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Abstract

Background

Non-suicidal self-injury (NSSI) affects many autistic individuals, and has been linked to
suicidality in this group. It has been closely linked to difficulties with intrapersonal emotion
regulation, but a role of interpersonal emotion regulation processes in NSSI has been
underexplored. Empathic disequilibrium is a state of imbalance between a person’s cognitive
empathy (CE) and emotional empathy (EE). We recently found that autistic people exhibit
heightened EE relative to CE, consistent with their first-hand reports of hyper-sensitivity to
the emotions of others. Because this kind of empathic imbalance is associated with
hyperarousal and emotional reactivity, we hypothesised that it might increase risk of NSSI,

which often occurs as a means of trying to regulate overwhelming or distressing emotions.

Methods

We measured CE, EE, emotional reactivity, and NSSI behaviours in 304 autistic and 289
non-autistic participants, and used Polynomial Regression with Response Surface Analysis to
examine empathic disequilibrium as a predictor of emotional reactivity and engagement in

NSSI

Results

Replicating previous research, individuals with an autism diagnosis were more likely to show
a pattern of EE-dominance (OR =4.51 [2.66, 7.63], p < 0.001), though they did not differ
significantly in overall empathy levels. While empathic disequilibrium was associated with
NSSI in autistic and non-autistic people, the nature of these pathways differed between

groups. In autistic people, empathic disequilibrium towards EE-dominance was associated
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with higher incidence of NSSI through emotional reactivity. In contrast, for non-autistic
individuals, incidence of NSSI was associated with overall empathy and, when accounting for

emotional reactivity, with empathic disequilibrium towards CE-dominance.

Conclusions

While future studies should investigate the direction of relationships with longitudinal
designs, these findings highlight different mechanisms for NSSI in autistic and non-autistic
people. They corroborate growing evidence that the relative imbalance between empathic

abilities may be relevant for meaningful outcomes, such as psychopathology.
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Background

Non-suicidal self-injury (NSSI, also known as ‘self-harm’) is the deliberate infliction of pain
and/or injury on the body through behaviours such as cutting, biting, or burning. While not
driven by suicidal intent, it is robustly associated with psychopathology and suicide risk.
Autistic people are at higher risk of engaging in NSSI, yet little is known about the
psychological mechanisms which underlie this link. One possible mechanism is empathic
disequilibrium, a term reflecting imbalance between the emotional and cognitive aspects of
empathy (see Table 1). Most notably, imbalance towards emotional empathy is associated
with autism and autistic traits, and with greater emotional reactivity.!”* As emotional
reactivity and dysregulation are closely linked to NSSI, #°® we examined the links between
empathic disequilibrium and NSSI in autistic and non-autistic individuals and examined the

role of emotional reactivity as a possible mediator of this relationship.

Table 1

Glossary of terms as used herein

Term Definition

Non-suicidal self-  Actions which intentionally inflict pain and/or physical injury to
injury (NSSI) oneself, but which are not intended to cause death by suicide

(i.e., not driven by suicidal intent).

Cognitive Recognising, understanding and thinking about other people’s

empathy emotional states, which are often conveyed through verbal and
nonverbal cues.” Sometimes known as affective perspective-
taking or affective Theory of Mind, it differs from cognitive

facets of these constructs where they refer to broader
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understanding of other people’s mental states (including beliefs,

expectations, desires and so forth, not just emotions).

Emotional Sharing the emotional experience of others, even though not

empathy directly affected by the event that caused their emotion. This
often includes experiencing distress due to the distress of others,
and experiencing prosocial, ‘other-orientated’ emotions like

concern and care for others based on their emotional state.”

Empathic A relative imbalance in the strength of emotional and cognitive
disequilibrium empathy, concretely realised in higher scores in one construct

than another.

Emotional Experiencing emotions that are intense, easily evoked and/or

reactivity which take longer to dissipate. Emotionally reactive individuals
are prone to experiencing strong emotions in response to a wide
range of environmental triggers, including negative affect in
response to stressful experiences, and take longer than average
to return to a neutral state.® Closely related to (and potentially
inseparable from) emotional dysregulation, since emotionally

reactive individuals will struggle to regulate their emotions.’

Note. Key concepts as conceptualised and operationalised in this study. While they reflect popular ideas from

established bodies of work, not all of these definitions are unanimous across scholars.

Self-injury is highly prevalent in autistic people, with an estimated 42% of the autistic

population affected.!® Autistic people are three to five times more likely to engage in self-

11,12

injury! than are non-autistic counterparts,''!? with risk slightly higher in adults. Indeed, while

NSSI typically peaks in adolescence and then declines in non-autistic people,'* self-injurious

1 We note that not all studies differentiate between self-injury that is suicidal and that which is non-suicidal.
We use “self-injury” when describing studies that did not make this distinction, and use “NSSI” specifically
where studies ascertained that self-injury was non-suicidal.
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behaviour appears to remain prevalent in autistic adults, including possibly autistic older
adults in the 55-70 age range.'* Relatively little is known about NSSI in autistic people, but
their reports suggest that it resembles non-autistic NSSI in age of onset and functional
purposes.'>!7 In autistic and non-autistic populations alike, NSSI has deleterious
consequences on confidence, self-worth and relationships.'®!®!° Further concern about it is
warranted, however, by relationships demonstrated, in the general population, between NSSI

and poor psychosocial outcomes,?*2!

and the development and exacerbation of
psychopathology.?** In addition to increasing suicide risk via effects on psychopathology,**
NSSI is itself robustly associated with later suicidality.?>® While the evidence base is
scarcer, these relationships appear to operate similarly in autistic people, where NSSI is
likewise associated with psychopathology,'® and appears to contribute to the heightened
suicide risk seen in this group.?’-? Given that autistic people have higher rates of
psychopathology?® and suicidality,?® it is imperative to better understand the risk factors

associated with NSSI, how best to prevent it and support individuals who desire recovery, in

order to ameliorate these kind of debilitating and devastating outcomes.

15-17 and non-

While emotion regulation appears to be a principle function of NSSI for autistic
autistic people alike,*!*? the initiation and maintenance of NSSI has been linked to
difficulties with emotion awareness and regulation, as well as emotional reactivity (being
more prone to experience strong and perseverative emotions from a range of stimuli).**
However, another facet of emotion processing remains under-explored as a risk factor for
NSSI in autistic and non-autistic people: the interpersonal dimension of emotions, as is
fundamentally reflected in our abilities to understand and to share the emotions of others.
These two abilities, termed cognitive and emotional empathy (CE and EE), are considered

aspects of empathy that are genetically, developmentally and biologically distinct.”** The

former describes the ability to understand the emotional states of others, closely
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corresponding to affective aspects of Theory of Mind.** The latter describes an individual’s
sensitivity to and sharing of other people’s emotional states, while maintaining a self-other
distinction. The neural substrates which support recognising and responding to others’
emotions are, to a large extent, those which support recognising, and regulating one’s own>>"
37: as such, being able to identify and regulate one’s own emotions is closely related to an
individual’s ability to recognise and respond emotionally to others.*®*° The same appears to
be true in autistic people, where levels of alexithymia (difficulty identifying and describing

one’s emotional state) are strongly predictive of empathic processes.*!?

Differences in CE and/or EE have long been linked to the development of
psychopathology,*** but a new mechanism through which empathic processes might affect
mental health was recently proposed. Shalev, Uzefovsky 2 emphasised the importance of
considering, beyond overall levels of either CE and/or EE, the relative strength of each
process compared to the other. Given the complexity and ambiguity inherent to social
interaction, they suggest that the interplay of these two processes, which can influence and
regulate one another, is essential for adaptive and flexible social responses. In this scenario,
an individual whose EE is relatively stronger than their CE is likely to experience overarousal
in response to others’ emotions, since a corresponding level of CE is needed to regulate an
individual’s own affective response to others’ emotions. Consequently, this imbalance of
empathic processes might be experienced as distress or discomfort, reflecting higher

emotional reactivity to the emotions of others as well as one’s own.!

