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Abstract

Adult ADHD is associated with increased risk for suicide attempts, as indicated by investigations of population- and
community-based cohorts. However, there is little data regarding suicide attempts in a clinical setting. To address this,
we used a comprehensively phenotyped clinical adult ADHD (aADHD) cohort to assess to which extent comorbidity,
psychosocial adversity, personality, and ADHD symptoms contribute to suicidal behavior in ADHD. Furthermore, we
investigated a triallelic variation in the serotonin transporter-linked polymorphic region (5-HTTLPR), which has previ-
ously been associated with suicidal behavior. Depression, substance use, eating, and posttraumatic stress disorders were
independently associated with past suicide attempts, whereas anxiety, somatoform, and obsessive—-compulsive spectrum
disorders showed no association. Pulmonary diseases also showed an association with suicidal behavior. Psychosocial
factors including occupational status, marital status/living situation, externalizing behavior and psychiatric family his-
tory were strongly associated with past suicide attempts. ADHD symptoms of inattention and hyperactivity/impulsivity
were not associated with past suicide attempts after adjustment for psychiatric comorbidity and psychosocial adversity.
However, the personality trait of neuroticism fully mediated the association between depression and suicidal behavior.
5-HTTLPR was not associated with suicidal behavior, but an interaction with ADHD symptoms and subtype was found.
Our data suggest that psychiatric comorbidity and psychosocial adversity are key factors for suicidal behavior in aADHD,
with neuroticism representing a critical mediator of the association between depression and suicidality. Further research,
preferentially with longitudinal study designs is needed to better understand causal factors for suicidal behavior to
enable effective preventive action.

Keywords ADHD - Suicide attempt - Psychosocial adversity - Comorbidity - Serotonin - 5-HTTLPR

Supplementary Information The online version contains supplementary material available at https://doi.org/10.1007/544192-024-
00103-3.

> Georg C. Ziegler, ziegler_g@ukw.de | 'Department of Psychiatry, Psychosomatics and Psychotherapy, Center of Mental Health,
University of Wiirzburg, Wiirzburg, Germany. 2Division of Molecular Psychiatry, Center of Mental Health, University of Wiirzburg, Wiirzburg,
Germany. 3Department of Psychiatry, Psychosomatic Medicine and Psychotherapy, University Hospital Frankfurt, Frankfurt am Main,
Germany. “Department of Child and Adolescent Psychiatry, Psychosomatics and Psychotherapy, Center of Mental Health, University

of Wiirzburg, Wiirzburg, Germany. *Department of Psychiatry and Psychotherapy, Medius Hospital of Kirchheim, Kirchheim Unter Teck,
Germany. ®Fraunhofer Institute for Translational Medicine and Pharmacology ITMP, Frankfurt am Main, Germany. ’Department

of Psychiatry and Neurobehavioural Science, University College Cork, Cork, Ireland. ®Department of Psychiatry and Neuropsychology,
School of Mental Health and Neuroscience, Maastricht University, Maastricht, The Netherlands.

Discover Mental Health (2024) 4:51 | https://doi.org/10.1007/544192-024-00103-3

Check for
updates

@ Discover


http://orcid.org/0000-0001-9411-3169
http://orcid.org/0000-0002-3297-9212
http://orcid.org/0000-0002-7233-9308
http://orcid.org/0000-0001-7628-8299
http://orcid.org/0000-0002-0992-634X
http://orcid.org/0000-0003-3057-6150
http://orcid.org/0000-0001-8348-153X
https://doi.org/10.1007/s44192-024-00103-3
https://doi.org/10.1007/s44192-024-00103-3

Research Discover Mental Health (2024) 4:51 | https://doi.org/10.1007/544192-024-00103-3

1 Introduction

Adult patients living with attention-deficit/hyperactivity disorder (ADHD) face multiple challenges in daily life due to
their disorder. They have to cope with problems that arise from ADHD core symptoms resulting in distraction, forgetful-
ness, restlessness, impulsiveness, and emotional irritability [1]. It is thought that these symptoms are caused by complex
alterations in fronto-striatal and fronto-limbic brain circuits, which impact executive and affective processing leading to
cognitive disturbances and emotional-motivational difficulties [2]. Consequently, adults with ADHD tend to have lower
work and financial success [3], and impaired social and romantic relationships [4, 5]. Furthermore, aADHD patients often
suffer from comorbid psychiatric and somatic diseases, with comorbidity being usually the rule rather than the exception
[6, 7]. Consequently, ADHD patients are significantly more likely to die prematurely, largely due to a higher rate of lethal
(traffic) accidents [8, 9]. Previous studies also suggested an association of ADHD with suicide attempts [10-16], potentially
due to the associated high mental disease burden and affective distress. Thus, the consequences of living with ADHD
can not only be detrimental for social functioning and professional life, but may actually threaten life.

