect sizes for family-related events from ages 13 to 17 was followed by an increase at age 20 (see Figure 2).

The results of the models showing associations between self-injury and stressful events in any of the four social contexts show that most associations observed in the separate models are unique and remain significant, at least at the statistical trend level (i.e., p < 0.10; see Table 1). Life events involving peer violence and school events emerged as strong correlates of self-injury at all ages. Associations between stressful life events in the context of intimate relationships and subsequent self-injury were consistently weak and mostly non-significant.


Table 1. Associations between self-injury between age 13 and 20 (dependent variables) and life events: results from multivariate logistic regressions with multiple imputation (N = 1,482).

[image: Table 1]



By Sex

The results from the models that concerned events in a single context revealed some sex-specific patterns (Figure 3). With regard to school-related events, a significant sex interaction emerged at age 15 (p = 0.045), showing that school-related life events at age 15 were associated with increased risk of self-injury only in females (b = 0.90, p < 0.001), and not in males. Life events involving peer violence were consistently associated with an increased likelihood of self-injury among both males and females, there were no significant sex interactions. With regard to intimate relationship breakups, the sex difference was significant at age 15 (p = 0.032). At that age, intimate relationship breakups were associated with an increased risk of self-injury among females only (b = 0.64, p = 0.003). For family-related events, no significant sex interaction emerged.


[image: Figure 3]
FIGURE 3. Sex-specific associations between stressful life events in four social contexts (separate models) and self-injury: odds ratios and 95% confidence intervals from logistic regressions, adjusted for parental educational background, adolescent educational level at previous assessment, parental divorce by child age 11, and migration background.


The findings from the separate models were mostly replicated when events in the four social contexts were included in a single model, except that intimate relationships breakups were no longer associated with self-injury in females at age 17 (see Supplementary Section 3 for sex-specific multivariate models including any event in all four contexts). p-values of the interaction terms sex*context of event in the final overall model were 0.045 in the case of school-related events and 0.051 in the case of intimate relationship breakups at age 15.



Summary

A summary shows that school-related stressful life events and peer violence were consistently associated with self-injury across all ages. Intimate relationship breakups were also associated with self-injury, but only sporadically and with a smaller effect size. Family-related life events were associated with self-injury particularly from early to mid-adolescence (ages 13 and 15) and, with a weaker association, at age 20. Significant sex differences emerged in the contexts of school and intimate relationships at age 15. Specifically, mid-adolescent females were more likely than males to engage in self-injury when faced with stressful events in these contexts.




Accumulation of Stressful Life Events and Self-Injury
 
Overall Sample

The model with an accumulated score of stressful life events (continuous variable) showed that, across adolescence, a greater number of life events was associated with an increased risk of self-injury (OR = 1.58, 95% CI = 1.38–1.81, b = 0.46, p < 0.001; OR = 1.46, 95% CI = 1.27–1.68, b = 0.38, p < 0.001; OR = 1.52, 95% CI = 1.28–1.80; b = 0.42, p < 0.001; OR = 1.42, 95% CI = 1.19–1.68, b = 0.35, p < 0.001 at ages 13, 15, 17, and 20, respectively). The model using the number of events as a categorical variable (threshold model) showed that rates of self-injury were lowest among youth who had experienced zero or one stressful event (Figure 4). Beginning at two life events, however, rates of self-injury increased with an increasing number of events from ages 13 to 17 (Table 2). At age 20, only the contrast between four or more events and zero events was significant (Supplementary Section 4 shows the distribution of the accumulated life events variable used in the thresholds model).


[image: Figure 4]
FIGURE 4. Overall threshold model: proportion of youth with self-injury among those with zero to four or more stressful life events from ages 13 to 20. Asterisks represent p-value of the contrast between a particular number of events vs. zero events (reference) from a model that adjusted for sex, parental educational background, adolescent educational level at previous assessment, parental divorce by child age 11, and migration background. †p < 0.10; *p < 0.05, **p < 0.01, ***p < 0.001.



Table 2. Threshold models: contrast between zero (reference category) and other numbers of stressful life events associated with self-injury, adjusted for sex, parental educational background, adolescent educational level at previous assessment, parental divorce until age 11, and migration background.
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By Sex

The cumulative models indicated that associations between the number of stressful events and self-injury partially differed for males and females; there was a significant interaction of sex*number of events at age 15 (p = 0.046). The threshold models showed that in males, significant associations were observed at ages 13 and 17, when exposure to four or more life events was associated with an increased risk of self-injury (Figure 5; Table 2). In females, the threshold for increased risk of self-injury was two or more events between ages 13 and 17 and four or more events in early adulthood (age 20).


[image: Figure 5]
FIGURE 5. Sex-specific threshold models: proportion of youth with self-injury among those with zero to four or more stressful events from ages 13 to 20. Asterisks represent p-value of the contrast between particular numbers of life events vs. zero events (reference) from models that adjusted for parental educational background, adolescent educational level at previous assessment, parental divorce by child age 11, and migration background. †p < 0.10; *p < 0.05, **p < 0.01, ***p < 0.001.




Accumulation of Stressful Life Events Across Contexts

An additional similar set of analyses was conducted to examine whether the number of contexts in which stressful events had occurred was associated with self-injury (see Supplementary Section 5). The rationale here was to test the hypothesis that when more than one context of adolescents' lives is affected by stressful life events, the risk of self-injury may increase. The results reveal that experiencing stressful life events in a single social context was not associated with an increased risk of self-injury. However, when stressful life events accumulated across multiple contexts, the risk of self-injury increased (threshold of 2+ contexts from ages 13 to 17, and 3+ contexts at age 20). Similar to the findings for the cumulative count of life events, we found that associations between the number of contexts in which stressful events had occurred and self-injury were stronger and more consistent in females than in males.




Follow-Up Analyses

The prospective longitudinal design of our study allowed us to investigate a sequence of recent events and self-injury, especially because the data collection process incorporated a timeline that strengthens inferences with respect to the direction of effects (i.e., stressful life events reported for the previous years and self-injury reported for the previous month). Nevertheless, it is possible that adolescents with prior self-injury were at higher risk of exposure to stressful events than those without prior self-injury [e.g., interpersonal stressful events (40)]. Thus, for some of the associations examined here, the self-injury and the event may have had a common cause or the association may be bidirectional in nature.

To control for a potential overlap between life events and prior self-injury, we carried out a set of exploratory follow-up analyses in which we adjusted for self-injury reported in the previous wave when examining associations between life events and later self-injury (i.e., in the model presented in Table 1 and in the overall models with an accumulated number of events, we allowed for auto-regressive paths from self-injury at the previous time-point to the current time-point). This was not possible for predictions of self-injury at age 13 as self-injury assessments prior to age 13 were not available.

Most associations found in the previous models were replicated in these follow-up analyses and remained significant at p < 0.05. Only some associations were attenuated. Specifically, the associations between school-related events and self-injury at age 17 (p = 0.084) and between family-related events and self-injury at age 15 (p = 0.051) were weakened, and the associations between intimate relationship breakups and self-injury at age 17, and between family-related events and self-injury at age 20 were non-significant (p = 0.10 and 0.15, respectively). In the threshold model, the association between four or more events and self-injury at age 20 was attenuated (p = 0.081).




DISCUSSION

The results of our study reveal that stressful life events in the contexts of school, peer networks, intimate relationships, and family are all associated with self-injury at some point during adolescence. School- and peer-related life events were consistently associated with self-injury across all ages, but associations were more age-specific for intimate relationship- and family-related life events. An accumulation of two or more stressful life events was strongly associated with an increased risk of self-injury in females from early to late adolescence, but not in males. We discuss the various findings in turn.


Contexts of Stressful Life Events

School-related life events were associated with self-injury at all ages. The size of this association gradually increased with age, perhaps reflecting the increasing pressures on older adolescents to achieve school and future professional success. Academic failures can be humiliating for adolescents and may cause a reduction in self-esteem, which is a known correlate of self-injury (19, 41). School events may also predict self-injury because repeating a grade or failing an important exam may lower adolescents' social standing among their peers and entail changes in peer groups and schools, which come with additional stressors.

At age 15, when decisions about future vocational schooling or apprenticeships vs. the opportunity to attend academic high school are made in Zurich, associations between school-related life events and self-injury were especially strong in females. It is possible that whole social networks of female adolescents (i.e., groups of friends or close class-mates) are stressed by school-related events in mid-adolescence. This could give rise to social contagion of self-injury (42). In contrast, school-related events were not associated with self-injury in males at age 15. Perhaps males are less stressed by academic tracking or react differently to school-related stressors (e.g., by externalizing problems). Or perhaps they are able to use school changes as an opportunity to renegotiate and improve their social and school standing (43) and to adopt different coping strategies with their new peers in new schools.

Life events involving peer violence were associated with the risk of self-injury across all ages. The major significance of the peer context for adolescent mental health is consistent with prior studies of chronic peer stressors (24, 27) and also with research on self-injurious behaviors (SIB) in non-human primates, which has shown that aggression from peers can be a proximal cause of SIB (44). Among human adolescents, the detrimental effects of peer-related stressful events likely reflect the great importance of peer relationships in adolescents' everyday life and the relevance of these relationships for their well-being (8, 22, 45). Indeed, in our study, peer-related life events were more strongly associated with self-injury than breakups of intimate relationships (although it is also important to consider the different time frames incorporated in the two measures). Notably, the peer events included here involved physical/sexual violence. Violence can have traumatic effects, which may explain why peer events were the strongest correlate of self-injury in our analyses. Indeed, being physically attacked or sexually harassed can elicit a physiological fight-or-flight stress response, which may, in turn, trigger the use of self-injury as a maladaptive coping strategy that reduces physiological arousal and negative affect (3, 4). Although measured as life events here, peer violence could also be associated with chronic forms of victimization, such as bullying. Future research is needed to compare the effects of sporadic physical victimization experiences to those of chronic physical and psychological victimization experiences (e.g., due to exclusion or intimidation by peers).

Stressful life events in the context of intimate relationships showed the weakest and least consistent associations with self-injury: no association in males and a uniquely significant association in females at age 15 only. Indeed, it has been found that adolescent females tend to be more sensitive to interpersonal stressors than males (7). Moreover, adolescent females have been found to focus on dyadic and exclusive relationships and intimacy more than males (46). This emphasis on intimacy, including in (best) friendships, typically increases after early adolescence and could, in part, explain the sex differences in associations between self-injury and intimate relationship events in mid-adolescence. With regard to the age-15-only association, it is possible that break-ups at that age involve a first serious romantic partner, and therefore a novel kind of stressor. The age-specific pattern is also consistent with prior work, which found that chronic romantic stress (e.g., rejection, arguments, having fewer romantic relationships than one's peers) increased the risk of self-injury among girls with advanced pubertal development (21). However, a caveat is that the items used to assess relationship breakup did not distinguish adolescents who were abandoned by a partner or friend from those who decided to break off the relationship themselves. Although both scenarios are likely to be associated with stress, the latter may also entail relief and a sense of self-efficacy. Had we asked about abandonment by a romantic partner only, the associations with self-injury may have been stronger.

The specific vulnerability of females to stressful events in school and intimate relationship contexts at age 15 provides further insights into the potential reasons for the particularly high prevalence of self-injury among females at that age (31). Importantly, our findings provide potential starting points for counteracting this high prevalence.

The sizes of the associations between family-related stressful life events and self-injury decreased from ages 13 to 17, which could reflect adolescents' increased time away from home. Nevertheless, family-related experiences were unique risk factors for self-injury in early and mid-adolescence, which is when self-injury typically first emerges (5). As self-injury is, in many cases, habitualized and therefore recurrent across adolescence (3, 4, 31), these associations between family-related events and early onset of self-injury can be highly relevant for intervention practices. The findings add to prior research, which has revealed that various forms of chronic family adversity, including child maltreatment, relational trauma, lack of support, and hostility, increase the risk of self-injury in adolescents and young adults. These effects have been found to be partially mediated by depressive symptoms, anxiety, and low self-esteem (19, 23, 47). Research has also shown that more sporadic events involving loss and instability in the family increase young people's risk of suicidality (28), which is a well-known correlate of self-injurious behavior (48, 49).

Some research has suggested that family dynamics that promote self-criticism contribute to the risk of self-injury (19, 50). These dynamics could be activated during times of family instability and loss. Family-related life events (e.g., death of a sibling or parental job loss) impose additional stressors on the whole family system, which could precipitate tension, parental expression of negative emotions and criticism, and lower levels of family support, in addition to the distress and grief associated with the events themselves. Such losses and instability within the family could be most detrimental during early adolescence, a time when young people have not yet developed larger support networks outside the home.



Accumulation of Stressful Life Events

Notably, experiencing multiple stressful events was associated with an increased risk of self-injury, but the threshold for the number of life events needed to trigger self-injury increased from adolescence to early adulthood (from 2+ to 4+ events). This could indicate less vulnerability to multiple stressors as young people come of age (10). Many impulsive behaviors decrease at some point during early adulthood, as the prefrontal cortex matures and self-regulatory and coping capacities increase (51–54); this might also be the case for self-injury. Interestingly, research on adverse childhood experiences and associated health risks in adulthood has also reported that an accumulation of four or more ACE categories can be particularly detrimental (26). However, while ACEs tend to be highly correlated with each other, most of the correlations among stressful life events in the different contexts examined here were modest, indicating an accumulation of independent stressors for any number of reasons.

Alternatively, decreasing associations between cumulative life events and self-injury in early adulthood could indicate that self-injury is replaced by other maladaptive coping strategies (e.g., substance use, other risky behaviors) in the face of major stressful life events. Indeed, although the literature reports that self-injury mostly ceases by adulthood, there is evidence of enduring psychosocial and psychiatric impairment among those previously affected (55). Furthermore, among those who still self-injure in young adulthood, self-injury may have become an entrenched coping mechanism, which is associated with psychiatric disorders [e.g., borderline personality disorder (48)], and does not necessarily require major events in order to be triggered.

An accumulation of stressful life events was consistently associated with self-injury in females. This is consistent with Nock's (3) theory, according to which self-injury is typically a response to the experience of stress. Life events and their accumulation likely evoke over-arousal in adolescent females and place unmanageable demands on them, which are compounded by pressures such as keeping up at school. These unmanageable demands may contribute to feelings of being overwhelmed, which, in turn, triggers self-injury as a maladaptive strategy to alleviate distress.

In contrast, males' risk of self-injury only increased with exposure to four or more stressful events and only at ages 13 and 17. Perhaps most adolescent males turn to more male-typical maladaptive coping behaviors in response to moderate levels of stress, including substance use and delinquent behaviors. In early adolescence (i.e., age 13), they may not yet have the necessary resources to engage in such behaviors. This interpretation is consistent with the pragmatic hypothesis of self-injury emergence (3), according to which young people chose self-injury as a coping strategy because it is easily accessible. For females, self-injury may be a coping mechanism consistent with gender stereotypes and easily accessible means. For mid-adolescent males, self-injury may not conform to male-typical behavior because it is less prevalent among their male peer group [for the sex-specific prevalence of self-injury in the present sample, see (31)], and could, thus, carry an extra cost of stigmatization. Accordingly, adolescent boys may engage in more male-typical mechanisms, including substance use, as soon when such mechanisms become more easily accessible [the legal age for purchasing beer and wine in Switzerland is age 16, and many adolescents initiate use earlier (Quednow et al., under review)].

Nevertheless, some males do engage in self-injury from mid-adolescence to young adulthood, and more research is needed to better understand male-specific triggers of self-injury. It may be worth exploring in more detail some of the contexts examined here, such as the family context in early adolescence and the peer context over the entire period of adolescence, since our analyses show that stressful events in these contexts and at these times are significantly associated with an increased risk of self-injury in males. In addition, researchers may need to look elsewhere for triggers of male self-injury. For example, our previous work on services use suggested that male self-injury could be associated with learning difficulties and concentration and attention problems (31), many of which would not have been captured in the life events categories used here.



Implications for Practice

In order to protect young people from self-injury, efforts to reduce the number of stressors that adolescents encounter in their daily lives should ideally be combined with efforts to strengthen young people's protective resources.


Reducing the Number of Stressors

Young people are inevitably exposed to at least some stressful events during their adolescence (9). Our findings show that especially stressful life events in the contexts of school and peer networks could precipitate self-injury. One important point for prevention and intervention measures to address self-injury is the necessity to reduce peer violence at all stages of adolescence. It is also crucial that policy-makers, when designing school systems and curricula (e.g., in terms of tracking and the timing of transitions and important exams), take into account the fact that increasing school pressures can become toxic and counterproductive and can provoke detrimental responses in youth who are simultaneously facing many other changes in their lives. Such compounding pressures could especially increase distress to an extent that triggers self-injury in adolescent females.



Strengthening Protective Factors

Teaching adolescents adaptive coping and social skills (e.g., interactive problem-solving, help seeking, strategies for emotion-regulation) is vital to prevent the use of self-injury and the potential long-term psychiatric impairment associated with this behavior. Mental health care providers should also work with adolescents to improve their social support networks (56). In addition, services may need to be tailored to the specific challenges that adolescents face (e.g., school-based support services to address school-related problems) but should also include a comprehensive focus on potential stressors in other contexts of adolescent everyday life. Furthermore, for families of young adolescents, it may be important to counteract dynamics that foster self-criticism in the face of stress (50).




Limitations

Our study is not without limitations. First, it is not ideal to assess self-injury with one survey item only and a limited list of example behaviors, although the use of single-item measures is common in self-injury research (2). The exclusion of some male-typical self-injurious behaviors (e.g., punching a fist into a wall) may have led to underestimations of the associations between stressful life events and self-injury among males.

Second, our findings may not be generalizable to other school systems. The educational system of the canton of Zurich entails several major educational transitions during the adolescent period, which may offer adolescents opportunities to overcome certain prior disadvantages [e.g., children who were previously rejected by their peers in class could encounter new opportunities for building more positive relationships with their new classmates at a new school (43)]. However, these transitions can also impose additional stressors on young people at a time when they are particularly vulnerable (57, 58). Investigations of community-representative samples from other regions are needed to explore whether the age-specific patterns we observed can be replicated. However, adolescents in many other Western countries face similar major transitions (e.g., the transition to middle school and then high school in the United States) and educational pressures, which could explain why self-injury is a major problem in many of these countries (17).

Third, the list of stressful life events used in our study is reasonably comprehensive but, necessarily, selective. Therefore, we may have missed effects of other important events (e.g., violence by an intimate partner or family member). Including additional stressful events could also alter our conclusions with regard to sex differences (for example, in case that we missed events that increase stress levels more among males than females). Notwithstanding this limitation, we were able to show that, at least at some points across adolescence, events in each of the four contexts had unique associations with the risk of self-injury. Future analyses should consider the role of events that are bound to particular ages or life phases (e.g., major life-course transitions pending in early adulthood, such as labor market entry, parenthood, or marriage, or events involving intimate partner violence, which may become more prevalent in and after mid-adolescence when enduring partnerships become normative).