There is precedent for the idea that autistic people might show relative differences in
empathic processes, but theoretical accounts have thus far unfortunately tended to be deficit-
based. In the empathy imbalance hypothesis,* Smith proposed that autistic people might
exhibit “a deficit of cognitive empathy but a surfeit of emotional empathy”. He suggested

difficulties with CE would make it difficult to channel empathic concern for others into an
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adaptive response, and the emotional arousal might be experienced as highly distressing (as

r 4647); “impaired” CE in the presence of “enhanced” EE, he suggested, would give rise to

pe
“a confusing and aversive experience” wherein the individual’s “sense of self would easily be
permeated by other people’s emotions” (pp.494). The empathic imbalance hypothesis was
coached in terms of deficits (impaired CE and enhanced EE), and subsequent literature has
failed to reliably reproduce this pattern in autistic people. There have also been important
developments in recent work that recognises that difficulties establishing an empathic
connection may originate from the different communication styles of neurotypical and
neurodivergent individuals, rather than impairments in either party.* Consequently, criticism
and doubts have been raised regarding the validity of delineating empathy into discrete
components in the context of autism.*’ Nevertheless, in so far as it relates to intraindividual
cognitive processes and their ramifications for the individual and their social world, Shalev
and colleagues showed, across several samples, that the relative imbalance between CE and
EE — specifically, a pattern of stronger EE than CE, rather than deficits or enhancements in
either - was predictive of autistic features (particularly social differences) and an autism

diagnosis, while overall empathy levels were not.!

Deficit-focused approaches to empathy have been a source of stigma for autistic people, who
have reported that they feel the emotions of others to an intense, sometimes incapacitating
extent.**->2. This new empathic framework thus seems timely, and appears capable of
explaining this aspect of the autistic social experience: EE-dominant empathic disequilibrium
would indeed be characterised by hyper-reactivity to the emotions of others without the same
extent of CE down-regulatory control.! EE-dominant empathic disequilibrium might,
subsequently, leave individuals particularly prone to poor mental health, and hence explain
another aspect of the autistic experience. Given the relationship between NSSI and the way

people experience their emotions, we query, for the first time, whether autistic and non-
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autistic individuals with a greater extent of empathic disequilibrium between EE and CE may
be more likely to turn to NSSI to regulate the overwhelm associated with experiencing other

people’s emotions.

The present study constitutes a preliminary test of the above hypothesis while testing the
replicability of previous observations. Specifically, we suggest that as per previous studies, '™
autistic people are likely to be characterised by a greater EE than CE. Given the role of CE
and EE in exerting regulatory balance over one another in social interactions, and in line with
previous findings,' we secondly suggest that empathic disequilibrium towards EE will be
associated with greater emotion reactivity. Mediated by this heightened emotion reactivity,
we thirdly suggest that individuals with greater empathic disequilibrium may have greater

likelihood of engaging in NSSI.

Methods

Participants

This study was advertised as a study on empathy and mental health. Our autistic adult sample
(n=304) were recruited through contacting participants from previous research by our UK-

2933 and through use of Prolific, a site for research participation. Participants

based group,
from our previous work constituted 44% of the sample; we invited back only those who lived
in the UK (approximately 350, giving a response rate of about 38%). We obtained the other
56% from Prolific, where we advertised for participants diagnosed as autistic, over age 18,
fluent in English and living in the UK. Of the whole autistic sample, just under half (144) had

been assigned male at birth; of these, 94% identified as cisgender men, 3.5% as non-binary,

and the remainder chose not to report their gender. Of the 160 participants who reported
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having been assigned female at birth, 86.9% identified as cisgender women, 9.4% as non-
binary and .6% as transgender men, with the remainder choosing not to report their gender.
We applied inclusion criteria where inclusion in the study was on the basis of self-reporting a
formal autism diagnosis. Most participants were diagnosed as adults (average age 28.6 [SD:
13.3] and 28.2 [SD: 17.2] in people assigned male and female at birth respectively).
Altogether, 203 autistic (66.8% of the autistic sample) reported some lifetime experience of

NSSI?. Of these, 61.8% were assigned female at birth.

We recruited autistic participants between January 2022 and July 2022, and began recruiting
age- and sex-matched non-autistic participants on Prolific when 74% of the autism data was
collected, in the period between May and July 2022. Initially, we advertised for cisgender
UK-based men and women who had never received a diagnosis of autism or ADHD. When
we had recruited 76% of the non-autistic group, we implemented a change in recruitment
strategy. We did this because a high proportion of the autistic group reported recent and/or
sustained engagement in NSSI, while only 19% of non-autistic people recruited at that point
endorsed any experience of NSSI. To create more equivalent groups, we purposively
screened for non-autistic men and women with some experience of NSSI. The final group
comprised 289 non-autistic participants. Of them, 147 indicated they had been assigned male
at birth (with 146 cisgender, and 1 participant non-binary). All 142 participants who indicated
they had been assigned female at birth identified as cisgender. Of the non-autistic group, 113
(39.1%) reported some lifetime experience of NSSI; of that 113, 50% had been assigned

female at birth.

2 Approximately half (44%) of our autistic participants had participated in previous research by our group,
some of which concerned NSSI. There were, however, no significant differences in lifetime incidence of NSSI (p
=.197) or range of NSSI behaviours (p = .337) between autistic participants recruited from Prolific vs. our
previous studies.
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We conducted a power analysis, using the ‘simr' v1.0.5 package (53) and based on 5,000
Monte Carlo simulations, which showed that 280 in each group would provide sufficient
power (1-B > 0.85, a =0.05) to detect effects of even small sizes (r = 0.1). The demographic
information of the groups are shown in Table 2, along with their scores in major study

variables.

Table 2

Participant demographics and scores in major study variables

Autistic group Non-autistic group

(n=304) (n=289)

Average age (years) 37.2 (13.1), 38.8 (12.4)
18-73 18-73

Ethnicity:
% Caucasian/White 85.5 88.2
% Black | Mixed race 23153 1]3.1
% Other | No response 2149 35142
Educational attainment:
% Vocational training 23 5.9
% GCSE:s or equivalent 12.2 15.2
% A-Levels or equivalent 14.8 22.8
% Bachelors degree (obtained or studying for) 42.4 39.5
% Postgraduate qualifications 24.7 15.2
% None reported / Rather not say 3.6 1.4
Neurodevelopmental conditions
% ADHD / ADD 17.1 0
% Dyslexia | Dyspraxia 8.219.5 T3
% Other specific learning disabilities 43 3

Psychiatric conditions

% Depression | Generalised or other anxiety disorder 6.3]158 6.6 4.5
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% Combined depression and anxiety 33.9 13.5
% PTSD / complex PTSD 8.2 1.7
% Eating disorders | OCD 7917.6 7121
% Personality disorders 6.6 2.1
% Bipolar / schizophrenia spectrum disorders 2609 1413
% Single psychiatric condition 19.4 11.8
% Two psychiatric conditions 27 11.4
% 3+ psychiatric conditions 14.5 3.5
% No diagnosed psychiatric conditions reported 39.1 73.3

Average scores in study variables:

Cognitive empathy 27.7(9.8), 6-52 31.6 (8), 1-55
Emotional empathy 34.2 (9.3), 2-52 34.2 (8.1), 9-54
ERS Total 56.6 (17.4), 12-84 38.2(19.5), 2-84
Patient Health Questionnaire-9 12.4 (7.3), 0-27 7.8(6.4),0-27

Note. Scores for major study variables include the Interpersonal Reactivity Index (IRI), Emotion Reactivity
Scale (ERS), and the Patient Health Questionnaire-9 (PHQ-9). Where averages are shown, standard deviations

are provided in brackets, range in italics.