Our research focused on what has been called “The Dark Side of ADHD” in a recent article, namely suicidal behavior
[12]. Suicide and suicide attempts severely affect relatives and friends of a patient, and pose an emergency for psychiatric
health professionals. Suicide attempts generally follow psychologically stressful situations and mental states from which
attempters ‘do not see a way out;, with more than 90% of suicides ascribable to psychiatric disorders [17]. Female sex,
psychosocial adversity, psychiatric disorders, and also somatic morbidities (e.g. cardiovascular and pulmonary diseases)
have been identified as general risk factors for suicidality [18-22]. Choices of action are influenced by personal beliefs
and attitudes towards the self and the environment, moral values, and spontaneous emotions and urges, all depend-
ing on the individual biological, environmental, and socio-cultural background, part of which might not be empirically
accessible. Questions regarding cognition, motivation, and impulses driving suicidal behavior can only be approximated
by statistical methods, due to their complexity. Nonetheless, reliable, identifiable factors which influence the decision to
attempt suicide are critical, as they can inform and improve individual risk assessment and clinical decision-making to
enable effective preventive action. Next to individual mental, psychosocial, and health-related factors, genetic variation
has been suggested as a hereditary risk factor for suicide attempts [23].

Among the neurobiological factors associated with suicidal behavior, early studies focused on the role of the seroton-
ergic system [24]. The first studies on this topic suggested biochemical alterations with lower metabolites of serotonin
in hindbrain regions [25] and in the cerebrospinal fluid [26] of suicide victims. SPECT/PET studies implicated altered
serotonin transporter (5-HTT, SERT, SLC6A4) and receptor profiles in suicidal patients, with lower 5-HTT and lower 5-HT, ,
availability in suicide attempters [27-29]. Lower 5-HTT binding potential was also described in a study of postmortem
brain tissue from suicide victims, who had previously been diagnosed with major depression [30]. In a prospective study
investigating SLC6A4 mRNA expression levels in peripheral blood mononuclear cells, lower baseline SLC6A4 expression
predicted suicidal ideation, and early increases in SLC6A4 expression levels preceded suicide attempts [31]. Data for the
neurochemical involvement of serotonin and the 5-HTT gene in suicidal behavior has been supported by genetic stud-
ies, with initial twin studies suggesting an overall heritability for suicidal behavior of up to 55% [32]. 5-HTT is a classical
reuptake transporter crucial for synaptic serotonin availability and the action of serotonin reuptake inhibiting antidepres-
sants [33]. 5-HTT expression depends on the activity of its promotor region which is influenced by a 44 base pair (bp)
insertion/deletion polymorphism, termed 5-HTTLPR, with a short (S) allele reducing 5-HT expression and a long (L) allele
increasing 5-HT expression [34, 35]. Additionally, SNP rs25531 (chr17:30,237,328, GRCh38.p14) within the L allele of the
length polymorphic region also affects 5-HTT expression [36]. The G allele of SNP rs25531 associated with the L-allele
(Lg) leads to lower serotonin transporter expression comparable to the expression level in S allele carriers, whereas L,
carriers exhibit higher expression levels [37]. Numerous studies have investigated the possible effect of 5-HTTLPR on
suicidality with inconsistent results. The first meta-analysis found no general association between 5-HTTLPR and suicidal
behavior, but revealed an association of suicide attempts with the S allele in subjects with the same psychiatric diagnosis,
and an association of the S allele with violent suicide attempts [38]. A second meta-analysis found a general association
between 5-HTTLPR genetic variation and suicidal behavior [39]. The third and most recent meta-analysis found only an
association of low expressing S and L, alleles with violent suicide attempts but not with general suicidal behavior [40].
Due to these inconsistent findings, it has been discussed that the 5-HTTLPR-mediated effect on 5-HTT expression might
only play a role under certain environmental conditions, e.g. in interaction with (early life) stress [41].

Although not extensively covered by previous research, some variables (such as female sex and comorbid depressive
or anxiety disorder) have already been described as associated with suicidal behavior in aADHD [12, 13], consistent with
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previously reported general risk factors for suicide attempts [19, 42, 43]. However, previous studies on suicidal behavior in
aADHD investigated large-scale surveys or public health registries [12, 13]. Data from deeply phenotyped clinical cohorts
is currently missing. We therefore utilised our large clinical aADHD cohort to investigate which comorbid conditions and
psychosocial factors are associated with suicidal behavior in ADHD, and to which extent these factors contribute to a
history of suicide attempt, with the aim to deliver a more relevant and complete picture of suicidal behavior in ADHD.
Along with comorbidity and psychosocial adversity, we also explored the possible role of ADHD subtype (i.e. predomi-
nantly inattentive, predominantly hyperactive/impulsive or combined symptom expression), ADHD core symptoms,
and personality factors for suicidal behavior. Lastly, we investigated whether genetic variation in 5-HTTLPR (L/S allele;
rs25531 SNP) was associated with suicidality, to attempt to clarify previously contradictory reports.