Fourth, although our prospective longitudinal study design and the timeline incorporated into the data collection processes strengthen inferences with respect to the direction of effects, we cannot draw ultimate conclusions with regard to causality. The attenuation of some associations between stressful events and self-injury in the models with autoregressive effects may indicate, in some cases, common underlying causes or reciprocal effects between particular events and self-injury (40). For example, experiences of loss and separation in a family and a child's self-injury in mid-adolescence could result from the same (earlier) family disruption (e.g., illness or conflicts and, as a consequence, increased stress levels and limited opportunities for learning more adaptive emotion regulation strategies). Ideally, future research would include both, adverse childhood experiences and acute stressful events in adolescence, to compare their relevance in the emergence of adolescent self-injury. With regard to the associations between self-injury and intimate relationship breakups, emotional instability could be a common cause, especially in a small subset of adolescents who are developing borderline personality disorder, which is often characterized by both frequent relationship instability and self-injury (59). Nevertheless, most associations remained significant in the analyses with auto-regressive effects, and we can be somewhat confident about the sequence of events (i.e., self-injury follows stressful events in different social contexts).

Fifth, assessing life events that occurred during the previous one to three years and self-injury during the previous month could, in some cases, mean that the time elapsed between an event and self-injury spans almost one, two, or three years. This long period may have deflated associations in our analyses.

Finally, it is possible that using the same data for multiple hypotheses testing may have caused alpha inflation. However, our major findings were typically significant at p < 0.005.




CONCLUSIONS

Adolescent self-injury is a complex phenomenon. Our findings suggest that various pathways could lead to overwhelming distress that triggers self-injury (3). This includes exposure to life events that are particularly detrimental (e.g., being the victim of violence committed by a peer) but also an accumulation of stressful life events that become unmanageable, irrespective of the context in which the events occur. Future research is needed on age- and sex-specific associations between self-injury and stressful events in different contexts of adolescent life, as well as the overall stress burden that young people face, to better understand when and why a stress-response will manifest itself in self-injury. Such research might also benefit from assessing biological stress levels to pinpoint who will engage in self-injury.
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Objective: Nonsuicidal self-injury (NSSI) is a prevalent and clinically significant behavior. There is a substantial association between adverse childhood experiences (ACEs) and NSSI. However, there are no studies investigating the impact of ACEs on NSSI treatment (psychotherapy) outcome. The aim of this secondary analysis of a randomized controlled trial (RCT) on psychotherapy of NSSI was to investigate the relationship between ACEs and treatment outcome in adolescents engaging in NSSI.

Method: A sample of 74 adolescent outpatients engaging in repetitive NSSI (incidents on ≥ 5 days within the last 6 months) was recruited for a RCT. ACEs were assessed by the Childhood Experience of Care and Abuse (CECA) interview before treatment onset. Based on the CECA, participants were divided in two groups: with a history of ACEs (n = 30) and without a history of ACEs (n = 44). Frequencies of NSSI, depression, and suicide attempts as well as quality of life were measured at three points in time: before treatment onset (baseline; T0), 4 (T1), and 10 months (T2) after treatment onset.

Results: Both participants with and without ACEs were able to reduce the frequency of NSSI significantly [χ2(1) = 26.72; p < 0.001]. Surprisingly, participants with ACEs reached a significantly greater reduction in NSSI frequency within the past 6 months compared to participants without ACEs [χ2(1) = 5.08; p = 0.024]. There were also substantial and similar improvements regarding depressive symptoms, suicide attempts and quality of life in both groups.

Conclusion: ACEs seem to positively predict treatment response in psychotherapy for adolescent NSSI. This is contrary to prior research suggesting ACE as an unfavorable prognostic factor in the treatment of mental disorders.

Clinical Trial Registration: Short term therapy in adolescents with self-destructive and risk-taking behaviors; http://www.drks.de; DRKS00003605.

Keywords: nonsuicidal self-injury, adverse childhood experiences, treatment outcome, adolescents, psychotherapy


INTRODUCTION

Nonsuicidal self-injury (NSSI) is defined “as the deliberate, self-inflicted damage of body tissue without suicidal intent and for purposes not socially or culturally sanctioned” (International Society for the Study of Self-Injury, ISSS). NSSI is categorized as an independent disorder in need of further study in the fifth edition of the Diagnostic and Statistical Manual of Mental Disorders (DSM-5) (1). It is a highly recurrent behavior and peaks in adolescence (2, 3). Approximately 17–18% of adolescents worldwide are affected (4, 5). The prevalence rate for repetitive NSSI using the criteria of the DSM-5 ranges between 1.5 and 6.7% in a recent community study (6). In clinical samples, NSSI is exhibited by 50–60% of adolescents (7). Although NSSI is associated with a variety of psychiatric disorders, including posttraumatic stress disorder (PTSD) (8) and borderline personality disorder (BPD), it also occurs without any comorbid diagnoses (9).

Nock (10) presented an etiology model to explain the development and maintenance of NSSI. Within the model, he postulates both distal risk factors like specific genetic predispositions for high cognitive and emotional reactivity as well as environmental factors such as childhood maltreatment and hostility/criticism within the familial context. These factors are suggested to result in poor emotion regulation and communication skills, which in turn increase the risk for NSSI (10). The postulated distal risk factors of childhood maltreatment and familial hostility can be summarized under the term “adverse childhood experiences” (ACEs). ACEs refer to distressing and/or traumatic events that occur during childhood, such as abuse, deprivation, and neglect (11). A systematic review consisting of 20 cross-sectional studies found a positive association between childhood maltreatment and NSSI (12). More broadly, ACEs have consistently been identified as significant predictors of NSSI among adolescents from the community (13–15). However, ACEs were also specifically predictive of NSSI within child and adolescent patient samples (7, 16–18).

Concerning different types of ACEs, experiences of neglectful or harsh parenting seem to play a most prominent role. Previous studies revealed highest associations for maternal antipathy and neglect (7). In line with these findings, a strong association of increased parental critique and apathy has been shown (19). However, it is important to note that longitudinal studies revealed reciprocal effects between NSSI and parenting, e.g., a significant impact of NSSI on parents' well-being and therefore on their ability to support their children (20, 21).

Another study found that only child emotional abuse remained significantly associated with NSSI, when different types of ACEs were analyzed simultaneously (18). Also, Brown et al. (22) found that especially emotional neglect and abuse seem to be important in the etiology of NSSI. A recent meta-analysis showed that childhood maltreatment, but in particular emotional abuse, was associated with NSSI (23). Nonetheless, and besides the importance of those experiences above, sexual abuse has been repeatedly shown to be associated with the development and onset of NSSI (7, 24–26).

Not all adolescents with NSSI report a history of ACEs. Previous studies revealed frequencies of 64% among samples of adolescent inpatients engaging in NSSI (7). Within community samples, 53.3% of adolescents with NSSI reported ACEs, most frequently emotional abuse (27). Interestingly, the presence of ACEs was significantly related to automatic functions of NSSI (e.g., affect regulation, anti-dissociative function, or self-punishment) within a study on adolescent inpatients with repetitive NSSI (7). In line with these findings, it was shown that adolescents with greater ACEs showed poorer self-regulation than adolescents without ACEs (28).

There are treatment options which are useful in the treatment of NSSI, like dialectical behavior therapy for adolescents [DBT-A (29, 30)] and mentalization-based treatment for adolescents [MBT-A (31)]. Recently, our working group evaluated a specific short-term program for adolescent NSSI, which shows to be as effective as treatment as usual in reducing NSSI as well as common comorbid symptomatology (32). However, in terms of a personalized medicine (33), no criteria exist—beyond the presence of NSSI—that may guide adequate decision making regarding which treatment is best for the individual patient. Considering the transdiagnostic character of NSSI (34), more specific indicators are needed to provide individuals with the best-fitting therapy to increase effectiveness. Therefore, studies investigating predictors of treatment outcome are warranted in order to facilitate personalized treatment in the future.

Literature postulates that ACEs have a negative impact on treatment outcome. One idea is that the presence of ACEs leads to more severe psychopathology, which in turn causes poorer prognosis concerning therapy outcomes. A study on depressed outpatients found that those with ACEs showed poorer therapy outcomes: patients with ACEs had a longer time to remission, and they needed a combination treatment of antidepressants and psychotherapy significantly more often compared to their counterparts without ACEs (35). Another idea is that ACEs cause attachment problems, which interfere with the therapeutic alliance (36). The therapeutic alliance is one of the common, unspecific curative factors in psychotherapy (37). Thus, this relationship could explain the poor therapy outcomes in patients with ACEs. Another finding is that ACEs cause severe comorbid psychopathology, which occurs at a later point in time (36). Therefore, there might be unfavorable therapy outcomes because of upcoming psychopathology.

In general, higher numbers of negative life events are associated not only with the onset of psychopathology but also with poorer outcomes and greater chances of relapse (38). A meta-analysis of 16 epidemiological studies suggested that ACEs were associated with an elevated risk of developing persistent and recurrent depressive episodes (39). A meta-analysis of 10 clinical trials revealed that ACEs were associated with lack of response or remission during treatment for depression. It was concluded that ACEs predict an unfavorable course of illness and treatment outcome in depression (39). A study with adult dysthymia patients showed similar results: at a 5-year follow-up, patients with experiences of sexual abuse and poor childhood maternal and paternal relationships showed a lower rate of recovery from dysthymic disorder and higher levels of depression compared to participants without ACEs (40). In a study investigating therapy response in substance use disorders, emotional abuse as well as witnessed assaults were negatively related to treatment outcome, whereas physical and sexual abuse were not predictive (41). Another study investigated predictors of therapy outcome in adult outpatient borderline personality disorder (BPD) patients (42). Childhood physical abuse was one of the significant factors that predicted dropout from treatment. Depressive disorders, BPD, and substance use disorders are often comorbid to NSSI, giving a hint that the same might be true for treatment outcomes in NSSI. However, there are no studies to date examining the impact of ACEs on treatment outcome in adolescents engaging in NSSI.

This secondary data analysis of a previously published (32) randomized controlled trial (RCT) on psychotherapy of adolescent NSSI aimed to investigate the impact of ACEs on treatment outcome, which was defined as a reduction in the frequency of NSSI, suicide attempts, a reduction of depressive symptoms, and an increase in quality of life over time. As primary hypothesis, we assumed that adolescents with ACEs would show poorer treatment outcomes regarding NSSI (reduction of NSSI frequencies within the past 6 months) compared to adolescents with no history of ACEs. As secondary hypothesis, we assumed that adolescents with ACEs would show poorer treatment outcomes regarding suicide attempts, depression, and quality of life compared to participants without a history of ACEs.



MATERIALS AND METHODS

The original RCT evaluated the efficacy of a new cognitive-behavioral short-term program for adolescent NSSI, the Cutting-Down Programme [CDP (43)], compared to a high-quality treatment as usual (TAU). The detailed protocol was registered at the German Clinical Trials Register (DRKS00003605; http://www.drks.de). In addition, study protocol (44) and the results of the original study (32) have been published elsewhere. The present study investigated the impact of ACEs on treatment outcome within this RCT. To test the mentioned hypotheses, a quasi-experimental study with a between-subject design with repeated measures was conducted.


Participants and Procedure

The study comprised a sample of 74 participants (mean age 14.9 years, SD = 1.2; 96.0% female) which were recruited through in- and outpatient units at the Clinic of Child and Adolescent Psychiatry at the University Hospital Heidelberg, Germany. Ethical approval was obtained from the institutional review board of the medical faculty at the University of Heidelberg (Ethics Committee No.: S-363/2011). The data analyzed were collected between February 2012 and 2017. Eligible participants were between 12 and 17 years old and were required to have engaged in NSSI on at least 5 days during the past 6 months (DSM-5 criterion A). The last incident of NSSI must not have dated back longer than 1 month. Exclusion criteria were as follows: acute psychotic symptoms; acute intent to harm self or others, which required an intensive psychiatric intervention; an impaired intellectual functioning; receiving current psychotherapeutic treatment. Subjects were included into the study only if both adolescents and caregivers had given their written consent. Before, they were informed about the purposes, content as well as risks, and benefits of the study by an information sheet.

Within the original study, participants were randomly assigned to receive on average 10 sessions of CDP or 19 sessions of treatment as usual (TAU). The CDP was delivered according to the manual by therapists in our specialized outpatient clinic (AtR!Sk), whereas TAU was standard care within the existing mental health care system requiring that TAU therapists agree to provide a first appointment and subsequent therapy within two to 4 weeks. TAU was either cognitive–behavioral therapy or depth psychology. Participants within both groups were able to receive general psychosocial management as well as pharmacological treatment, as needed. All study therapists received training in the CDP beforehand. Within the present study, participants were separated in two groups: participants with at least one ACE and participants with no history of ACEs.

Study participants were assessed at multiple time points: before treatment (T0) and four (T1) and 10 months (T2) after the beginning of the treatment. Participants received monetary compensation for participating in each assessment.



Assessment Measures
 
Assessment of ACEs

ACEs were assessed at T0 using the Childhood Experience of Care and Abuse (CECA) Interview (45), which is considered to be the gold standard criterion in this field of research. It is a semi-structured interview with an investigator-based approach to rating. Instead of the subject's feelings, behavioral indicators of perpetrators' actions are assessed. The core domains are as follows: parental antipathy, parental neglect, physical abuse, sexual abuse, and psychological abuse. The CECA Interview is a reliable measure both in adults and in adolescents. CECA interviewers receive extensive training before being allowed to use the instrument. Inter-rater reliability was satisfactory both in the English and in the German version (original version: κs = 0.62–1.00; German version: 0.68–1.00) (45, 46).



Assessor's Training

In the context of the present study, the clinical psychologist, who conducted the CECA interview, was intensively trained in assessing the interview beforehand.

Training consisted of different aspects:

1. Training manual: there was a training manual with detailed instructions and guidelines about the conduct of the CECA interview including many examples for practice.

2. Training: the clinical psychologist who assessed the CECA interviews was trained by Antonia Bifulco, who developed the CECA, within a two-day workshop comprising practical exercises and ratings.



Inter-rater Reliability

To check for inter-rater reliability, 20 (27.0%) audiotaped CECA interviews of the clinician assessing the CECA were assessed by an independent second rater blind for the first rater's scores. Inter-rater reliability was very good (κ = 0.84 for psychological abuse, κ = 0.89 for role reversal, κ = 0.89 for paternal antipathy, and κ = 1.00 for maternal antipathy and neglect, paternal neglect as well as physical and sexual abuse).



Outcome Measures

NSSI and suicide attempts were assessed with the German version of the Self-Injurious Thoughts and Behaviors Interview (SITBI-G) (47, 48) at T0, T1, and T2. Common comorbid mental disorders were assessed at T0 using the German version of the Mini-International Neuropsychiatric Interview for children and adolescents (M.I.N.I.-KID 6.0) (49) and parts of the Structured Clinical Interview for DSM-IV-Axis II (SKID-II) (50). Criteria of the following personality disorders were assessed: avoidant, dependent, borderline, and antisocial personality disorder.

In addition, the following self-report measures were used for study assessment at T0, T1, and T2: participants reported on depression symptoms using the German version of the Beck Depression Inventory II (BDI-II) (51). To assess subjective health and well-being at all three evaluations, participants filled out the KIDSCREEN-27 questionnaire (52). For further information on the assessment measures, see the detailed and published original study (32).




Statistical Analysis

Descriptive analyses were used to characterize the baseline study sample. Nominal data are presented as frequencies, while continuous data are presented as mean and standard deviation (SD). For variables with highly askew distribution, data are presented as medians and interquartile ranges.

The changes in NSSI over time were analyzed with mixed-effect negative binomial regression because of the overdispersion of rates. Changes in depressive symptoms, suicide attempts, and quality of life over time were analyzed with mixed-effect multilevel regression.

A mixed-effect negative binomial regression was calculated to investigate the impact of single forms of ACE on NSSI. Subsequently, a stepwise regression model was conducted in order to minimize the Bayes Information Criterion (BIC). Thus, single ACE forms with lower independent effects on NSSI were gradually taken out of the model. Pearson correlations were calculated to describe the inter-correlations of ACEs (see Supplementary Material). The analyses were performed with Stata (version 15; StataCorp LLC, College Station, TX, USA).




RESULTS


Prevalence of ACEs and Sociodemographic Characteristics

Based on the CECA interview, participants were separated in two groups: 30 patients (40.5%) reported at least one ACE. This compared with 44 participants (59.5%) with no history of ACEs (p = 0.108).

Antipathy was the most common form of ACEs (n = 28, 93.3%). Maternal antipathy (n = 17, 56.7%) was more common than paternal antipathy (n = 11, 36.7%) within the ACE group. The second leading form of ACEs was neglect (n = 16, 53.3%). Here, paternal neglect was more common (n = 11, 36.7%) than maternal neglect (n = 5, 16.7%). Detailed information on all ACE frequencies as well as baseline demographic and clinical characteristics regarding the two groups is shown in Table 1. There were no differences in the baseline demographic characteristics and diagnostic variables between the two groups. Table 2 includes all outcome variables at different time points. There was a marginal significant difference concerning NSSI within the past 6 months at T2 between the ACE and no-ACE group. The ACE group showed a marginal significant greater reduction in NSSI frequency X. Concerning depression and quality of life, there were no differences between the groups. Importantly, there was no difference between the ACE and no-ACE group concerning the use of interventions (number of sessions completed; p = 0.236).


Table 1. Sociodemographic and clinical characteristics of participants by ACEs at T0.

[image: Table 1]


Table 2. Treatment and clinical outcomes by ACEs.
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Adverse Childhood Experiences and NSSI

Regarding NSSI frequencies, both the participants with ACEs and participants without ACEs reached a significant reduction within the past 6 months over time [χ2(1) = 26.72; p < 0.001] with a marginal significant difference between the two groups in favor of the ACE group [χ2(1) = 3.70; p = 0.054; Table 2]. A significant point of measurement × ACE interaction [χ2(1) = 5.08; p = 0.024] regarding the frequency of NSSI within the past 6 months was found. Thus, participants with ACEs reached a greater reduction in the frequency of NSSI than participants without ACEs. The course of NSSI frequency is shown in Figure 1. We also investigated the impact of therapy group affiliation, since the participants received either a specific short-term therapy on NSSI or treatment as usual (32). No interaction with treatment group affiliation was found, indicating that the treatment received did not affect our results. Furthermore, we reanalyzed the data controlling for depression and BPD, which did not change the results. Thus, results without covariates are presented.


[image: Figure 1]
FIGURE 1. Course of NSSI frequencies (number of days) within the past 6 months by ACE over time.


To additionally investigate the impact of different types of ACEs on the course of NSSI, we performed a mixed-effect negative binomial regression. Only one form of ACEs, namely, paternal neglect, reached significance for reduction of NSSI frequency within the model [χ2(1) = 13.21; p < 0.001]. This variable also showed a significant point of time × paternal neglect interaction [χ2(1) = 4.50; p = 0.034]. However, performing a stepwise regression, no single form of ACEs remained within the model, suggesting that there is no specific type of ACE that was responsible for the overall effect in this study.



Adverse Childhood Experiences and Suicide Attempts

A significant reduction of suicide attempts could be reached by both groups [χ2(2) = 12.67; p = 0.002]. Again, there was no difference between the ACE and no-ACE group [χ2(1) = 3.21; p = 0.073] and no significant point of measurement × ACE interaction [χ2(1) = 2.95; p = 0.086].