Materials and procedure

The study was approved by the Ethics Panel of the Faculty of Science and Technology at
Bournemouth University (ID 39520). All participants gave fully informed consent to take
part, and for their anonymous data to be published. After consenting to participate,

participants completed an online survey (approximately 30 minutes), which comprised:
Interpersonal Reactivity Index (IRI)

The IRI*** is a popular multidimensional measure of empathy. The four 7-item scales reflect
the tendency to be emotionally affected by fictional characters and situations (Fantasy); the
tendency to imagine other people’s perspectives, regardless of accuracy (Perspective-

Taking); the tendency to feel “other-orientated” emotions such as concern, sympathy or
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compassion in response to others’ distress (Empathic Concern); and the tendency to
experience “self-orientated” distress, anxiety or discomfort in response to others’ distress
(Personal Distress). On a 5-point Likert scale, higher scores reflect higher tendencies in each
subscale. In accordance with bidimensional conceptions of empathy,> researchers often
aggregate Fantasy and Perspective-Taking scales as a measure of cognitive empathy (CE),
and Empathic Concern and Personal Distress to reflect emotional empathy (EE) (e.g. °"%).
As per previous reports,”® these aggregations of CE and EE had high internal consistency in
our samples (for autistic and non-autistic participants respectively, oo = .83 and .82 for CE;
and .83 and .82 for EE). While the literature base on assessment of empathy in autistic

populations is inadequate, the IRI emerges as superior to some contemporaries in what little

psychometric information is available.®

Prior to analysis, to make our results more comprehensible in terms of population norms, we
standardised CE and EE (dividing CE and EE by the standard deviation of the sample, and
centring them based on the mean of the non-autistic group?). Since we assume patterns of
empathy to differ in autistic vs. non-autistic people, centring by the mean of the non-autistic
group makes it easier to interpret these differences on a scale of all participants. This resulted

in standardised scores for CE and EE that are relative to the mean of the non-autistic group.
Emotion Reactivity Scale (ERS)

The 21-item ERS? captures an individual’s tendency to experience emotions frequently and
easily (Sensitivity, 8 items), strongly (Arousal/Intensity, 10 items), and for prolonged periods
(Persistence, 3 items). Higher scores reflect high emotion reactivity. The scale has strong
psychometric properties and convergent and criterion-related validity with related scales and

physiological measures.®! It has been robustly used in research on NSSI and suicidality

3 This methodological choice stems from constraints of the current research (see Limitation section) and does
not imply any value judgment.
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(e.g.%%), though has not yet been validated in autistic samples. We used the total score, which

had high internal consistency in autistic and non-autistic groups (o = .94, .96 respectively).
Non-Suicidal Self-Injury Assessment Tool (NSSI-AT)

The NSSI-AT® is a comprehensive battery which assesses the type, frequency, recency,
severity and functional purpose of self-injurious behaviours. From this we derived the
primary variable of our analysis, lifetime incidence of NSSI, which we coded so that scores
ranged from participants having never engaged in NSSI (0), having tried it once (1), to
having engaged in NSSI two to three times (2), four to five times (3), six to ten times (4),
eleven to twenty times (5), twenty-one to fifty times (6), more than 50 times (7). The NSSI-
AT, while popularly used in autism studies interested in differentiating between suicidal and

non-suicidal self-injury,'®!7-?82 has not been validated in autistic people.
Patient Health Questionnaire-9 (PHQ-9)

Because depression is a robust correlate of NSSI and was observed to be associated with
empathic disequilibrium,! we controlled for depressive symptoms so as to isolate
relationships between the other two. Scores for the PHQ-9% range between 0-27, with § the
recommended cut-off for major depressive disorder®®: 205 autistic and 117 non-autistic
participants scored at or above cut-off. The PHQ-9 has recently been validated in autistic
people®; internal consistency was equally high in autistic and non-autistic participants (o =

91).

Analysis

Only three participants did not complete the PHQ and the ERS. The remaining participants

completed all primary variables, resulting in a very small amount of missing data, which we
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replaced by calculating the sample mean of these variables. We undertook an initial
descriptive analysis (Supplementary Materials) to characterise the features of NSSI, and
relationships between these features, in just those participants who endorsed some lifetime

history of NSSI.

As per previous research on empathic disequilibrium!-

, we used polynomial
regression with response surfaces analysis (PRRSA), a means of estimating the similarity and
dissimilarity between two variables of interest (in this instance, equilibrium and
disequilibrium between CE and EE) and an outcome variable®’. We describe the results of the
PRRSA by four parameters that estimate the linear (al = CE + EE) and non-linear (a2 = CE?
+ CE x EE + EE?) association of overall empathy and the outcome; and the linear (a3 = CE -
EE) and non-linear (a4 = CE?- CE x EE + EE?) association of empathic disequilibrium with
the outcomes. Accordingly, a negative correlation with a3 suggests a tendency towards EE-

dominance to be related to the outcome, while a positive correlation with a3 suggests a

tendency towards CE-dominance to be related to the outcome.

To initially test whether previously reported associations between autism and
empathic disequilibrium?® could be replicated, we conducted a logistic PRRSA with autism
diagnostic status as a binary outcome. We were not focused on sex or gender differences, but
as these factors were found to be related to empathic disequilibrium,' it was important for us
to examine whether the polynomial regression differed between people assigned male or

female at birth*. As this previous work suggested an autism diagnosis to be related to EE-

4 While most autistic and non-autistic participants were cisgender, our groups categorised by sex assigned at
birth did include individuals whose gender identity did not align with their sex assigned at birth. We did not
want to exclude individuals who had been kind enough to participate, which is why we kept non-binary or
transgender participants in the analysis. However, these categories — assigned male/female at birth — must be
recognised in the broadest terms and NOT assumed to represent ‘men’ and ‘women’.
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dominance, 1/OR is reported for a negative association with empathic disequilibrium,

allowing for easier interpretation of the results.

Next, we tested the hypotheses that empathic disequilibrium would be associated with
emotional reactivity, and through this mediator, lifetime incidence of NSSI. We conducted
multigroup analyses to examine whether these models differed by group (autistic/non-autistic
people), or by sex assigned at birth. We examined any models that statistically differed by
group and/or by sex assigned at birth separately. To account for the possible relationship

between depression and NSSI, we controlled for PHQ scores in all analyses.

To examine the mediation, we followed the guidelines proposed by Yzerbyt, Muller,
Batailler, Judd ®® Specifically, we examined the significance of the association between the
PRRSA parameters and emotional reactivity (path A) and the association between emotional
reactivity and NSSI (path B). We used the product of paths A and B to estimate the indirect
path (path AB), with 95% confidence intervals calculated using Monte-Carlo resampling of
10,000 samples. We performed all analyses in R v4.1.2 . We used ‘lavaan’ package v0.6.9
0'to assess the PRRSA parameters, conduct the mediation analyses, and perform the
multigroup analyses; the MonteCarloCI function of the ‘semTools’ package v.0.5-5 for
resampling ’'; and the plotRSA function of the ‘RSA’ package v0.10.4 7 to plot the response
surfaces. Data, codes, and materials are available on request. Notedly, where we use
conventional statistical language of ‘prediction’ in above analyses, our cross-sectional design

means that relationships reflect associations rather than implying causal directionality.



We display the lifetime incidence of NSSI in autistic and non-autistic participants with

Results
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experience of NSSI, the types of NSSI engaged in and the recency of last NSSI incident, in

Figure 1. Findings from our initial descriptive analysis (see Supplementary Materials) gave

the impression that autistic self-injury, in particular, might occur with increased variability

and unintended severity, indicative of emotional dysregulation.

Figure 1

Features of NSSI in autistic

and non-autistic participants
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Note. Part A depicts the lifetime incidence of NSSI in those participants with any history of NSSI engagement
(66.8% of autistic, 39.1% of non-autistic participants). In this same group, Part B depicts the percentage of
participants who endorsed ever having engaged in the listed behaviour; all behaviours listed are categories in the
NSSI-AT with the exception of ‘Hair-pulling/ripping’, which was entered in a free-text box by a number of
participants. Part C depicts the recency of NSSI behaviour in those with any history of NSSI; note that 1.5% of
autistic participants declined to answer this question. Throughout, autistic participants are represented by

patterned/textured bars/boxes, non-autistic participants by plain grey.