2 Participants and methods

2.1 Adult ADHD cohort

Our cross-sectional cohort of aADHD patients was recruited within the framework of a DFG-funded clinical research group
on ADHD (CRU125) between 2003 and 2011. Detailed descriptions of the study cohort, its recruitment, and comorbidity
patterns with axis-l and axis-Il psychiatric diagnoses were previously published [6, 44]. Study participants were adult
patients (age range 18-65 years) with an ADHD diagnosis based on DSM-IV criteria recruited from in- and outpatients
of the Department of Psychiatry, Psychosomatics and Psychotherapy at the Center of Mental Health in Wiirzburg, Ger-
many. Exclusion criteria were IQ lower than 80, comorbid bipolar disorder, and schizophrenic psychoses. To study suicidal
behavior we included all study participants from whom clinical interview data on past suicide attempts were available
(n=927). Sex and age distribution were balanced with 461 female patients (mean age: 35.7 years, SD=9.4) and 466 male
patients (mean age: 33.4, SD=10.9).

2.2 Clinical characterization

Past suicide attempts were documented by asking “did you ever try to kill yourself?” followed by detailed questions on
suicidal intent. Suicide attempts were then categorized according to the Feuerlein scale differentiating between seri-
ous suicide attempt (SSA) with clear intent to die, non-habitual deliberate self-harm (DSH), parasuicidal pause (SP) and
parasuicidal gesture (SG) [45]. A semi-structured clinical interview was conducted to assess current DSM-IV symptoms
of inattention and hyperactivity/impulsivity. ADHD subtype, i.e. inattentive (IA) subtype (n =240), hyperactive/impulsive
(HI) subtype (n=71), and combined (C) subtype (n=616) was diagnosed according to the number of symptoms with
at least 6/9 symptoms required for the respective syndromic domain to be rated as positive. Lifetime comorbidity with
axis-1 psychiatric disorders was assessed by the SCID-I interview based on DSM-IV diagnostic criteria. However, for the
construction of broader disease categories we applied newer DSM-V criteria (e.g. by excluding obsessive—-compulsive
disorder and PTSD from anxiety disorders). SCID-l interview data were available for 868 patients (436 female, 432 male).
Depressive disorders included major depression, dysthymia and mood disorders due to a general medical condition.
Anxiety disorders included panic disorder, agoraphobia, social phobia, generalized anxiety disorder, and anxiety disorder
due to a general medical condition. Substance use disorders (SUD) included both lifetime abuse and dependency from
all relevant substance groups. The spectrum of obsessive—-compulsive disorders included OCD, hypochondria and body
dysmorphic disorder. Somatoform disorders included somatization disorder, somatoform disorder and pain disorder. Ano-
rexia nervosa, bulimia nervosa, and binge eating were included in the category of eating disorders. Posttraumatic stress
disorder (PTSD) was also assessed. Additionally, we interviewed patients about their general medical record. Comorbid
somatic diseases were assigned to the broad categories of autoimmune (including allergies), musculoskeletal, pulmonary,
cardiovascular, endocrine, neurologic, skin, gastrointestinal, urogenital, blood, and neoplastic diseases. Psychosocial
adversity factors were constructed to represent five different psychosocial life domains, which were rated positive if
impaired. These were occupational status (unskilled and/or unemployed or retired early), positive psychiatric family his-
tory in 1st or 2nd degree relatives, externalizing/oppositional behavior (involved in physical fights several times and/or
reported by police or law suit with condemnation), marital and living situation (divorced, more than two times married,
living separately and/or living alone) and educational attainment (class repetition and/or school dropout). Additionally,
we used NEO-PI-R self-rating questionnaires to assess the Big Five personality traits of neuroticism, extraversion, openness,
agreeableness, and conscientiousness [46]. NEO-PI-R data were available for 761 patients (82.1%, 394 female, 367 male).
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2.3 Genotyping of the triallelic 5-HTTLPR

DNA was extracted from EDTA blood using standard methods based on the protocol from [47]. We genotyped the
5-HTTLPR by polymerase chain reaction (PCR) with previously established primers (f-5'-TGC CGC TCT GAA TGC CAG
CAC, r-5'-GGG ATT CTG GTG CCA CCT AGA CG), leading to a PCR product of 419 bp for the S allele and 462 bp for the L
allele. The PCR product was then digested with Mspl for 3 h at 37 °C, leading to distinguishable band sizes for L, vs. Lg
alleles, depending on rs25531 genotype. Detailed information regarding the genotyping procedure is given in the sup-
plementary information.