Adverse Childhood Experiences and Depression

Both participants with or without ACEs reached a significant reduction concerning depressive symptoms [χ2(2) = 56.46; p < 0.001] without any difference between the two groups [χ2(1) = 0.00; p = 0.996; Table 2] and no significant point of measurement × ACE interaction [χ2(2) = 1.81; p = 0.404].



Adverse Childhood Experiences and Quality of Life

Concerning quality of life, both groups were able to improve this aspect significantly [χ2(2) = 44.62; p < 0.001]; however, there was no difference between the two groups [χ2(1) = 0.24; p = 0.628; Table 2]. Again, no significant point of measurement × ACE interaction was found [χ2(2) = 2.23; p = 0.328].




DISCUSSION

The purpose of this secondary analysis was to examine the impact of ACEs on therapy outcome within an RCT on adolescent NSSI. According to research, ACEs are a common risk factor for NSSI (10, 53–55). In the present study, 40.5% (n = 30) of participants reported a history of ACEs. This prevalence was somewhat smaller than those found in previous studies [64.0% (7), 79% (56)]. However, other studies assessed ACEs using questionnaires while the CECA interview was applied in the present study (45, 46), which thoroughly assesses behavioral indicators of care and abuse rather than not only the subject's feelings. This standardized and strict procedure might explain the lower prevalence of ACEs in the present study.

The most common forms of ACEs were antipathy, in particular maternal antipathy, and neglect, especially paternal neglect. These findings are in line with previous studies showing that antipathy, neglect, parental critique, apathy, and emotional abuse were highly associated with NSSI (7, 18, 19, 22, 23).

Contrary to our hypothesis and contrary to former research (38–41), there was a significant, positive association between ACEs and treatment outcome concerning NSSI frequency. Thus, ACEs were not an unfavorable factor concerning treatment outcome. In fact, the opposite finding emerged. Participants with a history of ACEs showed a greater reduction in NSSI frequency compared to participants without a history of ACEs. Furthermore, both groups reached a significant improvement in suicide attempts, depression, and quality of life with no differences between the two groups. Thus, the ACE group was not inferior to participants without a history of ACEs concerning any other treatment outcomes.

According to the etiology model of Nock (57), which considers the interaction between adverse environmental factors and genetic predisposition, it can be assumed that there might be a stronger impact of biological aspects on NSSI patients without a history of ACEs compared to those with a history of ACEs. Thus, the impact of psychotherapy on the biological vulnerability might be smaller than its impact on environmental factors. These considerations are in line with findings from Nemeroff et al. (58). Traumatized patients with depressive symptoms responded significantly better to a combination of cognitive behavior therapy and pharmacotherapy than to pharmacotherapy alone.

The focus of every treatment applied in the present study (CDP, CBT, etc.) is to learn emotion regulation strategies. These strategies have been reported to be underdeveloped in patients with ACEs compared to patients without ACEs (54). In accordance to these findings, Kaess et al. (7) showed that some forms of ACEs are associated with automatic functions of NSSI, like emotion regulation (59). Thus, there might be a stronger response to these interventions in patients with a history of ACEs.

Similar surprising findings were reported in another study examining BPD patients (60). Patients with less ACEs and a better mother–child relationship reported more suicide attempts than patients with a history of ACEs and a bad mother–child relationship. It was suggested that patients living under good circumstances showed greater hopelessness compared to their counterparts because of not performing well in spite of good living conditions. Another study investigating adolescents within a community sample found that those reporting NSSI experienced a significant increase in the quality of relationships with their fathers. This finding offers empirical support for the social positive reinforcement function of NSSI and might add information to the surprising findings (61).

Another reason might be heightened therapy motivation in patients with a history of ACEs. Therapy motivation was found to be an important factor for therapy success across different disorders (62, 63). Due to higher psychological strain, participants with ACEs might be more motivated than patients without ACEs. In addition, higher rates of hopelessness in participants without ACEs might decrease therapy motivation in these patients. A recent study in male youth (Mean age: 14.7, SD = 1.5) with ACEs living in a residential home found that adolescents with four or more ACEs showed higher rates of treatment engagement (64). In addition, Steinke and Derrick (64) found that patients with a history of abuse had higher levels of readiness to change at admission than those with no history of abuse. The same might be true in the present sample.

In addition, the concept of differential susceptibility extends the understanding that negative environments and ACEs exert negative effects, such as poor treatment outcomes, on children or adolescents presumed “environmentally vulnerable.” In fact, it reflects that heightened susceptibility to negative effects of ACEs and negative environments may also mean heightened susceptibility to positive and supportive environments (65). Thus, adolescents with a history of ACEs may benefit in particular from caring interactions such as psychotherapeutic interventions. This could explain the faster improvement concerning NSSI in adolescents with ACEs compared to adolescents without ACEs.

With these considerations in mind, it would be helpful to instruct parents to provide more caring interactions, as studies found that perceived family support appears to be an important safeguard against NSSI (66). As a clinical implication, existing treatment approaches should also focus on parents as paternal antipathy and emotional neglect seem to be crucial risk factors for NSSI. To meet this point, our working group started to develop a corresponding manual for parents to enrich the Cutting Down Program. Within DBT-A, participation of parents in group and individual therapy is already a fixed component, which seems to be relevant following existing findings.


Limitations

The study has several limitations. First, the limited sample size does not allow us to do meaningful differential analyses on type, severity, or chronicity of ACEs. Further research should focus on this point. Moreover, the sample consisted predominantly of female participants, which did not allow drawing conclusions on possible effects for males or gender differences. However, considering that female gender has been identified as a risk factor for NSSI, the presented sample depicts this finding (3, 67). Concerning the analyses of single ACE forms, it needs to be considered that the types of ACEs were not equally distributed, which might depict reality on the one hand but generated small subgroups which could have contributed to a lack of significant results on the other hand. Thus, also findings on paternal neglect should be interpreted as explorative, especially since no single ACE remained within the model after stepwise regression. Paternal neglect could be investigated in further studies in particular.

A particular strength of the present study is the participation ratio. There was no dropout from research. Furthermore, the CECA interview was used to assess ACEs. The CECA interview is recognized as the gold standard in this field of research with good reliability and validity (68). Many previous studies solely assessed subjects' feelings by using questionnaires. However, it should be taken into account that the potential risk of a recall bias may still have influenced the present findings.




CONCLUSION

With these reservations in mind, this study suggests that participants with ACEs showed similar, and in terms of NSSI even greater improvements during psychotherapeutic treatment compared to participants without a history of ACEs. Considering the essential association between ACEs and NSSI, the present findings possess valuable information for practitioners confronted with adolescents engaging in NSSI. In particular, in the context of a personalized medicine, the identification of specific predictors is crucial to increasing treatment effectiveness (33). In this case, adolescents with NSSI and a history of ACEs may be particularly susceptible to psychotherapeutic treatment and do not seem to represent a group of poorer treatment response as initially expected. In contrast, it may rather be those individuals engaging in NSSI despite no history of ACEs (and a potentially higher biological vulnerability) that may require different or additional treatment options. While further exploration of this relationship with larger samples is required, future research should also consider the impact of single forms of ACEs on treatment outcome.
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Suicide continues to be one of the greatest challenges faced by mental health clinicians and researchers, an issue made worse by increasing trends in the global suicide rate. Suicide behavior disorder (SBD) was introduced in DSM-5 as a disorder for further consideration and potential acceptance into the diagnostic system. There are numerous positive developments that would arise from the addition of a suicide-related diagnosis. Utilizing the 2009 guidelines established by Kendler and colleagues, the present review examines the evidence for SBD's validity and discusses the diagnosis' potential clinical benefits and limitations. Altogether, growing evidence indicates that SBD has preliminary validity and benefit. SBD presents with several significant limitations, however, and possible alternative additions to future DSMs are highlighted.
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SUICIDE IN DSM-5: CURRENT EVIDENCE FOR THE PROPOSED SUICIDE BEHAVIOR DISORDER AND OTHER POSSIBLE IMPROVEMENTS

Suicide is one of the most pressing public health concerns facing modern society, with more than 40,000 people dying by suicide each year in the United States (1), and emerging chronological trends suggest that suicide rates are increasing both within the United States (2) and globally (3). Prevention efforts have proven difficult to develop, possibly because no one risk factor predicts suicide with high accuracy (4). Even suicidal ideation and mental illness, the most commonly cited risk factors, do not always or exclusively predict suicidal behavior (5). Recently, various articles have been written to emphasize the importance of suicide risk assessment in improving suicide prevention (6, 7). One possible way to improve suicide assessment is to include suicidal behavior more thoroughly in universal classification systems of mental disorders.

Accordingly, in recognition of suicide's importance as a psychiatric complication, the fifth edition of the Diagnostic and statistical manual of mental disorders [DSM-5; (8)] took a major step in suggesting Suicidal Behavior Disorder (SBD) as a “condition for further study.” This proposal means that SBD might be included in a later edition, pending further research. In the DSM-5 and earlier versions of the manual, suicide is conceptualized primarily as a specific symptom of Major Depressive Disorder (MDD) and Borderline Personality Disorder (BPD), or as a possible negative consequence of other psychiatric diagnoses (8). In addition to research, critical discussion is needed to determine whether SBD is a valid and clinically useful diagnosis to embrace. Fortunately, the APA has devised specific recommendations that guide DSM diagnostic changes, additions, and removals (9). Here, we review these guidelines and evaluate the extent to which SBD meets these guidelines based on existing research on suicide. Furthermore, we argue that in its present form, DSM-5 does a disservice to the field in the way it includes (and doesn't include) suicide, and we discuss ways in which the next DSM could be improved regardless of SBD's presence.



PROPOSAL OF A NEW SUICIDE DIAGNOSIS

SBD is one of eight conditions for further study that was included in Section III of the DSM-5. Along with the other proposed disorders, SBD criteria were determined by seasoned experts on the DSM-5 Task Force and Work Groups by comprehensively examining the research literature and discussing the criteria with the field and general public (8). As proposed currently, a diagnosis of SBD would require an individual to meet all five of five of the following diagnostic criteria:

A. Within the last 24 months, the individual has made a suicide attempt.

B. The act does not meet criteria for non-suicidal self-injury (NSSI).

C. The diagnosis is not applied to suicidal ideation or to preparatory acts.

D. The act was not initiated during a state of delirium or confusion.

E. The act was not undertaken solely for a political or religious objective.

The proposed diagnosis includes two specifiers: “current” (not more than 12 months since the most recent attempt) and “in early remission” (12–24 months since the most recent attempt). The criteria also explicitly define “suicide attempt” as “a self-initiated sequence of behaviors by an individual who, at the time of initiation, expected that the set of actions would lead to his or her own death” [(8), p. 801]. This definition emphasizes the importance of intent when defining suicidal behavior while also recognizing the dilemma that individuals' ratings of suicidal intent do not always match the absolute or understood lethality of their methods of attempted suicide (10). The diagnosis of SBD is also explicitly differentiated from another condition for further study, “Non-suicidal Self-Injury.” These criteria provide a helpful start for the investigation of such a disorder, but criteria could and should be refined with additional research into the construct.


Guidelines for SBD Evaluation

The DSM task forces evaluated SBD using the same “Guidelines for Making Changes to DSM-V,” which were used to evaluate all DSM-5 diagnoses (9). Encompassing and elaborating upon the recommendations of Robins and Guze (11) for the establishment of diagnostic validity, these guidelines provide information for how the DSM-5 work groups should make decisions about diagnosis validity and clinical utility. Throughout this discussion we will use these guidelines to highlight potential support of or concerns with inclusion of SBD in a future DSM.

First, the guidelines provide the validator categories by which a disorder's research should be evaluated. Kendler et al. divide this list into three over-arching categories: antecedent validators (i.e., familial aggregation and/or co-aggregation, socio-demographic and cultural factors, environmental risk factors, and prior psychiatric history), concurrent validators (i.e., cognitive, emotional, temperament, and personality correlates; biological markers; and patterns of comorbidity), and predictive validators (i.e., diagnostic stability, course of illness, and response to treatment). They designated several validator sub-categories as high priority: familial aggregation and/or co-aggregation, diagnostic stability, course of illness, and response to treatment. They pronounced that any new diagnosis should have a substantial amount of research supporting the disorder across the validator categories, with research particularly focused in the high priority validator categories and with at least some research of high methodological quality. While limited research has been performed on SBD specifically, research on suicide attempts and suicide in general is extensive and can be applied to our understanding of SBD.

Second, Kendler et al. (9) provided additional concerns about clinical utility for including new diagnoses (as compared to changing previously existing diagnoses). They identified five considerations: a need for the category, relationship to other DSM diagnoses, potential harm, available treatments, and meeting criteria for a mental diagnosis. They also stressed the importance of diagnosis reliability. Through these and other considerations, they argued that any addition to the DSM requires a comprehensive explication of the advantages and disadvantages of a proposed diagnosis. While researchers had previously argued that the inclusion of a suicide disorder in the DSM would be valid and useful [e.g., (12–14)], few articles have examined the validity and utility of SBD criteria since the release of the DSM-5. Using the guidelines set by Kendler et al., we ultimately intend to argue that SBD largely fits the criteria for inclusion as a DSM diagnosis, though there are related alternative diagnoses or improvements to the DSM that should be considered beyond SBD due to the potential limitations of SBD as it is currently proposed.




DIAGNOSTIC VALIDITY OF SBD


Antecedent Validator: Familial Aggregation and Co-aggregation

The first-listed antecedent validator for a suicide diagnosis, familial aggregation and co-aggregation, is a high-priority validator category that refers to the extent that genetics influences a disorder as determined by evidence from family, twin, or adoption studies. Literature reviews support the notion that suicide clusters in families and is genetically influenced (15–17). There are a number of studies revealing aggregation of suicide in families (18). Two of which, notably, examined large national death registries in different countries (19, 20), and found family history of suicide to be a significant predictor of suicide. In one of these studies (20), familial suicide rates were twice as high in individuals who died by suicide as compared to individuals who died by other causes. Twin studies of various methodologies have sustained the genetic influence over suicide, finding that monozygotic twins have higher rates of suicide attempt and completed suicide concordance than dizygotic twins (17, 18). Importantly, family and twin studies have found that the familial transmission of suicidal behavior goes above and beyond transmission of risk for psychiatric illness in general (20–23). Ultimately, heritability of suicidal behavior ranges between 38 and 55% (18), and between 17 and 36% when controlling for other psychiatric illness (24). These heritability rates are similar to other already-validated disorders in the DSM-5 [e.g., MDD's heritability rate is reported as ~40% (8)].

Even though there is clear relevance of genetic vulnerabilities for suicide, it can be challenging to disentangle these risks from shared family environment risks. For example, suicide appears to have a contagion effect, such that individuals sometime seem more likely to engage in suicidal behavior after becoming aware of others' suicidal behavior (25). While it might be expected that familial influence over suicide could be related to imitation rather than genetics, research challenges this notion. First, in research examining the role of suicide imitation in families, there is no significant temporal relationship between suicidal behaviors in relatives (18). Second, a number of adoption studies have found a strong role of genetics for suicidal behavior (16, 18), eliminating the possibility of familial imitation. While heritability of suicide is certainly affected by the heritability of psychiatric illness (26) and other heritable traits [e.g., impulsivity (24)], the overall literature suggests a familial aggregation of suicidal behavior distinct from familial imitation and inheritance of psychiatric illness.



Antecedent Validator: Environmental Risk Factors

The literature also reveals the importance of epigenetics and a variety of environmental factors on risk for suicide, and SBD is also supported by clear environmental precipitants to behavior. Research in this area has been extensive, and there are a variety of both long-term and short-term risk factors. One of the most significant long-term risk factors for suicidal behavior is early life adversity. Suicidal behavior is associated with childhood emotional neglect or physical abuse, parental death or illness, and childhood sexual molestation or rape (24, 27, 28). Furthermore, there appears to be a dose-response effect, with greater amounts of stressful events leading to greater amounts of risk of suicide (29). Another strong environmental risk factor for suicide is access to lethal means. Growing evidence suggests that, in the United States, states with stricter firearm ownership (e.g., background checks or mandatory waiting periods) demonstrate lower suicide rates and trajectories than states with fewer restrictions (30, 31). Other significant, proximal risk factors include social stressors, including but not limited to facing legal difficulties, being fired from a job, ending of intimate relationships, or being exposed to others' suicidal behaviors (25, 27, 28, 32). Relatedly, there are a number of environmental protective factors for suicidal behavior, including social support and a relationship with a therapist (33). While research suggests that environmental risk factors can change across the lifespan [e.g., with bullying being a particular risk factor in children and adolescents (34)] or differ between sub-groups of people [e.g., with discrimination being a particular risk factor in sexual and gender minorities (35)], the environment undoubtedly impacts risk of suicide attempts.



Antecedent Validator: Socio-Demographic and Cultural Factors

Beyond environmental risk factors, several socio-demographic, and cultural risk factors for suicide have been identified. Most significantly, suicide risk varies by gender, age, ethnicity, and sexual orientation. Men die by suicide much more frequently than women (28, 32, 36), although women seem to engage in more non-fatal suicidal behaviors (37–39). Transgender individuals (regardless of gender identity) seem to be at particularly increased risk of suicidal behavior, with up to 43% of transgender people reporting lifetime suicide attempts (40). Across genders, most suicides occur between the age of 35 and 44, and suicidal behaviors are very rare before puberty (28). More recent data suggest that risk for suicide could be increasing more rapidly in younger adult cohorts (41). Age-related risks of suicide also seem to differ across ethnicity, with African-Americans and Latino-American more likely to die by suicide when they are younger as compared to White Americans (42, 43). African-Americans, as well as Asian Americans and Native Americans, have lower overall rates of suicide as compared to White Americans (32, 36), although some evidence suggests African-Americans might be more likely to die by suicide at their first attempt (44). Notably, the gender-identity-gap lessens in certain ethnicity groups, with some female racial minorities (e.g., Native American female adolescents) being at greater risk than their male counterparts (32). Finally, sexual minorities (e.g. those who identify as lesbian, gay, bisexual, queer, or non-heterosexual in some way) have significantly elevated risk of suicidal behaviors across the lifespan (45, 46).

In addition to suicide risk being different between certain demographic groups, there are unique cultural risk factors in certain groups. These cultural-specific risk factors include acculturation, collectivism vs. individualism, religion/spirituality, different manifestations or interpretations of stress, and underutilization of mental health services (32). Culture also seems to influence what other risk factors predict suicide most strongly, with social stressors predicting suicide more strongly than mental illness in East Asia as compared to Western countries (47). While there is growing evidence that suicide risk differs substantially between cultural groups, more research is needed to elucidate these variations (48).



Antecedent Validator: Prior Psychiatric History

The fourth and final antecedent validator category is prior psychiatric history. Psychopathology is highly associated with suicide risk (12, 24, 28, 32), and ~80% of American suicide attempters had temporally prior diagnosed psychiatric illnesses (49). Specifically, suicidal behaviors have been associated with depression (49–51), anxiety disorders (12, 24, 49, 52), substance use (49, 50), bipolar disorder (28, 50), eating disorders (53), schizophrenia (54, 55), and personality disorders (56, 57). Childhood impulsivity, state-like agitation and anxiety, and lifetime difficulties with aggression (in the form of conduct or antisocial disorders) are also related to suicidal behaviors (27, 49, 50, 58). The DSM-5 discusses suicide risk in the context of many psychiatric disorders, and the literature suggests that prior psychiatric history is paramount in determining suicide risk.