Empathic disequilibrium as a predictor of autism

We found that the overall model predicted autism diagnostic status (Nagelkerke R? = .26, p <
.001) as we show in Figure 2. As we hypothesized, empathic disequilibrium towards EE-
dominance was linearly related to autism diagnostic status (1/OR =4.51, 95% CI = [2.66,
7.63], p <.001). We did not find any curvilinear association with empathic disequilibrium
(OR =1.66, 95% CI =[0.86, 3.17], p = .19). Nor did we find any relationship between
overall empathy and autism diagnostic status, in either linear (OR = .76, 95% CI = [.55,
1.05], p = .13) nor non-linear associations (OR = 1.26, 95% CI=[.97, 1.63], p =.10). We
found no differences related to sex assigned at birth (y* (5, N =593) = 8.34, p = .14), so we

did not include this variable in any further analyses.

Figure 2

Polynomial regression plot predicting autism diagnostic status
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) al: OR=.76

3 a2: OR=1.26

o a3: 1/OR = 4.51***
1 a4: OR = 1.66

Autism diagnosis [log(OR)]

1

0

% coo™

Notes. The black line shows the projection of the empathic disequilibrium line and the blue line shows the
projection of the overall empathy line. Moving away from the centre along the black line towards the left corner
corresponds to surfaces of emotional empathy dominance, while moving towards the right corner corresponds to
cognitive empathy dominance. Likewise, moving up along the blue line represents areas of higher overall
empathy. The log(OR) of an autism diagnosis is represented by colours, with green indicating a lower

probability and red indicating a higher probability. *** p < .005.

Empathic disequilibrium as a predictor of NSSI via emotional reactivity

We next aimed to assess the mediation model. For convenience and transparency, we
describe unstandardised estimates (b), their confidence intervals, and full p-values of the
surface parameters within the text as well as all parameters of the mediation analyses (AB
path). We display standardized estimates (f) in the corresponding figures. We found no
differences in the mediation pathway between people assigned male and female at birth (2

(1, N=590)=2.98, p = .08). Yet, as we observed different pathways for autistic and non-
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autistic people (y2 (2, N=1590) =20.11, p <.001), we analysed the mediation model

separately for autistic and non-autistic people. We display the parameters of the polynomial

regression for all models in Supplementary Materials.

Autistic participants

The mediation model in autistic people had excellent fit indices, x> (1) = 1.02, p =
312; y*/df = 1.02; normed fit index (NFI) = .99; comparative fit index (CFI) = 1.00; root

mean square error of approximation (RMSEA) =.009. We display a summary of the results

in Figure 3.

Figure 3

Mediation model predicting lifetime incidence of NSSI in autistic people

A Emotional
Reactivity
A path B path
al: =20 (.05 = .18 (.008)*
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C path C’ path
al: =.15(.14) al: B=.11(23)
a2: B=-.01(.90) — agr g = gg E?g;
3: B =-.35 (.02 a3: f=-23( —
Empathy and :4_. g= 29 ((_13)) ad: f=-21(.16) Lifetime
empathic > incidence of
disequilibrium NSSI
B — c

Lifetime incidence of NSS!
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Notes. Part A depicts a plot of the association between the response surface parameters and lifetime NNSI and
its mediation by emotional reactivity in autistic people. The reported parameters represent the linear (al) and
non-linear (a2) association between overall empathy and the outcome, as well as the linear (a3) and non-linear
(a4) association between empathic disequilibrium and the outcome. Standardized coefficients are depicted as
well as p-values (in parenthesis); significant associations are marked by asterisks representing * p < .05, ** p <
.01, *** p <.005. Part B depicts response surface plots for the total effect (C path); Part C depicts the
association with emotional reactivity (A path). In Parts B and C, the black lines in the response surface plots

represent empathic disequilibrium, and the blue line represents overall empathy.

First, we found the total effect (without controlling for emotional reactivity; C path in
Figure 3A, and Figure 3B) of empathic disequilibrium (towards EE-dominance) to be linearly
related to lifetime incidence of NSSI (ba3 = -.990, 95% CI [-1.81, -.17], p = .02). We found no
linear association between overall empathy and lifetime incidence of NSSI (ba1 = .41, 95% CI
[-.13, .95], p = .14), and no non-linear association for either overall empathy or empathic

disequilibrium.

We found that empathic disequilibrium with a tendency towards EE-dominance was
also linearly related to emotional reactivity (b =-11.09, 95% CI [-16.16, -6.02], p <.001; Figure
3A — A path, and Figure 3C), which was associated with lifetime incidence of NSSI (b =.031,
95% CI [.01, .05], p = .008; Figure 3A — B path). As suggested by the indirect effect, the
association between empathic disequilibrium and NSSI was fully mediated by emotional
reactivity (fas = -.12, AB estimate = -.34, 95% CI [-.70, -.07]), and became non-significant
after controlling for emotional reactivity (b3 =-.65, 95% CI [-1.50, .19], p = .13; Figure 3A —

Path C’).

Non-autistic participants
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The mediation model in non-autistic people also revealed excellent fit indices, y* (1) =

40, p = .52; ¥*/df = .40; normed fit index (NFI) = 1.00; comparative fit index (CFI) = 1.00;

root mean square error of approximation (RMSEA) =.0001. We display a summary of the

results in Figure 4.

Figure 4

Mediation model predicting lifetime incidence of NSSI in non-autistic people

A Emotional
Reactivity
A path B path
al: B=.31(<.001) B = .30 (<0.001)**
a2: B=.15 (.06)
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ad: f=.20 (.20)
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al: f=.14 (.03)* al: §=.04 (.40)
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Empathy and :4:‘;: 24 5_13; ad: = 18 (.26) Lifetime
empathic incidence of
disequilibrium NSSI

B ; C

Lifetime incidence of NSS!
ERS Score

Notes. Part A shows a plot of the association between the response surface parameters and lifetime NSSI and its
mediation by emotional reactivity in non-autistic people. The reported parameters represent the linear (al) and
non-linear (a2) association between overall empathy and the outcome, as well as the linear (a3) and non-linear
(a4) association between empathic disequilibrium and the outcome. Standardized coefficients are depicted as

well as p-values (in parenthesis), where significant relationships are indicated at * p < 0.05, ** p <0.01, *** p <
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0.005. Part B reflects response surface plots for the total effect (C path); Part C reflects the association with
emotional reactivity (A path). In Parts B and C, the black lines in the response surface plots represent empathic

disequilibrium, and the blue line represents overall empathy.

Unlike the model for autistic people, without controlling for emotional reactivity (C
path in Figure 4A and Figure 4B), we found that empathic disequilibrium was unrelated to
lifetime incidence of NSSI either linearly (ba3 = .36, 95% CI [-.26, .97], p = .25) or non-linearly
(bas = .55, 95% CI [-.25, 1.36], p = .18). In contrast, greater overall empathy was linearly
associated with higher lifetime incidence of NSSI (ba1 = .43, 95% CI [.03, .82], p = .03). We

found no non-linear association for overall empathy (b.> = .11, 95% CI [-.21, .43], p = .51).

Greater overall empathy was also related to greater emotional reactivity, which in turn
was associated with greater lifetime incidence of NSSI (b =.04, 95% CI [.02, .06], p <.001; A
path in Figure 4, and Figure 4C). Emotional reactivity fully mediated the association between
overall empathy and lifetime incidence of NSSI (fas = .09, AB estimate = .43, 95% CI [.04,
.81]), which became non-significant after controlling for emotional reactivity (ba1 = .16, 95%

CI[-.21, .54], p = .40; path C’ in Figure 4A).

