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Association of symptoms of 
attention deficit-hyperactivity 
disorder and impulsive-aggression 
with severity of suicidal behavior in 
adult attempters
I. Conejero   1, I. Jaussent2, R. Lopez3, S. Guillaume   2,4, E. Olié2,4, C. Hebbache6,  
R. F. Cohen   7, J. P. Kahn5,7, M. Leboyer6, P. Courtet2,4 & J. Lopez-Castroman1,2

Literature emphasizes the relationship between attention deficit-hyperactivity disorder (ADHD) and 
suicidal behavior (SB). However, the link between ADHD and the severity of SB is yet to be determined. 
We investigated the association between a probable diagnosis of ADHD and the severity of SB in 
539 hospitalized suicide attempters, and determined the role of comorbid psychiatric diagnoses. 
The severity of SB was defined as the number of suicide attempts, age at first suicide attempt, 
seriousness and violence of suicide attempts. A diagnosis of probable adult ADHD (probable ADHD) 
was defined as the presence of both current ADHD symptoms and ADHD symptoms in childhood. 
We evaluated the combined effect of high impulsive-aggression levels and probable ADHD. Probable 
ADHD was not associated with early or frequent suicide attempts after adjustment for psychiatric 
disorders and treatment intake. High levels of impulsive-aggression increased the risk of an early 
suicide attempt, particularly in patients with ADHD symptoms, and independently of other clinical 
factors. The association between serious suicide attempts and probable ADHD remained significant 
after adjustment. Although ADHD is involved in suicidal vulnerability, psychiatric comorbidities and 
impulsive-aggression appear to largely explain the severity of SB in adult attempters with ADHD 
symptoms.

Attention Deficit Hyperactivity Disorder (ADHD) is a highly prevalent condition associated with substantial psy-
chosocial and health burden1,2. According to World Health Organization (WHO) surveys, its prevalence averages 
2.2% among children worldwide and is followed by adult ADHD in 57% of the cases3 although prevalence of adult 
ADHD is likely to be underestimated4.

ADHD has profound consequences on daily functioning5. Recent studies have shown higher rates of comor-
bid Axis I and Axis II disorders in adults with ADHD compared to those without6. ADHD is also associated with 
divorce and impaired interpersonal relationships7. Together, poor social and psychiatric conditions associated 
with ADHD may trigger suicidal ideation and suicidal behaviors (SB) in patients8–10.

There is substantial evidence linking ADHD with different types of suicidal behaviors, such as suicide attempts 
and completed suicide, and suicidal ideation in young individuals and adult populations. In adolescents, a Finnish 
birth cohort study (n = 457) showed an independent association between ADHD diagnoses and suicidal ideation 
(or deliberate self-harm) within the last two years11. A Taiwanese study also found that ADHD adolescents were 
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more likely to make deliberate self-poisonings than those without ADHD after adjusting for potential confound-
ers12. Another study showed that adolescent attempters with ADHD were older, more often bullying perpetrators 
and showed higher depression levels than non-attempters13.

Similarly, the severity of ADHD symptoms has been linked with frequent suicidal ideation in adults. This 
association may be mediated by difficulties in coping with stressful situations14. Suicide attempters show higher 
ADHD rates than non-attempters, with OR ranging from 2.6 to 7.315. A recent adult psychiatric morbidity sur-
vey (7403 respondents) pointed out a positive association between severity of adult ADHD symptoms and the 
presence of lifetime or past-12 months suicide attempts, even when taking into account psychiatric comorbid 
conditions16. Common genetic factors, mainly related to impulsivity, were suggested to explain the independent 
association between SB and ADHD17. Indeed, results from a previous prospective follow-up study outlined the 
existence of shared impulsivity traits between patients with ADHD and those attempting suicide18.

In summary, some large epidemiological studies have suggested an association between ADHD and SB but 
their results were not consistently replicated in clinical samples. The severity of SB associated to a probable diag-
nosis of ADHD in adults as well as the role of comorbid diagnoses is yet to be determined. We hypothesized that 
the severity of suicide attempts is positively correlated with probable adult ADHD.

Although birth cohort studies have suggested the possibility of late-onset ADHD emerging in adulthood19,20, 
recent findings showed that a large majority of adults meeting criteria for ADHD had other mental disorders 
and/ or substance use disorder better explaining the symptoms21. Hence, we used the term “probable ADHD” 
for patients with a diagnosis of ADHD in adulthood when patients reported both current ADHD symptoms and 
ADHD symptoms in childhood.

We studied the characteristics and severity features of suicidal behavior (number of suicide attempts, age 
of first suicide attempt, seriousness and violence of suicide attempts), as well as the role of potential confound-
ers such as impulsive-aggression traits, in a large sample of adult suicide attempters with and without ADHD 
symptoms.