Concurrent Validator: Cognitive, Emotion, Temperament, and Personality Correlates

In an attempt to understand suicidal behavior and increase clinicians' ability to predict it, a vast amount of research has focused on concurrent psychological correlates of suicidal behavior. Hopelessness and pessimism for the future have been extensively associated with suicidal thoughts and behavior even when controlling for depression (27). Rumination, a cognitive process in which people repetitively focus on negative feelings and problems, is linked to suicidal thoughts and attempts (59). People who attempt suicide suffer from certain cognitive limitations, including decreased problem-solving skills (60), decreased verbal fluency (61), and decreased ability to recall autobiographical memories (62). Suicide attempters also show elevated attention to (and interference by) suicide-related stimuli on stroop tasks (63), as well as significant implicit associations between self-concepts and death-related words and imagery on Implicit Association Tests (64).

Beyond cognitive validators, suicide is related to various emotional, temperamental, and personality factors. The use of suppression as an emotion regulation strategy is associated with suicidal behaviors and may mediate the relationship between emotional reactivity and suicidal behavior (65, 66). Impulsivity and aggressiveness seem related to suicide (27, 32, 58). Additionally, perfectionism, neuroticism, introversion, and other personality facets have been connected to suicidal behavior (67–69). More research is needed to further substantiate whether these cognitive and personality factors are predictive of suicidal attempts, but it is clear that there are a number of psychological correlates of suicidal behavior.



Concurrent Validator: Biological Markers

Research in the area of the second concurrent validator, biological markers, is in its relative infancy but is very promising. While more research is needed to confirm potential biomarkers, evidence suggests that many neurobiological systems are related to suicide, most notably the stress response system and the serotonergic system (24, 28, 70–74). For example, a hyperactive stress response, as revealed via a dexamethasone suppression test, has been found to be related to suicide attempts (75–77) and may even be predictive of future suicide attempts (78, 79). Furthermore, suicidal behaviors are associated with low serotonin and serotonin metabolites in spinal fluid and blood (80, 81). Low levels of 5-hydroxyindole acetic acid, the primary metabolite of serotonin, may be another potential predictive biomarker for suicide attempts (75). Finally, there are a number of possible genetic markers of suicidal behavior (16). Primarily, there certainly are biological correlates to suicidal behavior, but more research is needed to understand how exactly these biological systems and biological markers could aid clinicians in the identification and treatment of suicidal patients.



Concurrent Validator: Patterns of Comorbidity

Most of the relevant research to the final concurrent validator, patterns of comorbidity, overlaps with the antecedent validator of prior psychiatric history. As described above, suicidal behavior can occur in the context of many psychiatric disorders, although certain disorders have particularly strong relationships with suicidal behaviors. MDD and BPD, for example, include suicidality as a part of their diagnosis criteria, partly because these disorders so often occur co-morbidly with suicidal ideation and suicidal behavior. Impulsivity (which is often experienced in BPD or substance use disorders) and agitation (which is often experienced in disorders like Post-Traumatic Stress Disorder) have also been uniquely correlated with suicidal behavior (49, 50). Therefore, there are certain disorders that likely would occur comorbidly with SBD more often than other disorders, although research on SBD would be needed to confirm this assumption.



Predictive Validator: Diagnostic Stability

The first of the predictive validator categories, a high-priority category, is diagnostic stability. Diagnostic instability may be related to the evolution of an illness, emergence of new information, or measurement unreliability [(82), as cited in (83)]. At face level, it would be expected that SBD would have very high diagnostic stability within a certain time period, given that the diagnosis criteria are written to dichotomously capture the presence of a single behavior in the past 2 years. After that 2-years time period, however, the person abruptly would no longer meet criteria for SBD if they have not had any further suicide attempts. Additionally, consistent identification of the disorder would require reliability of its assessment. Therefore, when considering SBD as a potential diagnosis, its diagnostic stability should be evaluated by the reliability of assessment of suicidal behavior and by suicide behavior's relative persistence over time.


Reliability of Diagnosis

Reliability is an issue related to diagnostic stability that likely contributed to SBD's exclusion as a valid disorder in the DSM-5. Kendler et al. (9) explicitly recognize reliability as being important when considering new diagnoses and that they “would not expect to support the addition of new diagnostic entities in DSM-V [sic] without some evidence that they are [at least moderately] reliable” (p. 7).

The field of suicidology is plagued by inconsistent nomenclature, and the validation of structured interviews of suicidal behavior is still developing. Nevertheless, proper assessments of suicidal behavior and suicide risk exist. For example, the Columbia—Suicide Severity Rating Scale (C-SSRS) shows promise as a valid and reliable in-person (84–86) or computer-automated (87) assessment of overall suicide risk by assessing suicidal ideation, planning, intent, and actions (84). Another measure, the Self-Injurious Thoughts and Behaviors Interview (SITBI), has been used fairly extensively as a valid and reliable measure of non-suicidal and suicidal self-injurious features (88). Since the publishing of DSM-5, Fischer et al. (89) operationalized the SITBI items into the criteria for SBD. They found that their version of the SITBI had moderate to good test-retest reliability for current SBD (κ = 0.52) as well as perfect interrater reliability for SBD. Therefore, it appears that SBD could have sufficient reliability as a diagnosis.

Past measures, however, largely have been validated to assess and determine both suicidal behaviors and thoughts or overall suicide risk, rather than suicidal behavior exclusively. Even the Fischer and colleague's SITBI assessment of SBD involved simultaneously assessing for NSSI and the proposed NSSI Disorder. This ability to differentially diagnose NSSI and suicidal behaviors might be paramount in ensuring the reliability of a given assessment. When research examines assessment of suicidal behavior specifically, reliability is problematic. People who are asked about suicide attempt history using one-item assessments commonly used in research (e.g., “Have you ever attempted suicide?”) often respond inaccurately (90, 91). In one study, 984 US military service members at risk of suicide were asked about their history of suicide attempts using five previously validated measures (including the C-SSRS), and 35% of participants inconsistently responded across measures (92). This inconsistency is concerning, particularly in the context of SBD's criteria as they are currently written (i.e., with an exclusive focus on suicidal behavior). Given the poor reliability of suicide behavior assessment demonstrated in previous literature, large-scale replication of Fischer et al.' study is warranted in order to solidify the reliability of assessments of SBD specifically.



Suicidal Behavior Persistence

While there is no data available yet about how stable a diagnosis of SBD is across time, we can extrapolate the stability of SBD from the data on the persistence of suicidal behavior. Research has demonstrated consistently that the absolute strongest predictor of future suicide attempt is a past suicide attempt (93). Accordingly, studies have found anywhere from 18.9% ((94)) to 88% (95) of people who attempt suicide will attempt again. Rates of re-attempt appear to differ by age, gender, psychiatric diagnosis, and severity of first suicide attempt method (94–97), but more research is needed in this area to confirm patterns. Notably, the 2-years window in SBD's diagnostic criteria is supported by this area of research, with numerous studies suggesting that risk for re-attempt is highest within the 2 years after a suicide attempt (95, 98–100). Some research suggests that risk for re-attempt is highest within the 1st year after an attempt (94, 96, 101), or immediately upon discharge from psychiatric hospitalization (102). One recent study found that 23% of people who presented to an emergency room for a suicide attempt re-presented for a subsequent suicide attempt within 90 days (103). Despite the particularly increased risk immediately following an attempt, increased risk for repeated attempts persists for decades. In one study, about two-thirds of suicide deaths of people who had previously attempted occurred at least 15 years after the first noted suicide attempt (104).

It should be noted that determining the persistence of suicidal behavior is partly hindered by the fact that the majority of people who die by suicide die during their first attempt. In one large study using the National Violent Death Reporting System, 79% of the identified 73,490 people who died by suicide from 2005 to 2013 died on their first suicide attempt (44). Similarly, in a longitudinal study of 813 community youth aged 10 to 24, 29 participants (3.9%) died by suicide and accounted for 90% of the deaths in the sample. Of these, 20 participants (71%) died at their first attempt (105). Of course, many people who attempt suicide do not make additional attempts, and therefore the diagnosis of SBD may not be stable across many years. Research on the diagnostic stability of SBD specifically is needed. A lack of long-term diagnostic stability of SBD might not reflect lack of validity of the diagnosis per se, but rather the time-limited and dichotomous nature of its diagnostic criteria requirements. Further, a lack of diagnostic stability could be acceptable given past debate about the value of diagnostic stability as a validity determinant (83). Kendler et al. (9) list diagnostic stability as high-priority, however. Therefore, based on the current literature, and given the reliability concerns for suicidal behavior assessment, diagnostic stability is the validator for which SBD's evidence is currently most weak.




Predictive Validator: Course of Illness

The predictive validator of “course of illness” arguably has limited applicability to SBD in its current proposed form, given the inherent time constraints of the diagnostic criteria. Again, despite the lack of research on SBD's course of illness, applicable information can be gleaned from general research on suicide.

As already mentioned, suicide attempts predict later suicide attempts, and this risk varies predictably based on frequency and time. The number of times a person has attempted suicide is positively correlated with future suicide attempts, with repeated attempters having up to double the risk of future attempts as compared to people who have attempted only once (55, 106). Conversely, as highlighted previously, amount of time since attempt negatively correlates with risk of future suicide attempt. An individual's risk of re-attempting suicide is highest immediately following an attempt or following discharge from an attempt-related hospitalization (55, 107, 108), and particularly increased risk continues up to 2 years (95, 98). In one study, while risk was highest immediately after an attempt, the vast majority (82%) of suicide attempts who went on to die by suicide did so within a year of their first suicide attempt (93). The “current” specifier of SBD is grounded in and validated by this evidence.

Despite the particularly heightened risk immediately after an attempt, suicide attempt risk continues for much longer. Numerous longitudinal studies reveal that suicide attempts accumulate over time, and that risk for repeated suicide attempt continues for many years and even decades after index attempts (55, 99, 109–111). Therefore, the risk for suicide attempt continues regardless of time after one suicide attempt. The course of illness of SBD would likely mirror this pattern.

The DSM-5's current description for SBD's course of illness states, “there is significant variability in terms of frequency, method, and lethality of attempts” (p. 802). While this claim is true, course variability is seen in other DSM disorders (e.g., depression, psychosis) and would not be unique to SBD. Further, while attempted suicide can look incredibly different between different people, there is some data to suggest that suicidal individuals might use methods of similar type and lethality across multiple attempts (99, 112), implying at least some intra-person consistency of course of illness of suicide attempts. More research is needed to fully describe the course of illness of SBD specifically, and perhaps specifiers related to method, lethality, or number of previous attempts should be considered and examined.



Predictive Validator: Response to Treatment

The final predictive and final high-priority validator is “response to treatment.” There are several reviews of suicide literature that suggest suicidal behaviors can be reduced with various treatments and prevention measures (24, 28). Both medications [e.g., clozapine and lithium (113, 114)] and talk therapies [e.g., Dialectical Behavior Therapy (115, 116) and Cognitive Behavioral Therapy (117)] have been found to decrease suicidal behaviors in certain populations. In deeply depressed, acutely suicidal individuals, electroconvulsive therapy reduces subsequent suicidal behaviors (118). Noteworthy here is that many treatments targeting depression specifically do not impact suicidal thoughts and behaviors (119), suggesting some specificity in response to treatment for SBD. Finally, research suggests that suicide attempters are less likely to later die by suicide if upon discharge they are scheduled to have follow-up attention or treatment after hospitalization (93, 103, 120), suggesting that future suicide attempts could be prevented if treatment were scheduled or given to individuals immediately after being diagnosed with SBD.



Review of Validators

Kendler et al. (9) suggested that any new DSM diagnosis should have substantial and consistent support across a variety of validators, and most importantly should have evidence in areas concerning familial aggregation, diagnostic stability, course of illness, and response to treatment. Previous research reveals that suicide attempts (and therefore SBD diagnoses) most definitely aggregate in families (as determined via family, twin, and adoption studies), have a specific course of illness (with risk of future suicide attempt being most intense immediately after one attempt but persisting over the lifespan), and have responsiveness to treatment (with several medical and psychosocial treatment options). The literature also supports other validators, including cultural factors, environmental risk factors, past psychiatric history and comorbidity patterns, concurrent correlates, and biological markers. While research demonstrates some possible diagnostic stability (in the form of continued risk for suicide after initial suicide attempt), there are significant, possible concerns related to reliability of SBD's assessment. Nonetheless, considering there is preliminary research on SBD assessment reliability that has surfaced since the DSM-5's publishing (89), we argue that SBD demonstrates substantial diagnostic validity based on the current literature on suicide attempts, although further research is needed to solidify its validity. The greatest issues with SBD, reliability-related and otherwise, concern its clinical utility.




CLINICAL UTILITY OF SBD CONSIDERATIONS

Kendler et al. (9) stipulated that, beyond demonstrating empirical validity, any new DSM diagnosis should have clinical utility illustrated through comprehensive debate of the diagnosis' benefits and potential costs in five areas. Some have argued elsewhere that SBD would provide significant clinical utility [e.g., (121)], while others have highlighted several significant limitations or concerns [e.g., (122)]. We present below further evidence and arguments related to the five clinical considerations: need for the category, relationship to other diagnoses, potential harm, available treatments, and meeting criteria for a mental diagnosis.


Consideration 1: Need for the Category

The first consideration to contemplate when debating the inclusion of a new diagnosis into the DSM is the need for the category, or the extent to which a new diagnosis would help clinicians be more aware of and treat a distinct group of people who may not be served under current diagnoses. Arguably, a new diagnosis is not needed if it does not improve patient care. We maintain that SBD offers considerable benefit. A large proportion (24–66%) of individuals who die by suicide are in contact with a mental health provider within the year before their death (107, 123, 124), and approximately half of individuals who die by suicide have previously self-harmed [(125), as cited by (126)]. While it is still unclear if and how these deaths by suicide could be prevented by contact with mental healthcare, research is unequivocal about the fact that healthcare providers are habitually under-trained in suicide risk assessment (127, 128).

While there has been an increase in required suicide risk assessment in hospital systems and healthcare clinics in the past decade, lack of confidence in suicide risk assessment training persists in healthcare workers, including clinical psychology graduate students (129), nurses (130), and medical residents (131). This under-training likely negatively influences clinical care. Even in systems that explicitly emphasize the necessity of suicide risk assessment, clinicians ask about self-harm inconsistently across patients (132). When clinicians do assess self-harm, they may ask questions in ways that decrease the likelihood of honest answers [e.g., with negativity bias; (133)]. Similarly, clinicians who report receiving comprehensive training in suicide risk assessment may still routinely miss key questions in risk assessment [i.e., not asking about multiple previous attempts, or not asking about lethal means used in previous attempts; (134)]. These problems could be addressed with improved training, and others have argued how clinician training would be greatly improved by the development of guidelines on how to deliver and assess trainings on suicide risk assessment (135). Clearer guidelines, in turn, would be easier to implement with an agreed-upon definition and assessment of suicidal behavior, such as one that could be provided by SBD.

SBD's presence also could inherently increase the amount of time spent assessing suicide in clinical intakes. Currently, as mentioned previously, suicide is included in the DSM only as a symptom of MDD and BPD. In many current semi-structured assessments, if a client denies experiencing major difficulties with depressed mood and anhedonia, the clinician likely would not ask the remaining MDD questions (including questions about suicidal ideation); and if the client does not report intense emotion dysregulation or interpersonal difficulties, the clinician may not assess BPD (including questions about self-harm). In these cases, it is possible that the assessor would ask no questions about suicidality. Even if MDD is present and suicidal ideation is assessed, clinicians may not ask about suicidal behaviors. Therefore, in some cases, suicide risk determination may be incorrect due to lack of assessment of suicidal behavior, and certain individuals who are at risk for attempted suicide may be entirely missed.

Of course, based on previous training or specific clinic guidelines, some clinicians may include suicide assessment outside of the DSM diagnoses of MDD and BPD. Without accepted guidelines or standardized measurements, however, assessments differ greatly between clinicians. Many current measures of suicidality include single items about suicide, or use terminology without defining it, causing the very real possibility of client misinterpretation of what the clinician is asking (90, 136). There is also the possibility that, without standardized measures, clinicians ask about suicidal behaviors in ways that are pejorative (137) or in ways that discourage certain people (e.g., ethnic minorities) from accurately reporting (48). Furthermore, clinicians often disagree about what types of behavior to include in “suicide attempt” vs. “non-suicidal self-injury,” “aborted attempt,” and “interrupted attempt.” These separate concepts have differential impact on suicidal risk (50), and confusion about their distinctions can have negative impacts on clinical care (90, 138). SBD's inclusion would help to create standardized nomenclature, which would improve both assessment of suicide risk and communication of risk between treatment providers (120, 137). In order to fully address this clinical need, however, the DSM might also need to provide a suggested, validated measure of SBD, rather than just the diagnostic criteria. We discuss this idea, including validated suicide risk assessment in the DSM, more fully below.

Beyond assessment, SBD as a specific diagnosis could improve outcomes, given the particularly increased risk of re-attempt in the immediate after-math of an attempt. For example, hospital systems could use the diagnosis of SBD in electronic medical records to flag significantly at-risk patients to then receive heightened follow-up attention or specific treatment referrals. Initial research demonstrates actions like these might be useful in preventing subsequent suicide attempts (103, 139–141). Finally, SBD's creation of consistent suicide terminology would positively impact clinical work via research. If clinical assessments of attempted suicide were more precise and universal, studies of attempted suicide in turn could become more precise and larger-scale, which in turn would allow more accurate findings about risk factors for attempted suicide and identify more features for clinical targets (90, 142).

Overall, the DSM can have immense impacts on research, clinical care, and public health (143). The inclusion of SBD would implicitly communicate the importance of suicide assessment. It would provide large logistical advantages to research by creating an accepted nomenclature and by increasing the amount that suicide attempts are captured in health records. It would benefit clinical care by increasing clinician awareness, improving inter-clinician communication about suicide behavior history, and increasing the likelihood that clients with past (and potential future) suicide attempts would be recognized and treated appropriately.



Consideration 2: Relationship With Other DSM Diagnoses

In the second consideration, Kendler et al. (9) emphasize the importance that any new diagnosis should be sufficiently distinct from other DSM diagnoses. While no research to our knowledge has examined SBD's comorbidity with other disorders, some arguments about SBD's separateness as a diagnosis can still be made. One study examining the diagnostic profiles of suicide attempters upon hospital discharge, for example, found that suicidal behavior most frequently occurred within alcohol use disorder (34% of the sample), depression (16%), and schizophrenia (10%), with depression being the diagnosis most common in those who re-attempted within 30 days of discharge [32%; (144)]. In accordance with this finding, suicidal behavior has been connected most to MDD and BPD in their etiology, risk factors, and patterns of comorbidity. While research shows strong relationships between suicide and these disorders, it also suggests important distinctness. Evidence suggests that while depression predicts suicidal ideation, it does not predict suicidal behavior (49), and the majority of depressed people do not engage in suicidal behaviors (145, 146). Moreover, treatments targeting depression specifically do not necessarily decrease suicidal behaviors (119), and depression and suicide attempts may even have distinct neurobiological influences (147). Similarly, not all individuals with BPD report suicidal behaviors (148, 149), and many individuals who attempt suicide do not suffer from either MDD or BPD (121, 150). While MDD and BPD do correlate with suicide attempts, this relationship can disappear when controlling for previous suicide attempts (151).