Although we did not find a significant total effect between empathic disequilibrium and
lifetime incidence of NSSI, empathic disequilibrium was linearly related to emotional
reactivity as we previously saw for autistic people (ba3 = -10.23, 95% CI [-13.73, -6.72], p <
.001; Path A in Figure 4A, and Figure 4B). After controlling for emotional reactivity (path C’
in Figure 4A), a linear association emerged between empathic disequilibrium towards CE-
dominance and lifetime incidence of NSSI (fas = -.14, AB estimate = -.41, 95% CI [-.66, -

20]; bas = .77, 95% CI [.16, 1.38], p = .01).
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Discussion

In the present study, we aimed to investigate empathic disequilibrium as a predictor of
emotional reactivity, and through that, NSSI in autistic and non-autistic people. We first

replicated previous findings of high incidence of NSSI in autistic individuals'®'7;

an
association between EE-dominant empathic disequilibrium, but not overall empathy, with
being autistic’; and an association between EE-dominant empathic disequilibrium and
emotional reactivity.! We further found that in autistic people, empathic disequilibrium was
related to greater lifetime incidence of NSSI through emotional reactivity. While these

relationships must be interpreted cautiously given their cross-sectional nature, we did not

observe this pathway in non-autistic people.

In this study, we replicated the finding that the likelihood of a self-reported autism
diagnosis linearly increased with greater imbalance of EE over CE.? This corroborates
numerous accounts of autistic people telling of empathic emotions that are overwhelming and
incapacitating.**>° As a concept, empathic disequilibrium opposes traditional academic
approaches to empathy in autistic people, who have historically been assumed to exhibit
impaired CE (the status of EE being more variable). This literature is dogged with
inconsistencies across studies and measurement tools,”® but has unfortunately translated into
the common and stigmatizing belief that autistic people ‘lack” empathy.**>> The growing
body of literature on empathic disequilibrium challenges this myth, as does our finding that
autistic people did not differ, i.e. showed no ‘deficits’, in overall empathy. Rather, an autism
diagnosis was predicted by experiencing the emotions of others to an intense, potentially

distressing extent.
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Broadening our understanding of the links between empathic disequilibrium and
autism, we observed that in autistic people, empathic disequilibrium towards EE-dominance
was associated with greater emotional reactivity. This finding, recently seen in non-autistic
people,! is reflective of the typical dynamic interplay between empathic processes during
social interaction. Where cognitive understanding of another’s emotions serves to down- or
up-regulate an empathic emotional response to said emotion,>**° this regulatory process
would be less effective in individuals with stronger EE than CE, who regardless of their
empathy levels, might instead experience hyperarousal due to the relatively lower cognitive
understanding of those emotions. In this regard, reflecting the imbalance between EE and CE,
empathic disequilibrium may be an index of empathic emotional reactivity and/or
dysregulation, as indeed suggested by previous studies linking empathic imbalance and

functional underconnectivity with anxiety.!:*

While these findings are preliminary, it may be possible to gain additional insights
into potential mechanisms underlying NSSI in autistic people through the link between
empathic disequilibrium and emotional reactivity. Specifically, we showed that imbalance
towards EE-dominance was, through heighted emotional reactivity, associated with greater
lifetime incidence of NSSI. It is possible that difficulties with empathic emotion regulation,
as seemingly manifested here in empathic disequilibrium, are a reflection of general
difficulties with emotion regulation which have been linked with NSSI in autistic people.'®
However, it is also possible that empathic emotion regulation difficulties compound or are
additive to effects of interpersonal emotion regulation difficulties on mental health. Another
step in a causal chain may lie in the difficulties in interpersonal situations which can arise as
a result of the hyperarousal associated with EE-dominance.?* While there are still few first-

hand accounts of NSSI in autistic people, we know that interpersonal conflict and the



Accepted manuscript 26

person’s perception of having made interpersonal faux pas can be close proximal triggers for

NSSI in non-autistic people.”

Interestingly, we found that a different model emerged in non-autistic people,
suggesting differences in the mechanisms leading up to NSSI. While EE-dominant empathic
disequilibrium was associated with emotional reactivity as in autistic people, this was also
true of overall empathy in non-autistic people: moreover, in this group, only overall empathy,
not EE-dominance, was indirectly associated with NSSI through the mediator of emotional
reactivity. While empathic disequilibrium showed no direct association with NSSI in non-
autistic people, controlling for emotional reactivity as a mediator revealed an additional
effect, though, where empathic disequilibrium towards higher CE was directly associated
with NSSI. We showed in previous research that empathic disequilibrium towards CE was
associated with cognitive autistic features (such as detail orientation),>* to depression, and to
psychopathic traits.! Interestingly, a similar relationship between CE-dominance and
psychopathic traits was ‘masked’ or suppressed by emotional reactivity,' just as controlling
for emotional reactivity in the present data revealed the relationship between CE-dominance
and lifetime NSSI in non-autistic people. This suggests that for non-autistic people,
experiencing understanding of others' emotions accompanied by a dampened emotional
response might be related to distress and feelings of disconnectedness, which may act as an
alternative pathway to engaging in NSSI. While this explanation requires further
investigation, it would appear consistent with associations observed between feelings of

loneliness, desire to avoid social contact by being alone, and NSSI.!-7¢

While they might shed light on precipitating or risk factors for NSSI in autistic and
non-autistic people, these preliminary findings and interpretations require replication and
extended exploration in longitudinal designs, particularly given that NSSI can itself

exacerbate psychopathology, emotion-related and interpersonal difficulties.>’” However, our
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findings invite broader speculation on how empathic processes, most notably interpersonal
emotion regulation, might relate to NSSI and possibly to other aspects of psychopathology
traditionally linked to intrapersonal emotion regulation, such as disordered eating and

substance use.**’® They are supportive of previous suggestions that the way autistic people

experience their own emotions has important clinical implications,”**

and suggest this
importance is extended to the way autistic people experience other people’s emotions, too.

This has important social implications, too, in challenging the idea that autistic people are not

affected by those around them.
Limitations and future directions

While we relied on theoretical considerations when modelling the relationship between
empathic disequilibrium and NSSI through emotion reactivity, cross-sectional data cannot
point to causal pathways or infer directionality. Therefore, future research would benefit from
employing longitudinal designs and/or examining how interventions to reduce empathic
disequilibrium may ameliorate NSSI. While we attempted to capture empathic processes via
self-report, there are many open questions in terms of how these processes operate in real-
time. For autistic people, for instance, it is unclear how EE-dominance might manifest: for
instance, whether EE processes are faster and/or more automatic than CE processes, and how
this might manifest physiologically (for instance, in heart rate and neural activity) and in
subjective awareness (e.g. feelings of distress or exhaustion). Additionally, our assessment of
empathic disequilibrium using current CE and EE measures necessitated relying on non-
autistic individuals as a population norm, potentially limiting our inferences This underscors
the need for designing direct measures of empathic disequilibrium. Experimental approaches
might also afford better understanding of the dynamic interaction between empathic
processes in day-to-day, ecologically valid interpersonal contexts. Qualitative, creative and/or

participatory approaches, too, would afford understanding of the phenomenological
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experience of having relatively stronger emotional than cognitive empathy. While empathy
has been a topic of considerable discussion within the autism and autistic community,*->2
what it feels like to experience another person’s emotions, and the perceived impact and
repercussions of that experience, have not been the focus of targeted investigation. Such an

investigation should be co-produced from origin, since autistic perspectives would inform

how best to access the inner experiences of autistic people.