2.4 Statistical analysis

All statistical analyses were performed with SPSS version 29 (IBM). Reported p values are nominal. For the investiga-
tion of sex-dependence of suicide attempts, we performed two-sided chi-square analyses for suicide attempt vs. no
suicide attempt and female vs. male sex, both for all suicide attempts and for the different subtypes of suicidal behavior
according to the Feuerlein scale [45]. To clarify the role of psychiatric comorbidity for suicidal behavior we regressed
past suicide attempts on different psychiatric disease categories by means of multivariable binary logistic regression
analyses with age and sex as additional covariates. We then built a comorbidity score as sum of all significant psychiatric
comorbidities and tested the performance of models with different quantitative disease load (e.g. 0 comorbities vs. 1 or
more comorbidities, 0 vs. 1 vs. 2 or more comorbidities, etc.) in subsequent logistic regression models. The comorbidity
score comprising 4 levels with 0, 1, 2, 3 or more psychiatric comorbidities performed best and was therefore used as a
covariate in further regression models of dimensional ADHD symptom load and personality traits.

An analogous procedure was undertaken for psychosocial adversity by first assessing the significance of the different
psychosocial variables as independent variables in a multivariable regression model with past suicide attempt as the
dependent variable adjusting for age and sex, and then building an overall psychosocial adversity score as the sum of
psychosocial variables significantly associated with past suicide attempts. Next, we investigated if investigator-rated
DSM-IV ADHD symptom counts of inattention and hyperactivity/impulsivity and personality traits (assessed by the NEO-
PI-R questionnaire) were associated with past suicide attempts independent of age, sex, psychiatric comorbidity, and
psychosocial adversity by employing multivariable logistic regression models. Finally, mediation models were utilized
with significant comorbidities (X) as independent state variables, significant personality trait variables as mediating
variables (M), and past suicide attempt as an independent variable (Y), to disentangle the contribution of state vs. trait
variables for suicidal behavior in ADHD patients. To this end, we used PROCESS for SPSS version 4.2 beta by Andrew F.
Hayes [48] to calculate the direct and indirect effect of X on Y with a number of bootstrap samples of 5,000 and for a
95% confidence interval.

For the genetic association study we grouped low-expressing allele combinations S and L as S'vs. the high-expressing
L, allele. We then calculated S-dominant, and S-L-codominant inheritance models with genotype as an independent
variable, and age, sex, comorbidity scores, and psychosocial adversity scores as covariates, with past suicide attempt as
a binary dependent variable by binary logistic regression.

3 Results
3.1 Association of past suicide attempts with sex and ADHD subtype

The overall frequency of lifetime suicide attempts was 20.9%. Suicide attempts were much more frequent in female
(26.9%) compared to male (15%) study participants (OR=2.08[1.50, 2.89], p=8.81x 1 079). Analyses of suicidal behavior
subcategories according to the Feuerlein scale revealed a similar trend, with an increased frequency of severe suicide
attempts with clear intent to die (OR=1.61 [1.00, 2.60], p=0.049) and also non-habitual deliberate self-harm (OR=2.56
[1.45,4.51], p=7.93x 1 0% in female participants. Parasuicidal behavior (parasuicidal gesture and parasuicidal pause)
was not associated with sex (see Table 1). An association between suicidal behavior and ADHD subtype occurred only
for parasuicidal gestures, which were more common in patients with combined (6.3%) than in patients with predomi-
nantly inattentive (1.7%) and predominantly hyperactive/impulsive (1.4%) subtypes (chi-square analysis, p=0.006) (see
Supplementary Table 1).
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Table 1 Sex-dependence of

o Attempt No attempt Total OR[95% Cl] Chi-square
past suicide attempts p-value

All SA
Female 124 (26.9%) 337 (73.1%) 461 2.08[1.50, 2.89] <0.001
Male 70 (15.0%) 396 (85.0%) 466
Total 194 (20.9%) 733 (79.1%) 927

SSA
Female 46 (10.0%) 415 (90.0%) 461 1.61[1.00, 2.60] 0.049
Male 30 (6.4%) 436 (93.6%) 466
Total 76 (8.2%) 851 (91.8%) 927

DSH
Female 43 (9.3%) 418 (90.7%) 461 2.56 [1.45,4.51] <0.001
Male 18 (3.9%) 448 (96.1%) 466
Total 61 (6.6%) 866 (93.4%) 927

SG
Female 27 (5.9%) 434 (94.1%) 461 1.64 [0.88, 3.06] 0.114
Male 17 (3.6%) 449 (96.4%) 466
Total 44 (4.7%) 883 (95.3%) 927

SP
Female 8 (1.7%) 453 (98.3%) 461 1.63[0.53, 5.02] 0.391
Male 5(1.1%) 461 (98.9%) 466
Total 13 (1.4%) 914 (98.6%) 927