Beyond MDD and BPD, suicide attempts also occur in the context of schizophrenia, substance use disorders, anxiety disorders, eating disorders, and other personality disorders (144). SBD's likely common comorbidity with other disorders would be no different than the high rates of comorbidity elsewhere in the DSM. For example, BPD heavily co-occurs with mood disorders [76%; (152)], substance use disorders (73%), and other personality disorders [74%; (153)]. Similarly, anxiety disorders co-occur with depressive disorders up to 80% in certain samples (154). These types of patterns expand across diagnoses, with 79% of psychiatric disorders occurring with some lifetime psychiatric comorbidity (155), and more than half of people diagnosed with psychiatric disorders in the past 12 months having more than one disorder (156). Of course, more research on SBD specifically, rather than on suicidal behavior, is needed to confirm the assumption that SBD's rates of comorbidity would mirror those of other diagnoses. Regardless, it's important to note that SBD would provide unique diagnostic information, given that SBD's symptomatology overlaps exclusively with BPD, the only diagnosis to include criteria about suicidal behavior specifically.

Not all individuals struggling with psychopathology engage in suicidal behavior, and, more importantly, not every person who attempts suicide struggles with psychopathology (121) or has previously diagnosed psychiatric disorders (44, 49). In one decades-long study of medical records at a large Minnesota hospital, 41% of community youth who died by suicide had no mental health diagnosis prior to their first attempt (105). In another study of 273 psychiatric patients hospitalized for suicide attempt in France, 4% of participants did not meet diagnostic criteria for any disorder according to MINI interview at time of hospitalization (98). These findings mirror decades of psychological autopsy studies that have found that, while the large majority of people who die by suicide have a mental disorder of some sort, there remain a proportion of suicide decedents who do not (157). Of course, much of this research is hindered by retrospective, self-report, or posthumous data. Some have argued that these findings might be due to methodological flaws or clinical errors, and that suicide only occurs within mental health disorders and issues (158, 159). Others, however, continue to assert that suicide happens outside of mental illness, particularly in response to intense social stressors or particularly in non-Western countries (47, 160–162). In accordance with those arguments and existing evidence, SBD would best be considered a distinct disorder, in spite of its potential comorbidity with other DSM disorders.



Consideration 3: Potential Harm

Perhaps the most controversial consideration for SBD is the consideration of potential harm to affected individuals or to broader society that the inclusion of a new disorder could create. Others have argued that the inclusion of SBD could potentially over-medicalize a symptom (163). There's a general recognition that psychiatry is increasingly turning public health problems (e.g., suicide, internet gambling addictions, substance use) into disorders in a way that may over-simplify very complex human behaviors. Medicalizing a behavior like suicide could arguably increase the likelihood that a behavior like homicide would be medicalized, which certainly could have negative consequences in the legal system and society as a whole. While it is of course important to consider the impact SBD's inclusion could have on the inclusion of other “problem behaviors” as disorders, these potential disorders (e.g., a disorder for homicide) would and should be evaluated separately from SBD, and therefore should not be large considerations in SBD's evaluation. Furthermore, SBD would not be the first disorder to “medicalize” behaviors, and medicalization does not seem to be a particular concern to the DSM. Similarly, SBD would not be the first disorder in the DSM based on the presence of behavior, rather than the “syndrome” model and collection of co-occurring symptoms typical of most disorders. Encopresis has been included in multiple DSM versions, for example, and the DSM-5 includes disorders for binge-eating and fire-setting (8). Evidence that supports the notion that over-medicalization and over-diagnosis of behaviors is harmful remains limited (164).

Of course, there is the possibility patients could be over-pathologized or stigmatized for “an expression of distress” (p. 857) in the form of self-injury, if SBD (and NSSI Disorder) are included in a future DSM (163). This concern is very important. Receiving a diagnosis of SBD could very well limit a patient's options in providers, as many healthcare clinicians are uncomfortable working with suicidal clients. Yet, this limitation of clinicians might also ensure clients are only referred to programs or clinicians most competent to help them, as often occurs with patients diagnosed with BPD and substance abuse disorders (which are also stigmatized). Receiving a diagnosis of SBD might also stigmatize a person who is otherwise “mentally healthy.” As previously discussed, some individuals who attempt suicide might not meet criteria for any other mental health diagnosis. Indeed, some people who attempt suicide might do so within the context of psychic distress caused by extreme social stressors (e.g., job loss, chronic bullying, or racial victimization). Yet, while a traumatized person's distress and desire to attempt suicide could be understandable, turning to suicidal behavior in distress should be clinically considered separately and often should be considered to be problematic (as we will argue further below). Notably, SBD does not pathologize thinking about suicide. A suicide-attempt-related diagnosis like SBD might increase the ability for healthcare systems to provide important treatment and support to a marginalized person in intense distress after they have attempted, by focusing the diagnosis on the problem behavior of suicide without further medicalizing or stigmatizing the person's understandable emotional reaction to extreme life circumstances. Finally, as previously highlighted, SBD inclusion might increase population levels of clinician training in (and therefore comfort with) suicide behavior assessment and treatment, which would benefit all people presenting to healthcare systems with suicidal behavior. Generally, we believe the inclusion of SBD as a diagnosis would improve awareness and management of suicide risk, as argued above, in a way that out-weighs most potentials for harm that have been most commonly identified and argued in the literature thus far.

In our view, the largest problem of SBD's potential harm relates to its singular focus on suicidal behavior, the reliability of suicide behavior assessment, and the complexity of suicide risk determination. Assessments that exclusively assess suicide behavior, or assess suicidal symptoms using one-item measures, are more likely to be answered inaccurately or inconsistently (90). While previous suicide attempts are the strongest predictor of a future suicide attempt (4), the most accurate suicide risk assessment involves assessment of a variety of components beyond past behavior. SBD's inclusion might increase clinician assessment of suicide behavior in their patients, but SBD's focus on history of suicidal behavior could lead to clinician over-reliance on past suicidal behavior information in their risk assessments. It could also lead to under-identifying people who are at risk for suicide despite having no history of attempts. To be most clinically useful with less chance of harm, therefore, SBD could explicitly include other suicide-related criteria, such as history of suicide preparation behaviors, history of aborted suicidal attempts, and/or current or recent suicidal intent or ideation. These types of changes would make SBD represent more of a “syndrome” of suicidal behaviors, rather than relying on a dichotomous variable focused on one specific type of behavior. If SBD would be most clinically useful with diagnostic changes, and SBD without these changes could cause harm, however, then the proposed diagnosis of SBD should arguably not be included as it is currently written in DSM-5.



Consideration 4: Available Treatments

The fourth consideration suggested by Kendler et al. (9) is “available treatments.” It could be argued that the inclusion of a new diagnosis would be harmful or at least useless if there were no treatments that could reliably and effectively treat the new disorder. We have already described above in the “response to treatment” validator section that there are a number of treatments and prevention methods that seem to impact and decrease suicide attempts and self-injury in general (24, 28). Therefore, SBD should be evaluated in a positive light when scrutinizing this fourth consideration for clinical utility.



Consideration 5: Meets Criteria for a Mental Diagnosis

It is important that any new diagnosis meets the general criteria for a mental diagnosis and does not pathologize a normal variation of normal behavior. While Kendler et al. (9) recognize that there is no official definition for mental diagnosis, they reference the definition provided by Stein et al. (165) as a useful one to consider when evaluating potential diagnoses. First, a mental disorder must be “a behavioral or psychological syndrome or pattern that occurs in an individual” that causes “clinically significant distress (e.g., a painful symptom) or disability (i.e., impairment in one or more important areas of functioning)” [(9), p. 6]. Even though suicide does not always co-occur with diagnosed psychopathology, as noted above, many have argued that suicide is always associated with distress and mental health difficulties that could be considered “sub-threshold” for mental health disorders and therefore noteworthy [e.g., (159)]. Suicide attempts often immediately follow (and perhaps are “triggered by”) life stressors, such as interpersonal conflict, legal problems, debilitating physical illness, or loss of employment (44, 161). Importantly, most people face these types of stressors without engaging in self-harm, even though many people also experience thoughts about suicide in the context of intense emotions; there is an additional level of psychic pain or other symptoms needed for stressful events to lead to suicide. The literature sustains that it is very rare that a person attempts suicide outside of experiencing some “clinically significant distress,” even if that distress is understandable given an individual's current circumstances. Furthermore, suicidal behavior could be argued to inherently be a “disability” as defined above, given suicide's direct negative influence on a person's ability to function by leading to death or injury. Therefore, we argue that SBD meets this feature of mental diagnosis.

Second, Stein and colleagues state that a disorder “must not be merely an expectable and culturally sanctioned response to a particular event” (p. 6). While self-injury and purposeful death or “rational suicide” have accepted places in certain cultures, in certain forms, at certain times (166), suicide is condemned in most cultures. One current area of conflict related to this issue is physician-assisted death or suicide within the context of terminal illness or certain lifelong disability (e.g. as with dementia). This area of debate has grown over the past decade as more US states and countries across the world begin to adopt physician-assisted death laws. The various arguments for and against physician-assisted death, particularly for psychiatric disorders, have been provided elsewhere [e.g., (167, 168)] and are beyond the scope of this review. Based on this literature, however, medical illness “exemptions” from meeting SBD diagnosis should be considered in any included version of SBD in future DSM revisions.

Third, the disorder should “[reflect] an underlying psychobiological disturbance” (p. 6). As reviewed above, suicide attempts (and therefore SBD) are associated with a variety of psychological problems and biological dysfunctions, and represent a particularly elevated, clinically notable, and arguably problematic level of psychic distress or mental health disturbance. Fourth, the disorder must “not solely [be] a result of social deviance or conflicts with society” (p. 6). While some individuals might attempt suicide in an effort to communicate disagreement or distress with society, this motivation is only one of many that may inspire individuals to hurt themselves. Fifth, the disorder should have “diagnostic validity using one or more sets of diagnostic validators” and should have “clinical utility (e.g., contributes to better conceptualization of diagnoses or to better assessment and treatment)” (p. 6). It has been argued extensively here that SBD mostly meets these features for mental disorder.



Review of Clinical Utility Considerations

The inclusion of SBD overall would improve research and clinical care by creating a universal terminology for attempted suicide, and improve treatment for suicidal patients by increasing the likelihood that they are appropriately identified and served in healthcare settings. Yet, SBD's exclusive focus on suicidal behavior could lead to a reliability problem, with an over-reliance on behavior in suicide risk assessment, and to under-identifying at-risk patients. Based on its overall clinical utility and its support in all of Kendler et al.' (9) validators, SBD could be a valid and useful clinical diagnosis to consider in the next DSM, pending further validation of its specific diagnostic criteria and its potential assessment measures. It would be most valid and useful, however, if the proposed disorder were edited to include other suicidal behaviors or related factors.




GENERAL RECOMMENDATIONS AND POSSIBLE ALTERNATIVES FOR SUICIDE ASSESSMENT IN DSM

As one of the primary diagnostic systems used by clinicians in the field of mental health, we contend that the current DSM does a disservice to the field by not providing proper tools for suicide risk assessment. Regardless of whether or not SBD in its current form is included in a future DSM, the DSM-5 could be altered in a number of ways that would address the above-discussed issues related to the assessment, treatment, and prevention of suicide.


Inclusion of Other Suicide-Related Disorders

While only SBD was included as a proposed disorder in the DSM-5, several other suicide-related disorders have been proposed in the literature. Obegi (122) has argued for SBD to be totally reformulated. They suggested three criteria to be considered: (1) presence of suicidal ideation/intent in the past 2 weeks (which could be demonstrated by suicidal behavior, among other symptoms), (2) presence of other suicide-related symptoms (i.e., psychological distress, hopelessness, over-arousal, rigid beliefs about suicide, and readiness to die by suicide) in the past 2 weeks, and (3) exclusion of suicidal thoughts and behaviors sanctioned by society/culture. They also proposed possible subtypes and specifiers that are based in literature on suicide risk research, including specifiers for multiple past suicide attempts or a past-month attempt. This alternative SBD proposal addresses many of the limitations addressed in this paper, while also aligning more with the field's move to prevention-focused lens [i.e., the “Zero Suicide” Model; (6)]. SBD, as it currently is proposed in the DSM, captures only those people who have already attempted suicide, not aiding in the prevention of the many deaths of people who die during their first suicide attempt.

Also in line with the field's move to suicide prevention, two other “presuicidal” disorders have been proposed: Acute Suicidal Affective Disturbance (ASAD) and Suicide Crisis Syndrome (SCS). While they include different symptoms, these two disorders both emphasize diagnostic criteria that might help clinicians identify patients who are most imminently at risk for suicide at time of clinical contact. ASAD criteria include four primary features: a drastic, acute increase in suicidal intent, marked social alienation or self-alienation, hopelessness, and over-arousal (i.e., insomnia, irritability, or agitation). Initial research demonstrates ASAD's validity, reliability, and utility (150, 169). SCS includes five primary components: entrapment, affective disturbance, loss of cognitive control, hyperarousal, and social withdrawal. SCS also has promising initial research supporting it (170, 171). Beyond their ability to catch at-risk patients without suicide histories, these disorders would also provide assessments of suicide risk that could change in real-time with the quick changes in mental state that often accompany suicidal behavior. Inclusion of ASAD or SCS into the DSM, pending further research, would provide many and more of the clinical benefits of SBD without some of the above-mentioned limitations.



Creation of an Additional “Axis” or Suicide Risk Assessment Protocol

Before the release of DSM-5 and the elimination of the five axes, some researchers argued for inclusion of a “sixth axis” specific to suicide risk (12–14). Although an additional axis no longer is appropriate with the removal of the prior DSM-IV axis system, a final way to improve the DSM and its coverage of suicide would be to include a standardized suicide risk level assessment into its pages. This inclusion could fit into the increasingly common suggestion that the DSM move into more transdiagnostic dimensional measures of syndromes (172) by providing a way for clinicians to rate their clients on a dimensional scale of suicide risk. Similar to the inclusion of SBD, the DSM's inclusion of a general dimensional measure of suicide risk would increase recognition of currently under-served populations by making suicide assessment more customary for all clients, not just those with MDD and BPD. This measurement could be created in a hierarchical way, such that clinicians could determine overall suicide risk level by evaluating their clients' self-report of self-injurious thoughts and behaviors of different risk levels (173). For example, as past attempted suicides are so predictive of future suicide attempts, a client's self-report past attempted suicide would inherently place that client at higher risk than past or current suicidal ideation would. Models of these types of graded suicide risk assessments are available in the literature [i.e., (174, 175)].

Even if the next DSM task force and work groups believe creating an entirely new “axis” or comprehensive scale of suicide risk is unnecessary or problematic, there are ways that the DSM can and should be improved. Currently, the DSM-5 includes one question about suicidal ideation in the “Level 1 Cross-Cutting Symptoms Measure for Adults” included in Section III (8). The question asks clients to rate on a scale of “0 – None – None at all” to “4 – Severe – Nearly every day” “how often have [they] been bothered by” “thoughts of actually hurting [themselves]” in the past 2 weeks [(8), p. 738]. Beyond being a potentially confusing question—for example, what if a person has had thoughts about killing themselves but has not “been bothered” by these thoughts?—this measure item suffers from the same problems with validity and reliability from which other one-item measures of suicide risk suffer (90, 136). Furthermore, several items on the Level 1 measure lead to other specifically recommended questions if a client indicates presence of symptoms. For example, if a patient reports experiencing any level greater than “none” for the question related to “feeling down, depressed, or hopeless,” the DSM-5 advises that the clinician can use the Level 2 Cross-Cutting Symptom Measure of Depression available online from the APA. The Level 1 suicidal ideation item, however, has no relevant “Level 2” measure to which clinicians can move. Clinicians are consequently left to continue a suicide risk assessment without guidance from the DSM, potentially leading to the many problems discussed throughout this review.

Future iterations of the DSM should, at a minimum, emphasize the importance of including assessment of suicide risk in every clinical intake and diagnostic evaluation. They also should provide more guidance on other questions that might be relevant for clinicians to consider asking if their client selects a “1” or above on the Level 1 suicidal ideation measure. Previously validated measures, such as the SITBI and the C-SSRS, could be considered. Other empirical guidelines suggest that any suicide risk assessment included in a future DSM should consider including: presence of current or recent suicidal ideation, presence of current or recent suicidal intent, presence of current or recent suicidal plans, presence of current or past non-suicidal self-injury, and presence of past attempted suicides; frequency of past non-suicidal self-injury and suicide attempts; and intensity of current or recent suicidal ideation, intent, or planning (14, 33, 138, 142). Additionally, it could aid suicide risk determination to assess a client's confidence in one's ability to make an attempt, current level of hopelessness, current social isolation, and family history of suicide (14). Any of these additional changes to suicide assessment in the next DSM would greatly improve clinical care by improving suicide risk assessment and therefore improving treatment of suicidal clients.




CONCLUSIONS

The National Action Alliance for Suicide Prevention (176) claimed that one of the most important steps toward reducing the societal burden of suicide would be to increase the number of people with skills for suicide risk assessment. Certainly, the inclusion of SBD would help reach this goal. While more research is necessary to solidify the evidence for its validators, SBD has a large amount of evidence supporting its diagnostic validity through the current literature on recurrent suicidal behavior. Due to the great importance of suicide as a public health concern and to the relative lack of suicide risk assessment knowledge in our field, SBD also provides clinical utility and benefit. The inclusion of SBD would increase the likelihood that clinicians assess suicide risk beyond the suicidal ideation criterion in MDD and the self-harm criterion in BPD. Furthermore, the inclusion of SBD would provide a universal language that could be used between researchers, mental health clinicians, and general healthcare providers. There are significant limitations to the SBD diagnosis as currently proposed, however. Most notably, it may lack sufficient reliability, and it has the potential to over-pathologize certain individuals who attempt suicide within extremely stressful situations (e.g., terminal illness), and therefore presents some potential for harm. SBD also offers no ability to capture people at risk for attempting suicide for the first time, a recent focus in the field of suicidology. Adding other proposed suicide-related disorders (i.e., ASAD and SCS) or other forms of suicide risk assessment to the DSM would help to meet the public health need, while addressing the limitations of SBD. Overall, more research is needed to confirm the validity, reliability, clinical utility, and ethical soundness of SBD or any of the alternative additions introduced in this manuscript. Any suicide-related addition to the DSM, however, would improve the field by aiding clinicians in making the best decisions for their clients and ensuring clients at risk for suicide receive appropriate treatment.
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Introduction: Studies have shown that exposure to potentially traumatic events (PTEs) during the migration process has serious consequences on mental health. Migrants with a history of PTEs are more likely to inflict deliberate self-harm (DSH), a spectrum of behavior that includes non-suicidal self-injury (NSSI). With reference to a nonclinical sample of trauma-exposed migrants, this study aims to explore the prevalence of DSH and to assess the association with sociodemographic characteristics and clinical conditions, with particular attention to post-traumatic stress disorder (PTSD) symptoms, resilience capabilities, and feelings of hopelessness.