As pertains to the operationalization of our key variables, only the PHQ-9 has been validated
in autistic people.®® While there is little psychometric information about the IRI’s properties
in autistic people, a recent COSMIN review suggests the measure emerges as superior to
other commonly used scales in this population.®® The ERS has not been validated in autistic
people, and there is theoretical debate as regards the separability of emotion reactivity and
emotion (dys)regulation.’ Like other scholars, we adopt a theoretical stance where being
emotionally reactive is synonymous to being emotionally dysregulated (and hence pertinent
to the literature connecting NSSI and emotion regulation), but we did not measure emotion
regulation or attempt to differentiate the two. Moreover, the ERS provides an index of
general emotional reactivity across contexts, while we link empathic disequilibrium,
conceptually, to interpersonal emotional reactivity (and regulatory processes). At present,
there is no validated means to operationalise empathic emotion reactivity and/or regulation,
or to distinguish these interpersonal from intrapersonal processes; their relationship to one

another is a critical query for future research.

In relation to NSSI, we used the NSSI-AT, a scale derived from bibliographic review and
interviews with self-harming individuals and experts. While it has not been validated in
autistic people, there has been a broader lack of focus on validating instruments to assess
NSSI, with the same true for this scale.®! This issue may be particularly pertinent to sections

of the NSSI-AT not used in this study, such as the section assessing the functional purpose of
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NSSI behaviours. In relation to this, our index of lifetime incidence incorporated al/ lifetime
NSSI behaviours, regardless of their functional purpose. Our model, in contrast, approached
NSSI through the lens of emotional mechanisms. While our findings are supportive of
emotion regulation as a major driver of NSSI,*!*? there are other motivations for NSSI and
hence some forms of NSSI where the reported relationships may not apply. There is need to
develop rigorous means of assessing the forms and functional purposes of NSSI in autistic

people, a need which highlights how little we still know.

Unfortunately, we were unable to confirm or validate diagnoses in our autistic sample.
Certain individuals within the autistic community were excluded, most notably those who
self-identify but are not yet diagnosed, those with severe intellectual and/or communication
impairments, and those with low computer-literacy and/or who did not have had access to
electronic devices to complete the study (also excluded from the non-autistic group). Certain
minorities were underrepresented, including autistic people of colour, non-binary, and
transgender people; indeed, we did not try to understand empathic differences that might exist
between autistic people of different sexes and genders. Our autistic sample were highly
qualified, as is typical of sampling from online channels but not highly representative of the
whole autistic community.®? In that most autistic participants were diagnosed as adults, their
profile was likely that of individuals with fair-to-strong camouflaging abilities, those who
often exhibit higher than population average executive function and language skills.®> While
there is evidence to suggest that NSSI may be particularly common in late-diagnosed autistic
people,3* our findings concerning NSSI in these participants may not generalise to NSSI

which occurs in other autistic people.

Our non-autistic participants were well-matched to autistic participants for age and sex, but
there were several potential confounding variables that might have contributed to differences

between groups. While we controlled for depression, we did not control for other psychiatric
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conditions that might have affected empathic processes or contributed to differences between
autistic and non-autistic people. Although a form of neurodivergence rather than a psychiatric
condition, ADHD has also been linked with empathic differences.®*> Given the high co-
occurrence of ADHD and autism, we screened out non-autistic participants with diagnosed
ADHD so that we might reduce the likelihood of including undiagnosed autistic people in our
“non-autistic group”; in not applying the same exclusion criteria to the autistic group, we may
have introduced an uncontrolled difference between groups that could have influenced the

findings.

In general, differing recruitment approaches to autistic and non-autistic groups should be

86.87 our non-autistic

avoided. While Prolific compares favourably to other online platforms,
participants might not represent random sampling from the general population, especially
given our partial use of a purposive approach for individuals with experience of NSSI. While
we did manage to recruit a small proportion of non-autistic individuals who engaged in NSSI
through general advertising, the purposive approach seeking NSSI experience would be
expected to draw participants with more extreme forms of NSSI, who would accordingly be
expected to have greater lifetime psychopathology and suicidality. Within a bimodal non-
autistic self-harming group, purposively-recruited individuals could hence bear greater
resemblance to autistic participants in NSSI behaviour and correlates of the same. That we
still observed different relationships between NSSI and empathic processes in autistic and

non-autistic groups suggests that the presence of two subgroups within the non-autistic group

did not affect these main findings, but we cannot rule this out.

Finally, we were unfortunately unable to implement a more participatory design due to
funding and time constraints. While the research team did include autistic people, future
research in this area should ideally be collaborative and co-produced with autistic people

from more diverse backgrounds.
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Conclusions

Our study investigated the links between empathic disequilibrium and NSSI in autistic and
non-autistic people. The findings suggest that there are different mechanisms underpinning
NSSI in autistic and non-autistic people, though the findings require replication in directional
designs. Nonetheless, these findings challenge the stereotype of autistic people as
unempathetic, suggesting instead that autistic people experience emotional hyperarousal in
response to the emotions of others; moreover, that the greater the empathic imbalance
towards emotional empathy, the more hyper-aroused they are and through that more
vulnerable to engaging in self-injury. Given the paucity of empirical literature concerning the
way that autistic people experience the emotions of other people, our findings suggest this
may be of relevance to psychopathology in this as well as other groups. More broadly, they
corroborate the importance of emotion processes, which are typically only considered
through an intrapersonal lens, to psychopathology in autistic and non-autistic people.
Interpersonal emotion processes may bear relevance not only to NSSI, but other difficulties

associated with emotional dysregulation.

Acknowledgements

The authors gratefully thank our participants for their time, and thank our institutions for the

internal funding which made this work possible.

Authors contributions

All four authors contributed to the conceptualisation of and resources for the study and

reviewing and editing the manuscript. IS and FU developed the methodology and IS was



Accepted manuscript 32

responsible for software and programming. RLM, FU and IS were responsible for
investigation and visualisation of results. RLM and IS curated the data, conducted formal
analysis, and wrote the original draft. RLM and FU were responsible for funding acquisition,

project supervision and administration. All authors read and approved the final manuscript.

Confflicts of interests

RLM is a deputy editor at Autism in Adulthood. Otherwise, the authors have no financial or

non-financial competing interests.

Funding

The study received internal institutional funding granted to RLM and FU.

Availability of data and materials

Participants did not provide consent for data to be hosted in publicly available repositories.

However, data, codes, and materials are available on reasonable request.

References

1. Shalev |, Eran A, Uzefovsky F. Empathic disequilibrium as a new framework for
understanding individual differences in psychopathology. Front Psychol. 2023;14:2045.

2. Shalev |, Uzefovsky F. Empathic disequilibrium in two different measures of empathy
predicts autism traits in neurotypical population. Mol Autism. 2020;11:1-13.

3. Shalev |, Warrier V, Greenberg DM, et al. Reexamining empathy in autism: Empathic

disequilibrium as a novel predictor of autism diagnosis and autistic traits. Autism Res.
2022;15(10):1917-1928.

4, Iskric A, Ceniti AK, Bergmans Y, Mclnerney S, Rizvi SJ. Alexithymia and self-harm: A review of
nonsuicidal self-injury, suicidal ideation, and suicide attempts. Psychiatry Res.
2020;288:112920.

5. Robinson K, Garisch JA, Kingi T, et al. Reciprocal risk: The longitudinal relationship between
emotion regulation and non-suicidal self-injury in adolescents. J Abnorm Child Psychol.
2019;47:325-332.

6. Kandsperger S, Schleicher D, Ecker A, et al. Emotional reactivity in adolescents with non-
suicidal self-injury and its predictors: a longitudinal study. Frontiers in Psychiatry. 2022;13.



10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24,

25.

Accepted manuscript 33

Abramson L, Uzefovsky F, Toccaceli V, Knafo-Noam A. The genetic and environmental origins
of emotional and cognitive empathy: review and meta-analyses of twin studies.
Neuroscience Biobehavioral Reviews. 2020;114:113-133.

Nock MK, Wedig MM, Holmberg EB, Hooley JM. The emotion reactivity scale: development,
evaluation, and relation to self-injurious thoughts and behaviors. Behav Ther.
2008;39(2):107-116.