Results
Sample description.  Of the 684 patients with an evaluation of ADHD symptoms, 78 had missing data for 
characteristics of suicide, 27 for assessment of impulsive-aggression and 40 for adjustment covariables; they were 
thus excluded from the present study (n = 145). These patients had a higher educational level, were more fre-
quently smokers, and had less lifetime episodes of major depression than the patients included (p < 0.05 for all 
these comparisons).

The final sample consisted in 539 patients (66.4% females), the median age was 42.86 years (ranging from 
18.01 to 83.45). Almost half of them (46.6%; n = 251) lived with a partner at the time of inclusion. The most 
frequent psychiatric diagnoses were anxiety disorders (73.3%; n = 395), followed by major depressive disorder 
(65.4%; n = 353), alcohol use disorder (31.9%; n = 172) and bipolar disorder (27.6%; n = 149). Most patients 
(n = 446, 82.74%) had at least two comorbid diagnoses among bipolar, major depressive, anxiety, substance use, 
alcohol use or eating disorder. There were 223 early attempters (41.37%) and 181 frequent suicide attempters 
(33.58%). Violent and serious suicide attempts occurred respectively in 21.34% (n = 115) and 27.27% (n = 147) of 
the sample. A family history of suicidal behaviors was reported by 248 (46.01%) patients.

Childhood ADHD symptoms (i.e. positive WURS-25 screening) were found in 161 patients (29.87%). At the 
time of the inclusion, 254 patients (47.12%) presented with current ADHD symptoms, defined as a positive ASRS 
screening. Ninety (16.70%) patients screened positive for both childhood and current ADHD symptoms and 
were thus classified as probable ADHD diagnoses.

Adults with high impulsive-aggression level (BDHI scores >47) were more likely to be screened positive for 
current ADHD symptoms (59.4%; p = 0.0001).

Age at first suicide attempt.  Compared to late attempters, early attempters were significantly more likely 
females, and less frequently in couple. They were younger at the time of evaluation and more frequently tobacco 
users (p = 0.005 for both comparisons). Early attempters were also more frequently diagnosed with anxiety dis-
order (p = 0.008), substance use and eating disorders (p < 0.0001 for both comparisons) and were prescribed 
mood stabilizers more often. Finally, high levels of impulsive-aggression were more frequent in early attempters 
(p < 0.0001) (Supplementary Table S1).

Subsequent analyses were thus adjusted for these factors except for age at inclusion to avoid over-adjustment 
with age at first suicide attempt (Table 1). The effect of impulsive-aggression was studied independently.

Both current ADHD symptoms and probable ADHD were associated with a young age at first suicide attempt 
after adjustment for socio-demographic variables and study site (model 0 and model 1). The association between 
current ADHD symptoms and being early attempter remained significant after adjustment for smoking status, 
anxiety, eating, substance use disorders and treatment intake (benzodiazepine, antidepressant, mood stabilizer 
and antipsychotic) (model 2 OR 1.57, 95%CI [1.06–2.33]). In contrast, the association between a young age at 
first suicide attempt and probable ADHD disappeared when considering psychiatric disorders (anxiety and eating 
disorder), substance use disorders and treatment intake (model 2 OR 1.36, 95%CI [0.81–2.29]).

High levels of impulsive-aggression were associated with early suicide attempts in unadjusted and adjusted 
models (model 2 OR 1.96, 95%CI [1.28–2.98]). The strength of the association between impulsive-aggression and 
early suicide attempts increased in patients with probable ADHD (model 2 OR 2.55, 95%CI [1.46–4.44]).

Number of suicide attempts.  Compared to non-frequent suicide attempters, frequent attempters were 
associated with female gender (p = 0.0002), eating disorder (p < 0.0001), bipolar disorder (p = 0.0001) and a pos-
itive family history of SB (p = 0.03). They also displayed higher impulsive-aggression scores (p = 0.02) and were 
less likely to be diagnosed with major depressive disorder (p = 0.006) or treated with antidepressants (p = 0.02). 

https://doi.org/10.1038/s41598-019-41046-y


3Scientific Reports |          (2019) 9:4593  | https://doi.org/10.1038/s41598-019-41046-y

www.nature.com/scientificreportswww.nature.com/scientificreports/

However, they were more often treated with mood stabilizers than non-frequent suicide attempters (p = 0.0003) 
(Supplementary Table S1).

Probable ADHD was associated with frequent suicide attempts. These associations remained significant after 
adjustment for socio-demographic variables and study site (model 0 and model 1) but disappeared when con-
trolling for psychiatric comorbidities (bipolar disorder, major depressive episode, eating disorder), familial his-
tory of SA, alcohol use disorder, antidepressant, mood stabilizers and antipsychotic treatment, (model 2 OR 
1.62, 95%CI [0.96–2.73]) (Table 2). High impulsive-aggression levels were not associated with frequent suicide 
attempts.