Methods: A sample of migrants underwent a baseline evaluation at an outpatient department of the National Institute for Health, Migration and Poverty (INMP). Migrants with a history of torture, rape, or other severe forms of psychological, physical, or sexual violence were invited to undergo screening at the Institute's Mental Health Unit. Trauma-exposed migrants completed a series of self-report questionnaires that assessed the presence of PTSD, depression, anxiety, suicidal ideation, resilience, and feelings of hopelessness, in addition to DSH. Univariate and multivariate log-binomial regression models were used to test the association of age and clinical characteristic of migrants with DSH. Prevalence ratio (PR) with 95% confidence intervals (95% CI) and p-values were estimated.

Results: A total of 169 migrants (76.9% males), aged between 18 and 68 years, M = 28.93; SD = 8.77), were selected. Of the sample, 26.6% were frequently engaging in some form of DSH, and 30.2% were diagnosed with at least one trauma-related disorder. DSH behaviors were most common in single and unemployed migrants as well as in subjects with post-traumatic stress symptoms, feelings of anxiety, hopelessness, low capability of resilience, and suicidal ideation. Taking into account age and hopelessness, we found that PTSD and low resilience capabilities were associated with a higher risk of DSH [PR adj: 2.21; 95% CI: (1.30–3.75) and PR adj: 2.32; 95% CI: (1.16–4.62), respectively].

Conclusion: Given the association between trauma exposure and DSH among migrants, exploring the presence of DSH behavior within the immigrant community is crucial for the implementation of measures to develop intervention in a clinical setting.

Keywords: migration trauma exposure, deliberate self-harm behavior, post-traumatic stress (PTS), resilience, non-suicidal self-injury (NSSI)


INTRODUCTION

Deliberate self-harm (DSH) refers to the intentional direct (e.g., destruction of one's own body tissue without suicidal intent) and indirect damage to an individual's body (e.g., severe substance abuse, overdosing, or ingestion of sharp implements), including suicidal behavior (1). Common forms of DSH (2) result in an alteration or damage to body tissue and can refer to multiple methods (3), including skin cutting, burning, scratching, banging or hitting of body parts, and interfering with wound healing (4, 5).

Self-harm is related to psychiatric and personality disorders (6–8) and is particularly widespread, especially in new social and relational contexts, like virtual environments (8).

Self-harm is the most important risk factor for suicide (9) irrespective of the extent, the type, or the motive behind the suicidal intent and therefore may also include suicidal ideation (SUI) (10). SUI is widely acknowledged to be a major risk factor for suicide and seems to be particularly prevalent among first- and second-generation migrants (11).

There are data that show also the association between self-harm and suicide attempt (SA) (12–14). Literature has shown that patients with suicidal intent constitute a more severe group, and self-injuring patients with SUI differ from patients who have not attempted suicide, in terms of greater severity of psychopathology in the former (15).

Non-suicidal self-injury (NSSI), which was proposed as a new diagnosis in the Diagnostic and Statistical Manual of Mental Disorders in 2013 (5th ed.) (16), is a prevalent behavioral problem associated nevertheless with poor outcomes and reduced life expectancy (17). Both NSSI and SA are distinct behavioral phenomena that often co-occur within individuals and form a continuum of self-damage that can be related to suicidal behavior (18, 19). Specifically, more recent findings (20) have shown that NSSI increases the risk of transitioning from suicide ideation to a SA.

Some studies have suggested that trauma-related symptoms may play an important role in the development and maintenance of self-harm. As underlined by Ford and Gomez (21), a large body of studies have highlighted the mediating effect of trauma on acts of self-harm. Recently, Sami and Hallaq (22) documented that self-harm is frequently a sequela of prolonged exposure to emotional and physical violence, and post-traumatic stress disorder (PTSD) increases the risk of engaging in self-injurious behaviors (SIBs). Given the important mechanistic role of trauma symptomatology in SIB [e.g., (23)], considering in addition the functional role of SIB in a person's ability to cope with trauma, self-injury has been considered as an effective yet maladaptive strategy to alter one's internal feelings and to alleviate, manage, or eliminate negative emotions and feelings of tension (24).

There has been a long-standing interest in the relationship between the exposure to potentially traumatic events (PTEs) and SIB among migrants [e.g., (1, 25, 26)]. The condition of migration is a potential risk factor for engaging in self-harming behaviors (27), especially among minors (28), by virtue of their higher vulnerability to different pre-migratory, migratory, and post-migratory stress factors, which increase the risk of mental health (29). Ethnic and racial variations in the rates of self-harm have been observed worldwide, with higher prevalence reported among Asian British males and Black females (30). Individuals who have higher levels of ethnic identity and sense of belonging would be less likely to engage in NSSI (31), while migrants with a complex PTSD, exposed to multiple and chronic trauma, especially in interpersonal contexts have been found to present with more severe anger, aggression, and self-harm (26). Among ethnic minorities, self-harm represents one of the most important predictor factors for suicide behaviors (32). The high prevalence of self-harm and suicidal behavior among migrants may therefore be considered as a consequence of the traumatogenic nature of stressful events that can occur in the migrant's country of origin, as well as in their host country (33). Fleeing from warfare and persecution may be considered as a series of traumatic events that can occur pre-, peri-, and post-migration and that may differ in their intensity and duration (34). The variation in rates of post-traumatic psychopathology is related to a variety of factors, specifically to the nature and the intensity of the cumulative PTEs that migrants experience. Studies have shown the effect of “systemic trauma” (23) faced by immigrant populations, which is related to experiences of violence, loss, oppression, and displacement (21). However, very few studies investigated the ethnic and cultural meanings and functions of self-harm in voluntary or forced migrants, in particular taking into account the specifics of displacement and the complex characteristics of trauma in the context of asylum seekers.

The development of intervention to reduce the psychological burden of migrants would be aided by a better understanding of what affects PTSD. In particular, in this study, we took into consideration the construct of hopelessness that has received growing attention in the fields of SIB. Hopelessness can be defined as a trans-diagnostic psychological construct, characterized by rigid and persistently negative expectations about the future and a helplessness to challenge such thoughts (35). It is a phenomenon that it is still understudied in migrant populations. Recent findings (36) suggest that potentially hopelessness can develop into a worsening decline of mental health that can lead to increased self-harm and suicide.

Another key issue, typically related to the migration process and regarded as a “protective” factor, is resilience (37). Resilience is the ability to positively cope with adverse situations and to maintain positive outcomes in the complex interplay between risk and vulnerability factors (38–40). Emerging data suggest that migration research could benefit from the use of a strengths-based approach, including the resilience construct, for a more thorough understanding of migrant experiences (41, 42). Indeed, it has been argued that resilience represents an essential element of epidemiological and prevention research, which aims to promote wellbeing and improve mental health in migrants (43). This is due to the impact that resilience has on how migrants adapt to the migration process and the acculturation experiences in their host countries (44, 45).

Depression and anxiety are psychiatric disorders frequently observed in general populations and are reported to be highly prevalent among migrants, both voluntary migrants and asylum seekers (46). In particular, first-generation migrants reported considerably more depression, generalized anxiety, and panic attacks in the past 4 weeks and SUI than did second-generation migrants (11). Regarding asylum seekers, significant differences in depression and anxiety scores on psychometric instruments among migrants with a history of detention vs. those without were observed (47).

Moreover, a wide range of determinants, connected to migrant's application for asylum, such as uncertainty regarding the outcome, slowness of the procedures, and social isolation, can increase anxiety and depression, representing trigger factors for self-harm (8).

Gaining a better evaluation of self-injury behavior (NSSI and SA), which has been demonstrated to have an association with PTSD [e.g., (48)], is a necessary step in helping healthcare providers to identify and intervene and thus reduce the psychological burden of trauma-exposed migrants. Research on the presence of DSH, related or not to SA, in vulnerable groups such as migrants is required and necessary in order to formulate preventative measures in clinical and treatment settings.

The current study aims to explore the frequency of DSH and document the prevalence of PTSD, depression, and anxiety in a nonclinical convenience subgroup of trauma-affected migrants. It also aims to evaluate the effect of PTSD, resilience capabilities, and feeling of hopelessness on DSH. We hypothesized that PTSD would be associated with an engagement in DSH, while low resilience and feelings of hopelessness would likely act as negative factors that interfere with the adaptation process.



METHODS


Participants

This study involved PTE-exposed migrants who were selected from consecutive admission to the National Institute for Health, Migration and Poverty (INMP) Ambulatory Care Unit between 2017 and 2018. The research was approved by the institutional review board (IRB) of the National Institutes of Health (Prot. PRE/17). Following admission to the Ambulatory Care Unit of INMP, migrants with a history of torture, rape, or other severe forms of psychological, physical, or sexual violence were approached for participation. Migrants were invited to undergo screening at the Mental Health Unit of INMP, which led to clinical–diagnostic assessments. Migrants involved in the study signed a form consenting to their inclusion in clinical research and received information about voluntary participation, confidentiality, and protection of personal data. All participants were also informed about mental health services and counseling activities, which they could access if need be. Current psychiatric diagnoses were established using clinical interviewing procedures similar to the Structured Clinical Interview for DSM-5 disorders (SCID-5-CV) (49) conducted by trained and supervised clinical research assistants. The screening interview was divided into multiple modules covering background information like demographic characteristics, lifestyle and behavior, trauma history, lifetime history of mental health, and family history of mental disorders. Participants also completed a series of self-report questionnaires, including those described in the Measurements section of this paper, which were randomly ordered to mitigate for order effects.



Measurements

Migrants completed a self-report questionnaire that assessed exposure to adverse experiences relating to the migration process and/or a trauma history. Furthermore, the presence of the following was ascertained: PTSD, depression and anxiety, resilience, and feelings of hopelessness, DSH, SA and SUI. The research protocol was built ad hoc with the aim of gathering relevant information about the migrants' clinical features. After clinical assessment, the participants were asked to complete the following self-administered questionnaires and scales.


Measure of Potentially Traumatic Events

To obtain information about the type of PTEs that had occurred during an individual's lifetime, and/or during the migration process, we used the Harvard Trauma Questionnaire (HTQ) (50). Section Introduction of the HTQ is a checklist with 17 items developed as a cross-culturally valid instrument to measure the kind and variety of PTEs. Examples of items are lack of food and water, loss of a loved one, rape, torture, brainwashing, imprisonment, and combat situations. As in a previous study (51), the reporting format was modified, removing the options “witnessed” and “heard about.” The response format allowed participants to indicate when the event had happened; and time periods were coded as in infancy/pre-migration (I/PM) and/or adulthood/during migration (A/DM).



Deliberate Self-Harm Inventory

The six-item questionnaire (52) was a modified and shortened version of the Deliberate Self-Harm Inventory (DSHI) (5) that assesses lifetime history of self-harm behavior using a 4-point Likert scale (never; one to two times; three to four times; and five or more times). This inventory is based on the definition of DSH (5) as a direct destruction or alteration of body tissue, without conscious suicidal intent. DSHI measures lifetime presence and frequency of the following self-injury behaviors: self-cutting, self-burning, self-punching, self-scratching, self-carving, self-biting, and self-banging (head and/or other body parts), as well as preventing wounds from healing and skin damage by other methods. In this study, consistent with past studies (52), four indicators of DSH were created. First, in relation to the “history of DSH,” a score of “1” was given to participants who reported a history of DSH behavior. This binary variable was created to indicate a positive screening result for DSH and to identify migrants who may need targeted interventions. For the second variable, “frequency of DSH,” a score of “1” was given to participants who reported having engaged in DSH behavior three or more times (frequent DSH), while a score of “0” was given to participants who reported engaging in DSH behavior twice or less (infrequent DSH). In relation to DSH methods, in line with past studies [e.g., (52)], the third variable DSH-type behavior was defined as a “cutting type” or “non-cutting type”: the “cutting type” consisted of behaviors related to the first, second, third, and fourth items in the DSHI (e.g., “ever intentionally cut wrist, arms, or other area(s) of body, or stuck sharp objects into skin such as needles, pins, staples”), while other forms of DSH were classified as the “non-cutting type” (e.g., “ever intentionally banged your head or punched yourself to the extent that you caused a bruise to appear”). Finally, the variables relating to the participants who reported having harmed themselves so severely as to have warranted hospitalization (“hospitalization” = 1 vs. “no hospitalization” = 0) were dichotomized.



Measure of Self-Destructive Behaviors

To determine a lifetime history and/or recent episodes of other self-destructive behaviors, such as SAs and substance use, respondents were asked to report both their lifetime and past year use of drugs (marijuana, cocaine, heroin, inhalants, methamphetamine, and hallucinogens), alcohol, and episodes of attempted suicide, and/or a family history of attempted suicide and/or suicide. Participants responded to each question with a “yes” (=1) or “no” (=0), and answers were classified according to whether or not they reported substance use behaviors, SAs, and/or a family history of SAs. In the case of positive responses related to previous SA(s), to ensure that the answers to (“Have you tried to take your own life?”) were correctly understood, clinicians explained to participants that questions are aimed to assess behavior related to the goal of taking one's own life. Positive answers were identified as emergency cases and referred to a psychiatrist for further evaluation and targeted interventions.



Beck Scale for Suicidal Ideation

This is a 19-item scale that assesses a person's current intensity of thoughts, behaviors, and plans to commit suicide (53). A self-reporting version of the scale was introduced by Beck et al. (54). Each item consists of three alternatives that describe different intensities of SUI, which are rated on a 3-point scale from 0 to 2. Participants are instructed to choose the particular statement of each group that is most applicable to them. Total scores are calculated by summing the 19 ratings and can range from 0 to 38, with higher values indicating a greater risk of suicide. Beck and Steer (55) do not distinguish between different degrees of suicidal risk. In line with previous studies (56), very low total scores can be associated with an elevated risk of suicide, and we used the scores ≥2 of the screening part (items 1–5) to identify participants with SUI (SUI = 1 vs. NO SUI = 0). Migrants with positive answers on the Beck Scale for Suicidal Ideation (BSSI) were referred to the medical staff of INMP for further evaluation.



Posttraumatic Stress Disorder Checklist for DSM-5

This is a self-report measure that assesses the 20 DSM-5 symptoms of PTSD in the updated version of the PTSD Checklist (PCL). The PCL-5 (57) contains 20 items rated on a 5-point Likert-type scale (available online at: www.ptsd.va.gov), with scores ranging from “not at all” (0) to “extremely” (4), resulting in a symptom severity score ranging from 0 to 80. Factor analysis identified four factors related to the DSM-5 model of PTSD; and they included re-experiencing (RE), hyperarousal (HY), avoidance (AV), and negative feelings (NF), with a three-dimensional factor solution related to the DSM-5 definition. DSM-5 symptom cluster severity scores can be obtained by summing the scores for the items within a given cluster (cluster B = from 1 to 5; cluster C = 6 and 7; cluster D = from 8 to 14; cluster E = from 15 to 20). According to Lang et al. (58), in this study, an overall cutoff score of 33 (≥) was used to indicate the presence of post-traumatic stress symptoms.



Zung Self-Rating Depression Scale

This is a self-administered 20-item survey (59) that is used in a variety of settings as a screening tool, covering the common affective, psychological, and somatic characteristics of depression. Each question is framed in terms of positive and negative statements, and each item is scored on a scale ranging from 1 to 4 points (from “a little of the time” to “most of the time”); hence, overall scores range from 25 to 100: scores from 25 to 49 indicate a normal range; 50–59, mild depression; 60–69, moderate depression; and 70 and above, severe depression. The scores provide indicative ranges for depression severity. In this study, a cutoff score of 50 (≥) was used to indicate the presence of depressive symptoms.



Zung Self-Rating Anxiety Scale

A short self-administered 20-item version of the scale (60), covering both affective and somatic symptoms, focuses on the most common general anxiety disorders. Each response is rated on a 1- to 4-point scale, from “none or little of the time” to “most of the time.” There are 20 questions with 15 increasing anxiety level questions and five decreasing anxiety level questions. Overall scores range from 20 to 80: scores from 20 to 44 indicate a normal range; from 45 to 59, mild anxiety; from 60 to 74, moderate anxiety; and from 75 and above, severe anxiety. In this study, a cutoff score of 45 (≥) was used to indicate the presence of anxiety-related symptomatology.



Connor-Davidson Resilience Scale 2

This is an abbreviated two-item version of the rating scale for the assessment of resilience, created to reduce administration time (61). The two items of the 25-item Connor-Davidson Resilience (CD-RISC) scale (62) used in this case were item 1 (“Able to adapt to change”) and item 8 (“Tend to bounce back after illness or hardship”). The CD-RISC2 sufficiently represents the original measure, and the CD-RISC2 can be used in place of the 25-item CD-RISC. Test–retest reliability analysis, convergent validity, and divergent validity demonstrated significant correlation (ranging from r = 0.27 to 0.66) with both the 25-item CD-RISC version and the individual items of the CD-RISC. In this study, a cutoff score of 5.5 (≤) was used to indicate participants with lower resilience resources (named “Lower resilience”) (61).



Beck Hopelessness Scale

This scale (63) includes 20 items that are answered as true or false; and total scores can range from 0 to 20. Cronbach's alpha coefficient of the scale in the general population ranged from 0.82 to 0.93 (64). This scale evaluates three major aspects of hopelessness: an individual's feelings about the future, the loss of motivation, and future expectations. The Beck Hopelessness Scale (BHS) results were dichotomized, using a cutoff score of 9, to differentiate hopeless (1 = presence) from not hopeless subjects (65).




Data Analysis

A descriptive analysis of the sample was carried out. Categorical variables are presented as absolute numbers (n) and percentage frequencies (%). Sociodemographic and clinical characteristic of the study population were described. The frequencies of PTEs and the period of occurrence (I/PM and/or A/DM) were evaluated to better characterize the migrants included in the sample. In order to evaluate relationships between continuous clinical variables, the correlation matrix was calculated.

The outcome under study was defined as a dichotomous variable, using the information “history of DSH” during a lifetime (1 or more episode) scored by the DSHI. The distribution of DSH behavior was analyzed in the entire sample and for different sociodemographic and clinical characteristics. Differences between categories were assessed using chi-square tests or Fisher's exact test, as appropriate.

In order to evaluate determinants of DSH, in a first step, separate univariate analyses were performed for DSH outcome and all the variables of interest, by using log-binomial regression models. In particular age, anxiety, PTSD, depression, SUI, hopelessness, and lower resilience were tested; prevalence ratios (PRs) with 95% confidence intervals (95% CI) and p-values were estimated. Then, we would like to investigate the joint role of age, PTSD, low resilience, and hopelessness on DSH. We first investigated the presence of interactions between hopelessness and other three covariates, but no statistically significant results were found. Finally, multivariate log-binomial regression models were performed to investigate the effect of these covariates on DSH. Two models were run, without and with hopelessness, in order to evaluate the mediating role of this factor on PTSD and low resilience. For all analyses, statistical significance was predetermined at p < 0.05, 0.01, or 0.001. Moreover, we also evaluated multicollinearity, to exclude the possibility that correlation between covariates could influence the model results. To this purpose we calculated the variance inflation factor (VIF) and the eigenvalues obtained through a principal component analysis conducted on the matrix of the covariates. The empirical and joint evaluation of the maximum value of VIF, of the absence of very small eigenvalues and of low condition-index values, suggests that problems of multicollinearity can be considered negligible and do not affect the stability of the parameters estimation.