Gross JJ, Jazaieri H. Emotion, emotion regulation, and psychopathology: An affective science
perspective. Clinical Psychological Science. 2014;2(4):387-401.

Steenfeldt-Kristensen C, Jones CA, Richards C. The prevalence of self-injurious behaviour in
autism: A meta-analytic study. J Autism Dev Disord. 2020;50(11):3857-3873.

Blanchard A, Chihuri S, DiGuiseppi CG, Li G. Risk of self-harm in children and adults with
autism spectrum disorder: a systematic review and meta-analysis. JAMA Network Open.
2021;4(10):e2130272-e2130272.

Stark |, Rai D, Lundberg M, et al. Autism and self-harm: A population-based and discordant
sibling study of young individuals. Acta Psychiatr Scand. 2022;146(5):468-477.

Daukantaité D, Lundh L-G, Wangby-Lundh M, et al. What happens to young adults who have
engaged in self-injurious behavior as adolescents? A 10-year follow-up. European Child
Adolescent Psychiatry. 2021;30:475-492.

Stewart GR, Corbett A, Ballard C, et al. Self-harm and suicidality experiences of middle-age
and older adults with vs. without high autistic traits. J Autism Dev Disord. 2022;53:3034-
3046.

Goldfarb Y, Zafrani O, Hedley D, Yaari M, Gal E. Autistic adults’ subjective experiences of
hoarding and self-injurious behaviors. Autism. 2021;25(5):1457-1468.

Moseley RL, Gregory NJ, Smith P, Allison C, Baron-Cohen S. A ‘choice’, an ‘addiction’, a way
‘out of the lost’: exploring self-injury in autistic people without intellectual disability. Mol
Autism. 2019;10(1):1-23.

Maddox BB, Trubanova A, White SW. Untended wounds: Non-suicidal self-injury in adults
with autism spectrum disorder. Autism. 2017;21(4):412-422.

Brown AC, Latham C, Danquah AN, Dunlop BJ, Taylor PJ. “Cover up your arms, you’re
triggering people”: A Mixed-Methods Investigation of Shame in those who Self-Injure.
Psychology and Psychotherapy: Theory, Research and Practice. 2022;95(3):701-716.
Staniland L, Hasking P, Lewis SP, Boyes M, Mirichlis S. Crazy, weak, and incompetent: a
directed content analysis of self-injury stigma experiences. Deviant Behavior. 2022:1-18.
Borschmann R, Becker D, Coffey C, et al. 20-year outcomes in adolescents who self-harm: a
population-based cohort study. The Lancet Child Adolescent Health. 2017;1(3):195-202.

De Luca L, Giletta M, Menesini E, Prinstein M. Reciprocal associations between peer
problems and non-suicidal self-injury throughout adolescence. Journal of Child Psychology
and Psychiatry. 2022;63(12):1486-1495.

Buelens T, Luyckx K, Gandhi A, Kiekens G, Claes L. Non-suicidal self-injury in adolescence:
Longitudinal associations with psychological distress and rumination. J Abnorm Child Psychol.
2019;47(9):1569-1581.

Zhu J, Chen Y, Su B. Non-suicidal self-injury in adolescence: Longitudinal evidence of
recursive associations with adolescent depression and parental rejection. J Adolesc.
2020;84:36-44.

Gili M, Castellvi P, Vives M, et al. Mental disorders as risk factors for suicidal behavior in
young people: A meta-analysis and systematic review of longitudinal studies. J Affect Disord.
2019;245:152-162.

Kiekens G, Hasking P, Boyes M, et al. The associations between non-suicidal self-injury and
first onset suicidal thoughts and behaviors. J Affect Disord. 2018;239:171-179.



26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

Accepted manuscript 34

Kiekens G, Claes L, Hasking P, et al. A longitudinal investigation of non-suicidal self-injury
persistence patterns, risk factors, and clinical outcomes during the college period. Psychol
Med. 2022:1-16.

Moseley RL, Gregory NJ, Smith P, Allison C, Baron-Cohen S. Links between self-injury and
suicidality in autism. Mol Autism. 2020;11(1):1-15.

Cassidy S, Bradley L, Shaw R, Baron-Cohen S. Risk markers for suicidality in autistic adults.
Mol Autism. 2018;9(1):42-42.

Moseley RL, Gregory NJ, Smith P, Allison C, Cassidy S, Baron-Cohen S. Non-suicidal self-injury
and its relation to suicide through acquired capability: investigating this causal mechanism in
a mainly late-diagnosed autistic sample. Mol Autism. 2022;13(1):45.

Mandy WIA. Six ideas about how to address the autism mental health crisis. In. Vol 26: SAGE
Publications Sage UK: London, England; 2022:289-292.

Kuehn KS, Dora J, Harned MS, et al. A meta-analysis on the affect regulation function of real-
time self-injurious thoughts and behaviours. Nature Human Behaviour. 2022;6(7):964-974.
Taylor PJ, Jomar K, Dhingra K, Forrester R, Shahmalak U, Dickson JM. A meta-analysis of the
prevalence of different functions of non-suicidal self-injury. J Affect Disord. 2018;227:759-
769.

Uzefovsky F, Knafo-Noam A. Empathy development throughout the life span. In: Social
Cognition. Routledge; 2016:89-115.

Shamay-Tsoory SG, Harari H, Aharon-Peretz J, Levkovitz YJC. The role of the orbitofrontal
cortex in affective theory of mind deficits in criminal offenders with psychopathic
tendencies. 2010;46(5):668-677.

Tan KM, Daitch AL, Pinheiro-Chagas P, Fox KC, Parvizi J, Lieberman MD. Electrocorticographic
evidence of a common neurocognitive sequence for mentalizing about the self and others.
Nature Communications. 2022;13(1):1919.

Koush Y, Pichon S, Eickhoff SB, Van De Ville D, Vuilleumier P, Scharnowski F. Brain networks
for engaging oneself in positive-social emotion regulation. Neuroimage. 2019;189:106-115.
Kanske P, Bockler A, Trautwein F-M, Singer T. Dissecting the social brain: Introducing the
EmpaToM to reveal distinct neural networks and brain—behavior relations for empathy and
Theory of Mind. Neuroimage. 2015;122:6-19.

Brett JD, Maybery MT. Understanding oneself to understand others: the role of alexithymia
and anxiety in the relationships between autistic trait dimensions and empathy. J Autism
Dev Disord. 2022;52(5):1971-1983.

Lei Y, Wang Y, Wang C, Wang J, Lou Y, Li H. Taking familiar others’ perspectives to regulate
our own emotion: An event-related potential study. Front Psychol. 2019;10:1419.

Preckel K, Kanske P, Singer T. On the interaction of social affect and cognition: empathy,
compassion and theory of mind. Current Opinion in Behavioral Sciences. 2018;19:1-6.

Yang H-X, Hu H-X, Zhang Y-J, Wang Y, Lui SS, Chan RC. A network analysis of interoception,
self-awareness, empathy, alexithymia, and autistic traits. Eur Arch Psychiatry Clin Neurosci.
2022;272(2):199-209.

Mul C-l, Stagg SD, Herbelin B, Aspell J. The feeling of me feeling for you: Interoception,
alexithymia and empathy in autism. J Autism Dev Disord. 2018;48(9):2953-2967.

Tone EB, Tully EC. Empathy as a “risky strength”: A multilevel examination of empathy and
risk for internalizing disorders. Dev Psychopathol. 2014;26(4pt2):1547-1565.
Gonzalez-Liencres C, Shamay-Tsoory SG, Briine M. Towards a neuroscience of empathy:
ontogeny, phylogeny, brain mechanisms, context and psychopathology. Neuroscience
Biobehavioral Reviews. 2013;37(8):1537-1548.

Smith A. The empathy imbalance hypothesis of autism: a theoretical approach to cognitive
and emotional empathy in autistic development. the Psychological record. 2009;59(3):489-
510.