SA Suicide attempt, SSA Severe suicide attempt (with clear intent to die), DSH Non-habitual deliberate self-
harm, SG Parasuicidal gesture, SP Parasuicidal pause, Chi-Square analyses, OR Odds ratio, C/ Confidence
interval. Level of significance was set at p <0.05 and significant values are displayed in bold

3.2 Association of past suicide attempts with comorbidity

Past suicide attempts were associated with depressive disorders (OR=2.18 [1.48, 3.20], p="7.57 x 107°), substance use
disorders (OR=2.00 [1.39, 2.89], p=1.96 x 107%), eating disorders (2.44 [1.43, 4.17], p=0.001), and posttraumatic stress
disorder (OR=2.58[1.14, 5.82], p=0.023). Somatoform disorders and OCD spectrum disorders were not associated with
past suicide attempts. Anxiety disorders showed an association with suicidal behavior only in the univariable analy-
sis (OR=1.81, p=0.001), but not in the multivariable logistic regression model with adjustment for other psychiatric
comorbidities (p=0.127) (see Table 2). Psychiatric comorbidity had an additive effect on suicidal behavior, as depicted
by comorbidity scores (0 vs. 1 vs. 2 vs. 3 and more comorbid psychiatric disorders significantly associated with past sui-
cide attempts; OR=2.32[1.87,2.88],p=2.00x 1 07 see Fig. 1). Multivariable logistic regression revealed an association
of past suicide attempts with pulmonary diseases (OR=2.14[1.03, 4.43], p=0.041), but with none of the other somatic
diseases (see Supplementary Table 2, adjusted for age, sex, comorbidity score, and psychosocial score).

3.3 Association of past suicide attempts with psychosocial adversity

Occupational status (OR=2.18 [1.49, 3.18], p=5.9 x 10~), psychiatric family history (OR=2.08 [1.35,3.21], p=8.9x 107%),
externalizing behavior (OR=1.81[1.23, 2.66], p=0.002) and marital/living situation (OR=1.64 [1.14, 2.34], p=0.007) all
were associated with past suicide attempts (see Table 3). Among the investigated factors of psychosocial adversity only
educational attainment was not associated with past suicide attempts (OR=0.96 [0.68, 1.38], p =0.840). A general psy-
chosocial adversity score that was calculated as the sum of all factors which were significantly associated with suicidal
behavior, i.e. work situation, psychiatric family history, externalizing behavior, and marital/living, was strongly associated
with past suicidal behavior (OR=1.90[1.60, 2.27], p=8.27 x 1073, see Table 1 and Fig. 1).
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Table 2. Association of . n (%) B (SE) OR[95% CI] p-value

past suicide attempts with

psychiatric comorbidity Depressive disorder 488 (56.2) 0.78 (0.20) 2.18[1.48, 3.20] <0.001°
SUD 318(34.3) 0.69 (0.19) 2.00[1.39, 2.89] <0.001?
Eating disorder 77 (8.3) 0.89(0.27) 244 1.43,4.17] 0.001?
PTSD 29(3.1) 0.95(0.42) 2.58[1.14,5.82] 0.023?
Anxiety disorder 208 (22.4) 0.30(0.20) 1.35[0.92, 2.00] 0.1272
Somatoform disorder 26 (2.8) 0.40 (0.48) 1.49[0.58, 3.83] 0414
OCD spectrum 24 (2.6) —0.74 (0.64) 0.48[0.14, 1.69] 0.251
Comorbidity score* - 0.84(0.11) 2.32[1.87,2.88] <.001

Table 3 Association of
past suicide attempts with
psychosocial adversity

Fig. 1 Graphs depict prob-
ability of past suicide attempt
dependent on psychiatric
comorbidity and psychosocial
adversity scores. *** p < 0.001

Multivariable logistic regression model

OR Odds ratio, C/ Confidence interval, ®variables were also significant on the p<.05 level in a univariable
regression model, * sum of lifetime psychiatric comorbidities significantly associated with past suicide
attempts (depressive disorder, SUD, eating disorder, PTSD), SUD Substance use disorder, PTSD posttrau-
matic stress disorder, OCD Obsessive—compulsive disorder. Covariates: Age, sex. P values <.05 in bold

n (%) 3 (SE) OR[95% Cl] p-value
Occupational status' 205 (22.1) 0.78 (0.19) 2.18[1.49,3.18] <0.001°
Psychiatric family history? 630 (68.0) 0.73(0.22) 2.08[1.35,3.21] <0.001°
Externalizing behavior? 328 (35.4) 0.59 (0.20) 1.81[1.23, 2.66] 0.002°
Marital/living situation® 333(35.9) 0.49 (0.18) 1.64[1.14,2.34] 0.007°
Educational attainment® 385 (41.5) —0.04 (0.18) 0.96 [0.68, 1.38] 0.840
Psychosocial adversity score - 0.64 (0.09) 1.90[1.60, 2.27] <0.001