All analyses were performed using SAS® System version 9.3 (66).




RESULTS

The sample included 169 migrants with permanent residency in Italy aged between 18 and 68, M = 28.9; SD = 8.77), selected from consecutive admission to the Mental Health Unit of INMP. Table 1 presents the sociodemographic and clinical characteristics of the sample. Respondents were mainly males (76.9%), and 80.5% were young adults (aged 18–35 years); most of them were single (73.4%) and unemployed (77.5%), and about a half had a lower or upper secondary education (49.1%). The 78.7% migrated from Africa (mostly from Western Africa, 67.5%) and 21.9% <1 year ago. Of the migrants, 30.2% had at least one trauma-related disorder, 22.5% at least one mood disorder, and 11.8% at least one substance use disorder. Anxiety disorders and adjustment disorder were both present in 7.1% of the study population. Among participants for whom data were available, 18 (10.7%) declared a family history of mental disorders.


Table 1. Sociodemographic and clinical characteristics of the sample.
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As shown in Table 2, the most frequent PTEs occurred during migration (A/DM) were serious injury (49.7%), imprisonment (41.4%), being close to death or lack of food and water (both 37.9%), and the lack of shelter (36.1%). The latter was the most common (31.4%) during the infancy period (I/PM), followed by the lack of food and water (30.2%) and rape or sexual abuse (18.3%). Overall, almost all migrants (94%) in the sample reported suffering a trauma during the migration process, whereas less than a half (43%) declared to having suffered a trauma during the infancy period. When we analyzed the relation between period of trauma occurrence and DSH, we did not find any statistically significant differences in the proportion of subjects with DSH: 28% of subjects who had a trauma injure themselves regardless of when their trauma occurred (data not shown).


Table 2. PTEs and period of occurrence (I/PM and/or A/DM).
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Of the sample, 26.6% declared a DSH episode in their lifetime (Table 3) with an age of onset of DSH ranging from 18 to 57 years, M = 29; SD = 8.65). To be engaged in DSH was most common in single (or alone) and unemployed migrants. Moreover, in subjects with post-traumatic stress symptoms, feelings of anxiety, hopelessness, low capability of resilience and SUI, and DSH behaviors were found to be more frequent.


Table 3. Characteristics of migrants who injure themselves.
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The results of univariate regression models for testing the association between each variable of interest and DSH are presented in Table 4. Anxiety, PTSD, SUI, hopelessness, and low resilience were significantly associated with a two-fold (or more) higher risk of engaging in DSH behaviors.


Table 4. Univariate log-binomial regression models for DSH behavior.
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In Table 5, Model 1a shows the results of the multivariate regression model, where the effect of age, PTSD, and low resilience on DSH was tested. A strong association between PTSD (PR adj = 3.75 [1.77–7.94]), low resilience (PR adj = 3.91 [1.63–9.41]), and DSH was observed. Hopelessness (Model 1b) contributes to explaining part of the relation between PTSD and resilience with DSH. In fact, when including the variable hopelessness in the multivariate model, the effect of PTSD (PR adj = 2.21 [1.30–3.75]) and low resilience (PR adj = 2.32 [1.16–4.62]) on DSH decreased.


Table 5. Multivariate log-binomial regression models for DSH behavior.
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DISCUSSION

This study aimed to explore the frequencies of DSH and its correlates among a nonclinical convenience migrant trauma-exposed subgroup. We have evaluated the relationship between DSH and some sociodemographic characteristics and clinical conditions. The results show high prevalence of DSH in the sample. We also found increased frequencies of PTSD, as well as depressive and other anxiety symptoms. The results show that trauma-related symptoms increase the risk of engaging in SIB. The data highlight that lower resilience resources correspond to an increase in DSH. Moreover, we also considered the feeling of hopelessness as a negative self-view characterized by rigid and persistently negative expectations about the future, which appears to have implications for post-traumatic-related symptoms. Epidemiological data suggest that trauma-exposed subjects who engage in DSH present a highly negative self-view (67). In addition, PTSD may impair the integrity of the self and result in negative expectations regarding the self and the world (68). Previous studies have provided empirical support for the existence of a relationship between traumatic experiences and self-injury (25) and have suggested that trauma-related symptoms may play an important role in the development and continuation of SIB. Other studies suggest that PTE rather than post-traumatic symptoms could be more strongly related to self-injury (48). Taken together, PTE and PTSD may play an important role in the development and continuation of DSH.

The issue of self-injury behavior is considered a pervasive public health burden that has received increasing attention from researchers (27, 69–71). In particular, DSH was considered one of the most important predictor factors for suicide among ethnic minorities (32). Our results indicate that DSH behaviors are associated with SAs and SUI. Data suggest that DSH may increase the risk of SUI and behavior.

A previous investigation conducted by Kalt et al. (72) in detentions centers showed a correlation between trauma and violence experienced during the migration processes and some psychopathological conditions like PTSD, psychosomatic symptomatology, SAs, and self-harm behavior. However, authors mention that these data should be considered with caution, since such behavior are not regularly reported. Moreover, there are still very few studies specifically focused on self-harm practices in asylum seekers and refugees in Europe (8).

According to Berry (73), in the context of transactional stress and coping models, migration processes invoke a vicious cycle of trauma and isolation that is influenced by an individual's resources to cope with stress, as well as by personal and social resources. Assessing trauma and trauma-related symptoms in migrants can contribute to a better understanding of the psychological correlates of self-injury, specifically enabling further examination of trauma symptoms as an underlying mechanism.

In particular, the exposure to catastrophic stress experiences related to persecution, war, or organized violence, circumstances where escape is unfeasible due to physical, psychological, environmental, or social constraints, may result in complex trauma or complex PTSD (CPTSD) (74, 75) (ICD-11; DSM-5). The construct of the CPTSD has drawn attention to the psychological consequences of interpersonal, prolonged, repeated, and extreme traumatization (74, 76). Many symptoms founded in our sample (e.g., negative self-views and negative expectations about the self and the world) could be related to CPTSD, which can be highly prevalent among immigrants and refugees [e.g., (77)]. It is important to evaluate PTSD and CPTSD, because trauma and complex trauma-related symptomatology may correlate with different conditions and require distinct interventions in mental healthcare with immigrant and refugees [e.g., (78)]. Such findings underlined the relevance of ensuring effective assessment of trauma-exposed migrants at the first stages, in order to reduce their psychological burden (79). In 2018, the increasing number of migrants in Europe has requested strategic actions like the “Migration and Health Programme” introduced by the WHO European Region to support the healthcare professionals in providing more prompt and robust responses to the needs of migrants.

Our study presents some limitations. First, the study was a cross-sectional design, and the sample is a nonclinical convenience sample, mainly made up of males, not representative of migrant populations. Therefore, migrants with different levels of severity of psychiatric symptomatology may not be included in our sample. Furthermore, this study did not have a large enough sample to allow the finding to be generalized to general migrant populations. Finally, our decision to dichotomize most of the variables to obtain more robust estimates and to make the interpretation easier may have produced an information loss about collected data, albeit modest.

The identification of DSH and/or SA would be particularly useful given the danger of these behaviors and the reduced life expectancy associated with them. Gaining a better understanding of what percentage of those who self-harm also attempt suicide, particularly in trauma-exposed migrants, is a necessary step in helping healthcare professionals to identify the phenomenon and to intervene.

The high prevalence of DSH in trauma-exposed migrants highlights the importance of routine assessments of these behaviors among this population. It is important that clinicians and physicians, including those in family medicine and primary care settings, are familiar with the association between PTE, PTSD, and DSH in order to implement programs focusing on prevention.

Finally, we would like to emphasize the need for future research to investigate the different prevalence of self-harm across cultures, as well as its cultural meanings and functions, in particular focusing on qualitative studies, which are better able to explore the subjective meanings of the asylum seekers' experiences and the deep functions of self-harm practices.
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p-value

0.054

p-value

0996

p-value

0.489
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Sociodemographic
variable/diagnostic category

Age

Sex

Female
Male

School type®

Gymnasium
Realschule
Férderschule/Hauptschule

ACEs

Antipathy mother/mother figure
Antipathy father/father figure
Neglect mother/mother figure
Negleot father/father figure

Physical abuse mother/ mother figure

Physical abuse father/father figure
Physical abuse both Parents
Sexual abuse

Psychological abuse

Role reversal

M.

id Primary Diagnoses®

No diagnosis
Current major depression
Past major depression

Recurrent depressive
disorder

Dysthymia
Agoraphobia
Social phobias

Post traumatic stress
disorder

Drug/aleohol dependence
ADHD
Oppositional defiant disorder

Affective disorders with
psychotic features

Bulimia nervosa
Adjustment disorders

SKID-1l

Borderline personality disorder

28D, standard deviation.

21
16

-~ -~ oo

10

No ACE
(N = 44)

sp*

%

93.2
68

%

47.7
36.4
15.9

%

%

6.8
36.4
23
9.1

273
23
46
0.0

0.0
0.0
23
23

0.0
6.8

22.7

ACE
(N =30)
™ sp
162 12
N %
30 100.0
0 0.0
N %
12 400
14 46.7
4 133
N %
17 56.7
11 367
5 16.7
11 367
6 200
4 133
3 100
4 133
5 167
7 23
N %
0 00
11 367
2 67
4 133
4 133
0 00
0 00
2 6.7
1 33
1 33
2 67
0 00
33
67
13 433

Total
=14

14.9

l

33
30
1"

. W o

23

sD

12

96.0
41

%

446
405
14.9

6.7
36.7
16.7
36.7
20.0
133
100
133
16.7
233

%

41
36.5
41
108

216
14
ar
27

1.4
14
41
14

1.4
6.8

31.1

Group differences

p-value?
0.108
p-value

0.144

p-value

0.708

p-value

0.265

0.081

bFoerderschule, school for students with special needs; Hauptschule, 9 years of elementary school; Realschule, 6 years of school after 4 years of elementary school, terminating with
a secondary school level-| certiicate; Gymnasium, 8 years of school after 4 years of elementary school, terminating with the general Qualiication For University entrance.

“Multiple dlgnoses per subject possibe.

9Baseline group differences regarding sociodemographic variables and diagnostic categories.
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1. T1 Ruminaton/negatie thrking
2. T Communiation

3. T1 Postie reorntaton

A.T1 Disracton

5. T1 Gutural actvios.

6. T2 Ruminatonnegatie thiking
7. T2 Gommunicaton

8. T2 Postie reorentaton

9, T2 Disracton

10. T2 Cutural actiios

<001, "D <.01, 0 <.06
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AERSQ scales M(s0) t » Cohen's d

an Girs Boys

T1 Rumination/negative thiking 214079 204 089) 193(068) a1 <001 085
T1 Communcaton 313(1.16) 363(1.14) 262095 1515 <001 094
T1 Posiive reorntaton 335089) 340 086) 331089 161 101 on
T1 Distraction 337082 341079 334080 1.40 50 009
T1 Qutural actviies 208091 244 097) 1730088 1830 <001 086
T2 Rumination/negative thiking 224084 250" 084) 1.96076) 1023 <00t 068
T2 Communicaton 3150121 363(1.15) 264(1.06) 1339 <001 050
T2 Postive reorentaton 337086 345086) 229088 295 o 020
T2 Ditracton 3370084 346 080 328087 318 o0 022
T2 Cutura actios. 1.98(090) 230" 0%9) 165 074) e <001 078

"Encorsament o houminatonscaoocoasod scany,(456) 439, p-< 001, whio exdsement of i uluralacttos sl suianty docroaso, (456) = 932, <.001 o
OB S S P B e R TS R o POl
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T1 Rumination/negative thinking T Communication  T1 Positive reorientation 1 Distraction T4 Cultural actvtes

T1 constructs N= 954077
Girls/Boys Girls/Boys.

NSS! a1t 14108

Hyperactviy. - 1812 —ov09

Emotonal symptoms 1905 o101

Peer problems 21 210 12704

Condict provims 1007 125 00704

Prosoca benavior g7 130 Az

T2 constructs

NSS! -1507

Hyporactidy o1z

Emotons symploms

Peer problems 12707

Gondhct proviems -08-09

Prosoca betavior Ao

T3 constructs

NSS! o108

OERS Lot 02106

Depression 03106

Aty —~ot-01

Stess 0100

e saistacion 0307

Fowishing 13715 03/-06

"p<.001, “p< 01,  <.05
N v o fo missing abios o al variaios xcopt 100 AERSO.

Sgnicant comsaton coaficnts fte oo comson aro shown n b, Fov comparisons wih T2 consinets for s and boys, ho Comeod p vabo s 05130 = 017; o
it lih T ARSOS R Sk andt Bix: T viNad s Al RIS < B00E
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T2 Rumination/negative thinking

T2 constructs

NSS!
Hyperactviy.
Emotonsl symploms
Peer problems
Condhct provims
Prosoca benavior

T3 constructs
NSS! 147708
DERS tota
Oepression
Aty

Stess

Lo sastacion
Fouishing

287

< 001, "D < 01, <.05
N v duo fo missing Vabies on arisbies excep! 190 AERSQ.

T2 Communication T2 Positive reorientation

N= 050072

218"

~0u/-08
- 1221
e

22

T2 Distraction T2 Cultural actiites

Girls/Boys

—ov2a

—ov-00 10-07
08701 03/-05
—ov-02 ~ov-05
0408 o407
~08/01 -2r-10
06708,

0310

Sgnicant comaton coaficents aflr Bonos comson a0 shown n b, Fov comparisons wih T2 consinetsfor s ad boys, ho comecod  vabo s 05130 = 017; o
ions with T8 Corsinicis i Dy a0 Dovd. 6 COMSCIad 5 vokie BOSAS w0078
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item (in English transtation)

What do you do when you feel sad,
disappointed, norvous, afraid, or
experience other negative or
unpleasant foolings?
4.1 think negative thoughts about
myself
14.1 have the urge to physicaly hurt
myself
6.1 trink that others are more
fortunate than me
5. thinkthat | am bady treated by
others
13. 1 fesl angry over having these
fosings.
3.1 withdraw and keep 1o mysell
9. think thatitis impossidle to do
anything about how | fesl
10. 11ty to find the posiive aspects of
‘what has happened
8.1y to do something that wil make
me foel better
11. 1ty to avoid thinking about my
unpleasant feskngs
12. 1ty to think about ploasant things
‘and daycream
25. | speak with fiends on the phone.
1. speak with friends about how |
ool
17.1 cat sometting
16. 1 sten to music o watch TV o
online videos.
20, vt to or chat onine with others
2.1 play video gemes or computer
games.
23,1 seep, est, and relax
18, 1 read
19, 1wite a diary
21,1 draw, paint, play an instrument,
or dance
2.1 speak with adults about how | feel
7.1 thinkthat itis best to acoept how |
ool
15. 1 have the urge to physically or
mentaly hurt others
21.1go for awakk, cycing, work out,
exercise, or partake in sports

Extraction Mothod: Prncioal Axis Foctoring.
Nomalzatin.
Rotation converged in six lerations.

73

675

&7

579

571

547

-

-119

027

a7
016

018
-2

315

-8

105

78

082

-6t

092

098
010

o3
128

018
216
167
015
147

219

-080

115

Factor

049

326
w31

128

174

a2

21
08

051
M4

407
261

042
023
247
204

24
005

075

179

080

076

-003

062

-115
-025

153

140

%y &% BE By 3

5B

3]

018

a7

15

ors

o7
o024

on

-002

2

197
146

182
-39

075

120

Fotation Method: Varmax with Kaise
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Age

13 years

15 years

17 years.

20 years

Results from logistic regressions with multiple imputation [N (overal|

No. of
event types

44

Logit coeff. b

0.24
0.66
0.95
179
0.14
0.45
0.98
1.50
025
0.78
112
1.36
-0.64
-0.04
0.48
0.92

Overall

P

0.350
0.011

0.001

<0.001
0.584
0.088
<0.001
<0.001
0377
0.007
0.001

0.002
0.103
0.907
0.163
0.004

OR

1.27
193
259
6.00
1.15
158
265
4.49
1.28
2.19
307
3.88
053
0.96
1.62
251

1,482, n (male) = 767, n (female)

95% Cl

0.77-2.11
1.16-3.19
1.50-4.47
3.38-10.65
0.70-1.91
0.94-2.65
1.55-4.54
2.36-8.50
0.74-2.21
1.24-3.85
1.62-5.80
1.63-9.20
0.25-1.14
0.48-1.93
0.82-3.20
1.35-4.67

Logit coeff. b

0.1
034
021
1.88
-0.40
0.36
-0.06
091
0.12
0.73
0.86
1.89
-0.54
-0.52
0.67
0.65

715

P

0.749
0.359
0.647
<0.001
0.284
0.348
0.923
0.121

0.780
0.118
0.164
0.014
0.361

0.351

0.264
0.249

OR

1.12
141
1.23
6.56
0.67
1.43
095
2.49
113
208
237
6.63
0.59
0.60
1.95
191

95% CI

0.56-2.23
0.68-2.91
0.50-3.02
3.02-14.25
0.32-1.39
0.68-3.02
0.31-2.91
0.79-7.86
0.48-2.65
0.83-5.21
0.70-7.98
1.47-29.83
0.19-1.85
0.20-1.77
0.60-6.32
0.64-6.75

Logit coeff. b

0.35
091
1.45
1.69
0.67
0.75
154
1.97
024
0.75
1.12
1.09
-0.64
0.41
051
1.22

Female

P

0.381

0.016
<0.001
<0.001
0.076
0.049
<0.001
<0.001
0510
0.034
0.005
0.038
0.257
0.420
0.298
0.012

OR

1.42
2.49
427
5.40
1.95
212
4.64
7.20
127
212
3.08
297
053
151
1.66
3.40

95% CI

0.65-3.08
1.19-5.23
1.97-9.24
2.23-18.07
0.93-4.06
1.00-4.49
2.19-9.85
3.02-17.20
0.62-2.59
1.06-4.23
1.41-6.65
1.06-8.32
0.18-1.60
0.56-4.10
0.64-4.33
1.31-8.79
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95% Cl

Logit coeff. b p OR Lower Upper
Self-injury age 13

Sex (male) -0.07 0.686 093 0.67 1.30
High parental education ~024 0324 079 0.49 1.26
Parents divorced by child age 11 0.36 0.082 1.43 0.96 2.14
Migration background —0.05 0764 095 067 1.34
Context of event

School 037 0.039 1.44 1.02 205
Peers 1.00 <0.001 271 193 381
Intimate refationships —0.03 0846 097 0.69 1.35
Family 0.65 <0.001 192 1.37 270
Self-injury age 15

Sex (male) -0.79 <0.001 045 032 065
High parental education -0.47 0.056 063 039 1.01
Parents divorced by child age 11 017 0.447 1.18 0.77 1.81
Migration background -026 0.142 077 054 1.09
Child education level (high)* -0.11 0.652 0.89 0.55 1.46
Context of event