46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

Accepted manuscript 35

Rogers K, Dziobek I, Hassenstab J, Wolf OT, Convit A. Who cares? Revisiting empathy in
Asperger syndrome. J Autism Dev Disord. 2007;37:709-715.

Dziobek I, Rogers K, Fleck S, et al. Dissociation of cognitive and emotional empathy in adults
with Asperger syndrome using the Multifaceted Empathy Test (MET). J Autism Dev Disord.
2008;38:464-473.

Milton D, Gurbuz E, Lopez B. The ‘double empathy problem’: Ten years on. Autism.
2022;26(8):1901-1903.

Nicolaidis C, Milton D, Sasson NJ, Sheppard E, Yergeau M. An expert discussion on autism
and empathy. Autism in Adulthood. 2019;1(1):4-11.

Fletcher-Watson S, Bird G. Autism and empathy: What are the real links? Autism.
2020;24(1):3-6.

Gillespie-Lynch K, Kapp SK, Brooks PJ, Pickens J, Schwartzman B. Whose expertise is it?
Evidence for autistic adults as critical autism experts. Front Psychol. 2017;8:438.

Jaswal VK, Akhtar N. Being vs. Appearing Socially Uninterested: Challenging Assumptions
about Social Motivation in Autism. Behav Brain Sci. 2018:1-84.

Moseley R, Gregory NJ, Smith P, Allison C, Cassidy S, Baron-Cohen S. The relevance of the
interpersonal theory of suicide for predicting past-year and lifetime suicidality in autistic
adults. Mol Autism. 2022;13(1):1-17.

Davis MH. A multidimensional approach to individual differences in empathy. Catalog of
Selected Documents in Psychology. 1980;10:85.

Davis MH. Measuring individual differences in empathy: Evidence for a multidimensional
approach. J Pers Soc Psychol. 1983;44(1):113.

Decety J, Jackson P. The functional architecture of human empathy. Behav Cogn Neurosci
Rev. 2004;3(2):71-100.

Fan M-h, Hu Y. Status and related factors of empathy in adolescents. Chinese Mental Health
Journal. 2017:879-884.

Gabay Y, Shamay-Tsoory SG, Goldfarb L. Cognitive and emotional empathy in typical and
impaired readers and its relationship to reading competence. J Clin Exp Neuropsychol.
2016;38(10):1131-1143.

Lima FFd, Osorio FdL. Empathy: assessment instruments and psychometric quality—a
systematic literature review with a meta-analysis of the past ten years. Front Psychol.
2021;12:781346.

Harrison JL, Brownlow CL, Ireland MJ, Piovesana AM. Empathy measurement in autistic and
nonautistic adults: A COSMIN systematic literature review. Assessment. 2022;29(2):332-350.
Byrne S, Makol BA, Keeley LM, De Los Reyes A. Psychometric properties of the emotion
reactivity scale in community screening assessments. Journal of Psychopathology and
Behavioral Assessment. 2019;41:730-740.

Hamza CA, Goldstein AL, Heath NL, Ewing L. Stressful experiences in university predict non-
suicidal self-injury through emotional reactivity. Front Psychol. 2021;12:610670.

Whitlock J, Exner-Cortens D, Purington A. Assessment of nonsuicidal self-injury:
Development and initial validation of the Non-Suicidal Self-Injury-Assessment Tool (NSSI-AT).
Psychol Assess. 2014;26(3):935-946.

Kroenke K, Spitzer RL. The PHQ-9: A New Depression Diagnostic and Severity Measure.
Psychiatr Ann. 2002;32(9):509-515.

Manea L, Gilbody S, McMillan D. Optimal cut-off score for diagnosing depression with the
Patient Health Questionnaire (PHQ-9): A meta-analysis. CMAJ. 2012;184(3):E191-E196.
Arnold SR, Uljarevi¢ M, Hwang YI, Richdale AL, Trollor JN, Lawson LP. Brief Report:
Psychometric Properties of the Patient Health Questionaire-9 (PHQ-9) in Autistic Adults. J
Autism Dev Disord. 2020;50(6):2217-2225.

Edwards JR, Parry ME. On the use of polynomial regression equations as an alternative to
difference scores in organizational research. Acad Manage J. 1993;36(6):1577-1613.



68.

69.

70.

71.

72.

73.

74.

75.

76.

77.

78.

79.

80.

81.

82.

83.

84.

85.

86.

87.

Accepted manuscript 36

Yzerbyt V, Muller D, Batailler C, Judd CM. New recommendations for testing indirect effects
in mediational models: The need to report and test component paths. Journal of Personality
and Social Psychology. 2018;115(6):929.

R: A Language and Environment for Statistical Computing [computer program]. 2020.
Rosseel Y, Oberski D, Byrnes J, et al. lavaan: An R Package for Structural Equation Modeling.
Journal of Statistical Software. 2017;48(2):1-36.

semTools: Useful tools for structural equation modeling [computer program]. 2016.
Schonbrodt F, Humberg S. RSA: An R package for response surface analysis. 2021.

Fatima M, Babu N. Cognitive and Affective Empathy in Autism Spectrum Disorders: A Meta-
analysis. Review Journal of Autism and Developmental Disorders. 2023:1-20.

Marsh AA. The neuroscience of empathy. Current Opinion in Behavioural Sciences.
2018;19:110-115.

Hepp J, Storkel LM, Wycoff AM, Freeman LK, Schmahl C, Niedtfeld I. A test of the
interpersonal function of non-suicidal self-injury in daily life. Behav Res Ther.
2021;144:103930.

Gandhi A, Luyckx K, Goossens L, Maitra S, Claes L. Association between non-suicidal self-
injury, parents and peers related loneliness, and attitude towards aloneness in flemish
adolescents: an empirical note. Psychol Belg. 2018;58(1):3-12.

Burke TA, Hamilton JL, Abramson LY, Alloy LB. Non-suicidal self-injury prospectively predicts
interpersonal stressful life events and depressive symptoms among adolescent girls.
Psychiatry Res. 2015;228(3):416-424.

Panayiotou G, Panteli M, Vlemincx E. Adaptive and maladaptive emotion processing and
regulation, and the case of alexithymia. Cogn Emot. 2021;35(3):488-499.

Oakley BF, Jones EJ, Crawley D, et al. Alexithymia in autism: cross-sectional and longitudinal
associations with social-communication difficulties, anxiety and depression symptoms.
Psychol Med. 2020:1-13.

Bloch C, Burghof L, Lehnhardt F-G, Vogeley K, Falter-Wagner C. Alexithymia traits outweigh
autism traits in the explanation of depression in adults with autism. Sci Rep. 2021;11(1):1-7.
Faura-Garcia J, Orue |, Calvete E. Clinical assessment of non-suicidal self-injury: A systematic
review of instruments. Clin Psychol Psychother. 2021;28(4):739-765.

Redgaard EM, Jensen K, Miskowiak KW, Mottron L. Representativeness of autistic samples in
studies recruiting through social media. Autism Res. 2022;15(8):1447-1456.

Hull L, Petrides KV, Mandy W. Cognitive Predictors of Self-Reported Camouflaging in Autistic
Adolescents. Autism Res. 2020;14:523-532.

Hosozawa M, Sacker A, Cable N. Timing of diagnosis, depression and self-harm in
adolescents with autism spectrum disorder. Autism. 2020;25(1):70-78.

Morellini L, Ceroni M, Rossi S, et al. Social cognition in Adult ADHD: A systematic review.
Front Psychol. 2022;13:940445.

Douglas BD, Ewell PJ, Brauer M. Data quality in online human-subjects research:
Comparisons between MTurk, Prolific, CloudResearch, Qualtrics, and SONA. PLoS One.
2023;18(3):e0279720.

Stanton K, Carpenter RW, Nance M, Sturgeon T, Villalongo Andino M. A multisample
demonstration of using the prolific platform for repeated assessment and psychometric
substance use research. Exp Clin Psychopharmacol. 2022;30(4):432-443.