Multivariable logistic regression model

OR Odds ratio, C/ Confidence interval, ®variables were also significant on the p<.05 level in a univariable
regression model. ! unskilled and/or unemployed or early retired, 2 positive for psychiatric disorder in 1st
and/or 2nd degree relatives, 3 involved in physical fights several times and/or reported by police or law
suite with condemnation, # divorced, > two times married, living separately and/or living alone, > class(es)
repeated and/or dropped out of school. Covariates: Age, sex. P values <.05 in bold
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3.4 Association of past suicide attempts with dimensional ADHD and personality traits

ADHD core symptoms of inattention and hyperactivity/impulsivity were not associated with past suicide attempts in
a multivariable logistic regression model when adjusted for age, sex, comorbidity score, and psychosocial adversity
score (see Table 4). The only personality trait associated with past suicide attempts was neuroticism (OR=1.012[1.002,
1.023], p=0.019). The NEO extraversion scale (OR=0.988 [0.979, 0.997], p=0.008) showed an association with suicidal
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L?rl:::sic?r?;?/ilga%nscc)gres and BB OR [35% Cl p-value

personality traits with past ADHD symptoms

suicide attempts Inattention 0.081 (0.063) 1.085 [0.959, 1.227] 0.196
Hyperactivity/impulsivity 0.068 (0.050) 1.070[0.971, 1.180] 0.173
Big 5 personality traits
Neuroticism 0.012 (0.005) 1.012[1.002, 1.023] 0.019?
Extraversion —0.009 (0.006) 0.991 [0.980, 1.002] 0.115°
Openness 0.002 (0.006) 1.002[0.990, 1.013] 0.771
Agreeableness 0.003 (0.006) 1.003 [0.991, 1.016] 0.822
Conscientiousness 0.001 (0.005) 1.001 [0.991, 1,012] 0.907

Separate multivariable logistic regression models for ADHD symptoms and Big Five personality traits,
OR 0Odds ratio, CI Confidence interval, *variables were also significant on the p<.05 level in a univariable
regression model. Covariates: Age, sex, psychosocial adversity score, comorbidity score. P values <.05 in
bold

behavior only when investigated as univariable independent variable (see Table 4). Mediation analyses revealed that
neuroticism fully mediated the association between depressive disorders and past suicide attempts (see Fig. 2), as
well as the association between SUD and suicide attempts. For the latter, both regression between SUD and NEO
neuroticism (3=-12.91, p<0.001) and between NEO neuroticism and past suicide attempts (3=0.014, p 0.003) were

Fig.2 Neuroticism as a
mediator between depression
and suicidal behavior
Probability of past suicide
attempt dependent on NEO
self-ratings of neuroticism
without (A) and with dif-
ferentiation between lifetime
depressive disorder (B).
Neuroticism fully mediates
the association between
lifetime depressive disorder
and past suicide attempt (C),
*** p<0.001, solid lines are
regression curves and shaded
areas show 95% confidence
intervals. Covariates: Age, sex,
psychosocial adversity score,
comorbidity score
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W
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t=10.03 (axb) Z=3.62
B =0.31(0.10)
[0.13, 0.52] "
depression suicide
P """2;,') """" > attempt
B =0.34 (0.23)
Z =151, n.s.
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Fig.3 ADHD subtype and symptom-dependent effect of 5-HTTLPR genotype on suicidal behavior. 5-HTTLPR genotype x ADHD subtype
interaction under an S-dominant model (A) and interaction effect for 5-HTTLPR genotype x investigator-rated DSM-IV HI symptoms (B).
*<0.05, **<0.01, logistic regression with past suicide attempts as binary outcome, and 5-HTTLPR genotype, ADHD subtype or DSM-IV
symptom counts (and respective interaction terms) as independent variables, covariates: age, sex, psychiatric comorbidity, psychosocial
adversity scores

significant. The bootstrapped indirect effect was —0.183 with a 95% Cl ranging from —0.358 to —0.057. The association
between eating disorders and suicide attempts, and PTSD and suicide attempts, was not mediated by neuroticism.