School 051 0.009 1.66 113 244
Poers 054 0.003 1.72 1.21 246
Intimate relationships 027 0.121 131 093 1.83
Famiy 0.42 0015 152 1.08 2.4
Self-injury age 17

Sex (male) -076 0.001 047 031 072
High parental education -0.32 0255 073 0.42 1.26
Parents divorced by child age 11 0.15 0.546 1.16 0.72 1.85
Migration background ~025 0242 078 052 1.18
Chid education level (high)® 008 0.750 1.08 0.67 1.75
Context of event

School 061 0013 1.84 1.14 299
Peers 081 <0.001 224 1.49 338
Intimate relationships 035 0.083 1.41 096 209
Famiy —0.05 0828 096 0.63 1.44
Self-injury age 20

Sex (male) -058 0017 056 035 090
High parental education 014 0.651 1.15 064 206
Parents divorced by child age 11 029 0.291 1.33 078 226
Migration background 0.04 0.877 1.04 0.67 1.61
Child education level (nigh)® -034 0212 071 0.42 1.21
Context of event

School 080 0.001 224 1.41 353
Peers 076 0.001 215 1.34 3.44
Intimate refationships -007 0783 094 059 1.50
Famiy 041 0073 1.50 096 234

aEducation level at the previous assessment.
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Demographic: NSS! (n=26) Controls (n = 22)
Characteristics

Age (mean years + SD) 17632236 17692226
Q (mean = SO) 105.78 2 10,68 (1 =27) 110,05 2 943 ( = 20)
Right Handsd - n (%)" 24 (@9%:n=27) 19(100%;n = 19)
Ethnicity - n (%)

white 26(23%) 19(86%)
African American 16%) 16%)
Hispanic 3011%) o
psian ) 20%
Other 16%) o
Cinical Measures

DERS Total" 119.17 2 2222

DERS Awareness™ 2063:635(0=20) 1226+335(
DERS Claity” 16692430(1=26) 8482 166(n=
DERS Goals* 17922554(0=24) 12212 472(
DERS Impuise™ 18882591(1=24) 7542203 (0
DERS Nonacoeptance' 18922621 (=24 9112289 (0
DERS Strategies™ 26292565 (n = 24)

8IS Total" 78121047 (0= 26)

BIS Attentional™ 2100+3.71(0=26)

8IS Motor™ 2431:563(0=26) 1876+386(n=21)
BIS Nonpianning® 27812367(n=26) 2343+ 491
PAVPAL-A Bordedine-Sell 64882 15.06 (0 449521149 (0
Harm Subscalo™

NSS! Characteristics

Age of first NSS! (mean + SD) 11,96 + 303 (0= 27)

Lietime Cuting Episodes: 181,11 2 195.43

(mean = SD)

Estimated Cutting Episodes. 0752116

per Wesk (mean = SD)

Duration (years) of NSSI 5432385(0=27)

(mean = SO’

Current Diagnoses - n (%)

Maior Depressive Disorder 16(67%)

Depressive Disorder NOS 5(18%)

Generaized Anisty Disorder 8(29%)

Aniety Disorder NOS 2%

Socal Phobia 16%)

Specifc Phobia 3(11%)

Panic Disorder 3(11%)

Post-Traumati Stress 5(18%)

Disorder

Obsessive Compusive 2%

Disorder

Eating Disorder NOS 16%

ADHD 2%

Alcohol Dependence 2%

No Curent Disorder 5(18%)

Medications

Currenty Mecicated 12 (43%)

Anidepressants 9(32%)

Stmuants 2%

Antipsychotics 1.%)
Antianviety/Benzodiazepines 4(14%)

Other Psychotropics 16%)

p<.005.

p < .001.

*Post hoc analyses indicated that difering handoaness did not afect study fndngs.
*Particants were abi to endorse more than ono option or ethicty.

“Consansus between ISAS and DSHI was cakubted to detering average number of
cuting eisodes per wesk. These ae pre-Winsorized scores.

“Ouration of NSS! cabousted by subiracting age offrst NSS! from current age.
Diagnoses inchude both primery and comovtid cisorders.
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Control Variables: Age & BDI &1Q Correlations

LeftUncinate  Right Uncinate

Fasciculus Fasciculus.
BORS  Comdaton a1 a0
Signicance (-tae) 051 062
af 21 21
IS Coneaton 668 573
Attenional  Signiicance (1-talec) <01 o0z
af 22 22
8IS Motor  Comeaton -383 a7
Signiance (-taed) a2 a6
o 22 2
i Conaton 306 17
Nonpianing  Sigréicance (-taled) o3 262
af 2 2
BSTotd  Comeaton -850 -aa7
Sgnifcance (1-talec) o3 ot
o 22 22
DERS Coneaton 66
Nonaccept  Signéicance (1-talec) 385
o 20
DERS Goals Corolaion 300
‘Sgnicance (1-taec) 068
of 20
0ERS Coneaton 066
mpuse  Signiicancs (-taded) 36
af 20
DERS Coneaton 119
Awarencss  Signiicance (1-talec) 208
o 20
oERS Conation ora
Strategies  Signéicance (1-taec) an
af 20
DERS Clrty  Comolaton 020
‘Snifcance (1-talec) 463
af 22
DERS Total  Corolaion 087
Signicance (-taed) 435
o 20

Mools criteria for signiicance based on corecied p-vake < 002,
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: Age & BDI &1 Correlations
Left Cingulum  Right Cingulum

B0RS Corelaion a2 507
‘Sigifcancs (1-taied) 017 007
af 21 21

BIS Atienional  Corelaion -485
‘Signfcance (-taied) 018
of

BIS Motor Corelaton
‘Signiicance (1-taled)
af

BIS Nonplanning ~ Correlaion
Signfcancs (1-taied)
af

BiS Total Corelation
Signfcance (1-taied)
af

DERS Nonaccept  Comelaion
‘Signifcance (-taled)
of

DERSGods  Corelation
‘Signifcance (1-taled)
af

DERSImpuse  Comelaion
Signfcance (-taied)

af
DERS Awareness  Corelation 79
‘Significance (1-taled) 212
of 20
DERS Strategies  Corelation 388 279
‘Signifcance (1-taled) 051 104
of 20 20
DERS Carty  Conelation 217 -23
Sigificance (1-taled) 095 135
of 2 2
DERS Tota Coreation -076 -o77
‘Significance (1-taied) 367
o 20
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Outcome measure (n) Basoline Mean  Follow-up Mean  Sig

(s0) (s0)
Cirician measures 5000 0.39) 5722(11.10) 046
Chidren's Giobal
Assessment
Scae (20)
Pasental Measuses 4978 (24.96) 4633(1807) 664
Revised Chicren's Aniety.
& Depression Scale (15)
McLean Screening 363200 4003.02) 685
Instrument (11)
Columbia mpainment 23.00(7.49) 2501148 735
Scae (1)
Strengths & Diffcuites 1575 (5.60) 15.00(5.10) 761
Questonnaire (13)
Giont Measures
Revised Chidren's Aiety 7978 (24.09) 49110059 oor
& Depression Scale (13)
McLean Screening 613280 4632.72) 3%
Instrument (11)
Columbia mpainment 2425(661) 2188079 624
Scae (1)
Strengihs & iffcultes 1988 (452) 1588 (6.59) ort
Questonnaire (13)
EQSD Healh Today (1) 5550 (1085) §7.75202) .78
‘Seltharm episodes (14) 14.06 (14.04) 1.06(1.69) 27

B 05





OPS/images/fpsyt.2019.01019/crossmark.jpg
©

2

i

|





OPS/images/fpsyt.2019.01019/fpsyt-10-01019-g001.jpg





OPS/images/fpsyt.2019.01019/fpsyt-10-01019-g002.jpg





OPS/images/fpsyt.2020.00437/table1.jpg
Dopression/ancoty
Happyies
HappylesPLUS.

Pre- measurement
M(s0)
1801 (1029)
1854 (11.94)

25391998
2813213

1281 2061)
1165 (18.99)

573(1095)
728(13.48)

13.16(11.86)
1493 14.31)

3535 2341)
32882039

2151 (1613
2207 (1730

Post-measurement
M(s0)
1818 (11.89)
1894 (125)

2272(1861)
26202362)

1214 19.16)
1242 (1959)

676 (1255
808 (1392)

1444 (1059)
1662 (16.11)

3484 2221)
%22(2012)

2085160,
2175180

Mean-difference (post-pre)

M(so)
018049
04111

267 (1942)
-1.90(16.06)

-067 (1839
076 17.17)

1.03(132)
080(13.08)

128(11.48)
169(1279)

-051 2024)
037 (17.66)

-067 (1439)
-033(132)

95wl
106142
-075; 157

496,037
378007

283149
121278

-054:261
-o71:267

-010:267
018,319

241108
189125

L o s ST A T b o Oreabiioe T £ oot S S o b T n o

0674
0719

054
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Treatment Attended sessions Missed sessions

Range  Mean (SD) Range  Mean (SD)
sFeT 27 433252 -4 238(1.59)
cat 124 1067 (7.48) 05 189 (1.89)
ver 2n 633(451) o1 033(58)
Total 124 853660 05 167 (1.68)

SFBT, Solton Focused Eref Therapy; CET, Cognitve Betavor Therapy; MET,
faraieem oo Do e T
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Total psychological distress
Score pre-measrement
ondion (HappylesPis)
Gender (gi)

Age

Somatc symploms
Score pre-measurement
Conditon (HappyesPhus)
Gender (g
Age

Socil isoation
Score pre-measrement
Condion (HappyesPhus)
Gender (gi)

Age

Aggression
Score pre-measurement
Conditon (HappylesPlus)
Gender (gi)

Age

Conduct problems
Score pre-measurement
Conditon (HappylesPlus)
Gender (gi)

Age

Hyperaciity/Disractity
Score pre-measurement
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Sefharm episodes (15)
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15,55 (507)
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44.50 (17.25)
9.40(13.12)
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NSS! pictures.
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backgrounds
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EPDS : Edinburgh Postnatal Depression Scale

IDDL : Inventory to Diagnose Depression, Lifetime version
J-SSQ : Japanese version of the Social Support Questionnaire
MIBQ : Mother—Infant Bonding Questionnaire






OPS/images/fpsyt.2020.00441/table1.jpg
Group 1(n=379) Group2 (n=51) p valu

Age ) 33246 316247 01
Years of schooling 150219 153210 250
Nubparous 823% 784% 705
Primiparous. 153% 17.6%

Given birth twice 18% 0%

Given bith thre times 06% 0%

Drinking rate 90% 17.6% 083
Smoking rate. 13% 118% <0000
Provalence of mental disorders. 13.1% 449% <0000
Prevalence of physical disorders  39.0% 450% 486
EPDS at ealy pregnancy 4302395 11652666 <0000
EPDS at late pregnancy 4112403 10272664 <0000
EPDS at 6 days postpartum 4812432 9732630 <0000
EPDSat 1 monhpostpartum 516452 105827.13 <0000
History of MDD 24.2% 549% <0000
IDDL 283021565  4520+17.35 <0000
MBQ 3192206 4902537 084
J-85Q (support number) 3952216 3202173 016

J-85Q (saistacton leve) 4902186 422213 001

EPDS, Ecinburgh Postnatal Depression Scale; MDD, major depressive cisorder; 1DDL,
inventory to Diagnoso Depression, Lifetimo version; MIBO, Mother-infant Bonding
Quostionnaie; J-SS0, Japanese version of the Socal Support Questionnaie

Data are prssonted as the mean = standard devation (0.

A test was used o compare age, yeas of schooing, and J-SSQ scores.

The chi-squared test was used to Compare the number o chidten, dinking, and smoking
ates, prevalonco of mental and physical disorders, and rato o having a istory of MD.
The Mann-Whitney U test was used to compare EPDS, IDDL, and MIBQ scores.
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%
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NSS! behavior ¢ -1 h* NSS! thoughts £~ 1h°
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Definitions

Examples

NSS! and
Suicido
Atompt
Examples

Simple

O o a smal b of factors
are both necessary and suffcent
for accurate disicton.

“The number of protons s both a
nocessary and suffcent facorto
accuraly dstinguish between
iferent ypes of atoms.

The prosence of suicdal deste and
‘aoquied capabity for sicde
might b bth necessary and
suficen to isinguish betwesn
individuals only engagng in NSSI
and ncviuals engagng i suicde
atempt.

Complcated

Aspeciic st of a large number of factors s both necossary

and suficient for accurat distacton.

The pesencsof the folowing components i both necsssary
and suficnt o accurately ditioguish between a funciioning

‘smartphone and a nonfunctioning smartphone:  cioui
o, a speakes, a mcrophons, an antenna, a battey, &
dpiay screen, and a SM card.

The prosence of the folowing factors might bo both
ecessary and suffcien to Gistinguish between indidals
o engaging in NSS! and ndhvduals engagng i sucide
atempi: suicical pians, nonzero suiidal desee, nonzerd

‘suicidal inten, acquied capabity for suicide, N0 reasors or
ning, lonelnes, hopelessness, acoess to means, and recent

stessors

Complex

Many (out not &) combinatons o factors aro
suffcent fo acaurate disincton, but no combnaton
is necessay.

The soksions o he folowing mathematical problnrs
are complex:

asb=1
asbice . sxeyrzet
One possiia combinaton that might acourataly
istiguish between incividuals on engagng i NSS
and incicuals ongaggog i sucdo attemp: abowe
60y0ars ld-+ malo + .. + 200ess 0 roarm = an
individualengaging i suicide attempt

‘Anotber possiie combination; bulied + ow
Socosconomic taus + chidnood 3buse + ..+ lack
offionds = an invidual engaging i s attempt
One combination that mght not isinguih the two.
eroups: shoe size abovo fve + yelow as avorte
color + ... + have apet






OPS/images/fpsyt.2020.00239/table2.jpg
Variables AUC  95%CI  Precision Recall Brior

ACSSFAD 057 (046,067 072 062 043
Age 054 [0.44,064] 072 059 050
AMP —Positive 052 [0.42,063) 069 075 045
AMP —Suicide/Self-Injury

Low intensity 058 (042,064 070 062 049

Moderate Intensity. 053 [0.43,064] 0.70 067 048

High itensity 054 (043,064 070 063 047
ASQ-—Abandonment 054 [0.44,065] 071 057 049
ASQ-— Arviaty 051 (045058 068 095 035
ASQ-Desperation 055 [0.45,065] 0.70 076 040
ASQ—Guilt 052 [041,062] 069 074 047
ASQ —Hope 048  [0.38,057] 067 092 047
ASQ - Humiation 053 043,063 072 049 083
ASQ—Loneliness. 048 [0.39, 0.56] 068 075 057
ASQ—Rage 052 [0.41,062] 069 076 047
ASQ—Seif-Hate 052 [0.43,061] 0.68 088 038
BAM 056 (045,066 071 064 044
BSI 058  [0.48,069] 074 059 042
DWLS—Other 055  [0.44, 0.66] 071 065 044
OWLS—Self 058 [0.47,069] 073 063 041
Empioyment 053 [0.43,063] o7t 062 049

Explct Raings—Positve 054 [0.43,064] 071 059 050
Explct Ratings—Suicido/Soll- 054 [0.44,065] 071 059 0.8
injory

Gender 046 (037,055 067 097 0S5
st 059 (048,069 074 059 042
Preparations for Suicide 067 [058.077] 077 090 025
ConfidenceinKiing Seff 073 [064,089) 084 077 025
during Preparations
Race 051 (043,059 073 046 089
Sexual Orientation 050 (042,058 072 086 07
Suicdal desiro (BSS) 057 [047.068] 074 083 045
Suicide Plans. 053 (048,058 088 099 032

PastMonth Frequency 058 [0.48,068] 076 045 047
InfentonActingonPlans 067 (057,077 080 071 032
Lkeihood of Future Plans 057 [0.47,067 072 065 042

AUC, area under the eceiver operating charactansto cuve; AUCS of 0.50, chance-eve
discrininatve accuracy; AUCS of 1.0, perft discriminative accuracy; G, Confdence
intoval, 00, poSithe et vabs; r6cal, sensiity; precision and ecal both
rango fom 010 ; vt igher values inccating better mocil pertomance; Brr scores of
0, peroct caltvation; with soores lose 0 Oidcatng beter caltration; ACSS, Acquied
Capabity for Suiide Scale - Fearessnss about Death;, AMP, Atect Misatiibuton
Procedure; ASQ, Afectivo State Questionnair; BAM, Brif Agiaton Moasure; BS!
Brif Symptom Inventory: DSWS, Disgust with Salf and Word Scal; IS, Insomnia
Severity Index: BSS, Bock Scale for Suicidal Ideation.
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ACSS-FAD 056 (050,060 072 088 043
Age 053 [050,066 071 044 051
AVP—Posiive 052 (048,08 068 074 047
AP —Suicide/Sat iy
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A. In the last year, the individual has, on 5 o more days, engaged in intentional
seifinficted damage 1o the suxface of his or her body of a sor ikely o
induce bieeding. bruising, or pan (e.9. cuting, burning, stabbing, hiting,
‘excessive rubbing), with the expectation that the injury il lead to only minor
‘or moderate physical har (e, there s no suicidal inen)

Note: The absence of suicidal intent has efher boen stated by the indvidual
o can be inferred by the indhicual's repeated engagement in a behavior that
the individual knows, or has learned, i not ke o résult n eath.

8. The indvidual engages n the salfrurious behavior with one or more of the

folowing expectations:

To obtain el rom a negatve fesing or cognitve sate.

2. Toresolve an inerpersonal dificuty.

3. Toinduce a posiive feeing state.

Note: The desired reef or response is experienced during or shortly after the
seitnjury, and the incvidual may display pattens of behavior suggesting a
‘dependence on repeatedy engagingini.

C. The intentional sef-injuryis associated with at least 0ne of the olowing:

1. Interpersonal dificuties or negative feelings or thoughts, such as depression,
‘aniety, tension, anger, generalzed dstress, or sef-criiism, ocourring n the
‘period immediately pior 10 the sel-njurious act.

2. Prir 1o engaging in the act, a period of preoccupation with the intended
‘behavior tha s dficul to control,

3. Thinking about selfinjury that occurs frequently, even when it is not acted
upon.

D. The behavior i not socially sanctioned (e.g., body piercing, tatooing, part of
a reigious or cuitural itul) and is ot restricted 1o picking a scab or nail
biting.

£ The behavioror its consequences cause cinically significant distress or
interference i interpersonal, academic, or other important areas of
functioning.

F..The behavior does not ocour exclusively during psychotio episodes, deirium,
‘substance ntoxication, or substarice withdrawal. In inGviduals with a
neurodevelopmental disorder, the behavioris not partof a pattern of
repetiive stereotypies. The behavior i not better explined by another
‘menta disorder or medical conditon (6.9, psychotic disorder, autism
‘spectrum disorder, ntelectual disabity, Lesch-Nyhan syndrome, stereotypic:
‘movement disorder with sef-inury, tichotomaria [hair-puling disorder,
‘excoration [skin-picking] disorder).

Reprinted with pemission from the Diagnosto and Statistical Manual of Mental Disorder,
Eith Edition, (Copyrioht ©2013). American Peychiatric Association.
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