3.5 Association of past suicide attempts with 5-HTT genotypes

Distribution of the triallelic 5-HTTLPR did not differ from Hardy—Weinberg equilibrium in the full cohort (Chi-square test,
p=0.59), the group of suicide attempters (Chi-square test, p=0.77), or in the group of non-attempters (Chi-square test,
p=0.71). Genotyping call rate was >0.99. Allelic distribution of the 5-HTTLPR, and the triallelic polymorphism is given
in Supplementary Table 3. The triallelic 5-HTTLPR was not associated with past suicide attempts in the full cohort after
adjustment for age, sex, comorbidity, and psychosocial adversity (5 dominant model: OR=1.34[0.89, 2.01], p=0.158,
codominant model: p=0.369). However, there was an interaction effect between 5-HTTLPR genotype and ADHD subtype
for the S'dominant model (p=0.019). Homozygous L, allele carriers in the predominantly inattentive had less suicide
attempts than L,L, carriers with combined or predominantly hyperactive/impulsive subtype (OR=0.28 [0.11, 0.72],
p =0.008). No such genotype-dependent effect on past suicide attempts occurred in S'allele carriers (OR=1.20 [0.71,
2.01], p=0.50). However, there was a contrary effect of more suicide attempts in the L,L, (vs. S'group) in patients with
combined/hyperactive-impulsive subtype (OR=1.86 [1.18, 2.94], p=0.008), whereas in the predominantly inattentive
patient group L,L, carriers tended to have less suicide attempts than S’ allele carriers (OR=0.41 [0.15, 1.13], p=0.085).
In line with this finding, there was an interaction effect of 5-HTTLPR genotype x DSM-IV hyperactive/impulsive ADHD
symptoms (OR=1.33 (1.06, 1.68), p=0.015), see Fig. 3.

4 Discussion

We performed a cross-sectional study of suicidal behavior in a large clinical cohort of aADHD patients to investigate the
contribution of general and ADHD-specific factors to suicidal behavior in ADHD. This investigation is highly relevant for
clinical practice, as our cohort was directly recruited from help-seeking in- and outpatients with a broad spectrum of
psychiatric comorbidity [6]. Our findings of a higher rate of past suicide attempts in females, and the strong association
of suicidality with psychiatric comorbidity and psychosocial adversity, are in accordance with previous observations
in the general (psychiatric) population [19, 49, 50]. Frequency of lifetime suicide attempts in our aADHD cohort was
slightly higher than the numbers reported by previous studies [11, 12], likely due to different sampling strategies. We also
found an association of pulmonary diseases with suicidal behavior, highlighting the need to consider both psychiatric
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and somatic comorbidity in ADHD [7]. The association of neuroticism with past suicide attempts withstood adjustment
for psychiatric comorbidity and psychosocial adversity, and fully mediated the association of depression and SUD with
suicidality. This suggests an urgent need for psychotherapeutic interventions for low self-esteem and neurotic conflict
processing, possibly independently of acute depressive episodes. Although our data do not support a general associa-
tion of the triallelic 5-HTTLPR variants with suicidal behavior in ADHD, the interaction of 5-HTTLPR with clinical ADHD
subtypes and investigator-rated ADHD symptoms suggests a possible differential effect of the serotonergic system in
different disease courses, which should be addressed in future investigations. Therefore, future genetic studies in larger
cohorts should also consider subtype-specific effects and investigate the interaction between genetic variation and
different ADHD dimensions.

Previous studies have reported suicide attempt prevalence rates of ~ 15% in ADHD patients [11, 12]. Our results showed
an even higher rate, with a past suicide attempt in about every fifth patient, and females twice as likely to attempt sui-
cide as males. The higher rates of suicidal behavior in our study may be due to the use of a clinical cohort with an overall
higher disease burden than in previously investigated community and population-based (health registry) samples [11,
12]. Therefore, our data may specifically reflect the clinical situation. The high prevalence of suicide attempts in ADHD
patients reflects the high impact of the disorder on life quality, and suggests a need for special programs for suicide
prevention or respective modules of psychoeducation to be considered in clinical practice.

We found that psychiatric comorbidity, and different factors of psychosocial adversity such as unemployment, early
retirement, being divorced, living alone, delinquency, aggressive behavior, and psychiatric family history, were signifi-
cantly associated with past suicide attempts. Educational attainment, (i.e. class(es) repeated or dropped out of school)
was the only psychosocial factor not associated with past suicide attempts. This finding is in contrast with previous
studies [51], and might be due to the fact that we investigated an adult cohort, in which environmental factors after
graduation, (such as a protective family environment, stable interpersonal relationships, and work success) might negate
past problems with school performance. The association of depressive disorders, SUD, eating disorders, and PTSD with
suicidal behavior is consistent with previous reports of risk factors for suicide attempts [42, 52-54]. However, we found
that anxiety disorders were not independently associated with past suicide attempts in our multivariable model, despite
previous evidence for anxiety disorders as an independent risk factor for suicidal behavior [43]. This lack of association in
our cohort may be due to the high comorbidity of anxiety disorders with other psychiatric disorders, as anxiety disorders
only occurred as a single comorbidity in 12% of patients. Somatoform disorders and OCD spectrum disorders were not
associated with past suicide attempts, suggesting these disorders do not play a role in suicidal behavior in ADHD, con-
tradictory to earlier studies that found an increased risk for suicide attempts also with these disorders [55, 56]. However,
it should be taken into account that the total number of somatoform disorder and OCD diagnoses in the investigated
ADHD cohort was relatively low and therefore likely underpowered.

Our data also revealed a significant association between pulmonary diseases and past suicide attempts in ADHD
patients for the first time. Interestingly, ADHD has previously been associated with asthmatic disease [7]. Pulmonary
diseases, especially asthmatic and chronic obstructive pulmonary disease, have also been independently associated with
suicidal behavior in other studies [57, 58]. Hence, our reported association between pulmonary diseases and suicidality
in ADHD implies severely decreased quality of life in ADHD patients with comorbid pulmonary diseases [59].

After adjusting for psychiatric comorbidity and psychosocial adversity, ADHD symptoms were not associated with
past suicide attempts, suggesting that suicidal behavior in ADHD may not be uniquely associated with ADHD-specific
behavioral correlates of impulsive decision making, alterations in locomotor control, or inattention. We therefore suggest
that suicide attempts in ADHD may occur as a consequence of the complex burden of living with ADHD, with its negative
effects on psychosocial functioning and the increased risk for psychiatric comorbidity. Given that affected patients often
describe suicide attempts as an impulsive act and previous studies suggest associations between suicidal behavior and
impulsivity [60] the lack of association between impulsivity and suicidal behavior in our ADHD cohort is remarkable.
However, it has to be considered that ADHD patients are already on an upper extreme of trait impulsivity and likely more
homogeneous with regard to impulsive behaviors than patients without ADHD. Hence, the potential influence of impul-
sivity on suicidal behavior might be harder to detect in ADHD cohorts. On the other side, evidence on the association of
impulsivity with suicidal behavior is mixed. A meta-analysis found an only small association [61] in line with the notion
that self-reported impulsivity of suicide attempts seems to correlate poorly with trait impulsivity [62, 63]. Moreover, only
some but not all facets of impulsivity seem to be associated with suicidal behavior [63].

Importantly, our data revealed a significant association of past suicide attempts with neuroticism, that withstood
adjustment for psychiatric comorbidity and psychosocial adversity. The association of neuroticism with suicidality has
been repeatedly described before [64, 65]. However, full mediation of the association between depression/SUD and
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suicidal behavior by neuroticism is of note, as it suggests that in this patient group not primarily depression and stress
lead to suicide attempts, but also a more general anxious thinking style and negative self-view followed by maladaptive
coping strategies. This implies that psychotherapeutic interventions for neurotic conflicts and low self-esteem should
be considered as preventive for suicidal behavior in adult patients with ADHD.

This study investigates genetic variation of the 5-HTTLPR in association with suicidal behavior in aADHD patients
for the first time. Our findings did not find a general association of the triallelic 5-HTTLPR polymorphism with suicide
attempts in this diagnostic group. Data did reveal an interaction effect between 5-HTTLPR genotype and ADHD sub-
type, but this result should be interpreted with caution until it can be independently replicated. Previous research on
the 5-HTTLPR and suicidal behavior has emphasized the importance of gene by environment interactions, especially
the role of early life-stress and childhood trauma, with differential effects of 5-HTTLPR genetic variation reported to be
dependent on childhood adversity [66, 67]. We do not have data on childhood trauma or other early life adversity in our
cohort, and therefore were not able to investigate a gene by environment interaction. However, our data suggested a
possible interaction between 5-HTTLPR genotype and ADHD subtype, and between hyperactive/impulsive symptoms
and an increased risk for suicidal behavior in L,L, carriers, which can be built upon in future studies.

A major limitation of our study is its cross-sectional design, which does not allow the investigation of possible causal
inferences for comorbidity, psychosocial adversity, personality traits, 5-HTTLPR allelic variation on suicidal behavior. Due
to its retrospective nature our study cannot shed light on factors potentially associated with suicidal behavior at the time
of its occurrence, such as acute psychiatric conditions or medication. Longitudinal studies within the adulthood trajectory
of ADHD, and bridging the gap between childhood and adulthood ADHD, are therefore needed to gain more insight. This
would allow assessment of the reciprocal relationship between adverse and favorable living conditions, health-related
outcomes of mental and somatic health, psychosocial well-being, and suicidal behavior, with the overarching aim of
developing more targeted suicide prevention strategies.

In conclusion, psychiatric comorbidity and psychosocial adversity are major factors associated with suicidal behavior
in aADHD, and seem to have a greater effect on risk than ADHD-specific symptoms. Especially high neuroticism should
be further evaluated as possible risk factor for suicidal behavior in ADHD, which is also amenable for cognitive-behavioral
interventions.
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