Violent suicide attempts.  Violent suicide attempters were less often females (<0.0001), had lower educa-
tional level (p = 0.01) and were more likely to receive an anxiety disorder diagnosis (p = 0.002) or antidepressant 
treatment (p = 0.007) than non-violent attempters. However, they received antipsychotics more often (p = 0.008) 
(Supplementary Table S2). No significant association was found with impulsive-aggression or current ADHD 
symptoms (Table 3).

Serious suicide attempts.  Serious suicide attempters were associated with older age (p = 0.02), eating 
disorder (p = 0.02), and antipsychotic treatment (p = 0.005) compared to patients who did not make a serious 
attempt (Supplementary Table S2).

Variable

Age at 1st suicide attempt

>26 N = 316 ≤26 N = 223 Model 0 Model 1 Model 2

n % n % OR [95% CI] P-value OR [95% CI] P-value OR [95% CI] P-value

Current ADHD 130 41.14 124 55.61 1.79 [1.27; 2.53] 0.001 1.67 [1.16; 2.40] 0.006 1.57 [1.06; 2.33] 0.03

ADHD screen

No ADHD 237 75.00 141 63.23 1 0.01 1 0.02 1 0.50

Probable ADHD 42 13.29 48 21.52 1.92 [1.21; 3.05] 1.81 [1.12; 2.92] 1.36 [0.81; 2.29]

Impulsive-aggression 77 24.37 93 41.70 2.22 [1.53; 3.21] <0.0001 2.21 [1.50; 3.24] <0.0001 1.96 [1.28; 2.98] 0.002

Probable ADHD/ Level of impulsive aggression

No/Low 155 49.05 61 27.35 1 <0.0001 1 <0.0001 1 0.003

No/High 31 9.81 38 17.04 3.11 [1.78; 5.45] 2.85 [1.61; 5.07] 2.40 [1.27; 4.52]

Yes/Low 84 26.58 69 30.94 2.09 [1.35; 3.22] 1.85 [1.17; 2.93] 1.70 [1.04; 2.79]

Yes/High 46 14.56 55 24.66 3.04 [1.86; 4.96] 2.92 [1.75; 4.86] 2.55 [1.46; 4.44]

Table 1.  Age at first suicide attempt according to ADHD screens, in childhood (WURS) and adulthood (ASRS), 
and impulsive-aggression levels. Model 0: Crude association. Model 1: Model adjusted for study site, gender, 
living in couple. Model 2: Model adjusted for all covariates in model 1 plus smoking status, anxiety disorder, 
eating disorder, substance use disorder and treatment intake: Benzodiazepine, antidepressant, mood Stabilizer 
and antipsychotic. Current ADHD: Positive ASRS screen (≥4). Probable ADHD: Positive WURS screen (>46) 
and ASRS screen (≥4).

Variable

Number of SA

1–2 N = 358 ≥3 N = 181 Model 0 Model 1 Model 2

n % n % OR [95% CI] P-value OR [95% CI] P-value OR [95% CI]
P- 
value

Current ADHD 163 45.53 91 50.28 1.21 [0.85;1.73] 0.30 1.11 [0.77;1.61] 0.57 0.98 [0.65;1.47] 0.92

ADHD screen

No ADHD 265 74.02 113 62.43 1 0.02 1 0.03 1 0.17

Probable ADHD 51 14.25 39 21.55 1.79 [1.12;2.87] 1.85 [1.14;3.00] 1.62 [0.96;2.73]

Impulsive-aggression 102 28.49 68 37.57 1.51 [1.03;2.20] 0.03 1.60 [1.08;2.37] 0.02 1.40 [0.91;2.15] 0.12

Probable ADHD/Level of impulsive aggression

No/Low 158 44.13 58 32.04 1 0.02 1 0.05 1 0.28

No/High 37 10.34 32 17.68 2.36 [1.34;4.13] 2.43 [1.36;4.33] 1.86 [0.98;3.52]

Yes/Low 98 27.37 55 30.39 1.53 [0.98;2.39] 1.37 [0.86;2.18] 1.11 [0.67;1.84]

Yes/High 65 18.16 36 19.89 1.51 [0.91;2.50] 1.52 [0.90;2.56] 1.27 [0.72;2.23]

Table 2.  Number of suicide attempts (SA) according to ADHD screens, in childhood (WURS) and adulthood 
(ASRS), and impulsive-aggression levels. Model 0: Crude association. Model 1: Model adjusted for study 
site, gender and age. Model 2: Model adjusted for all covariates in model 1 plus bipolar disorder, depression, 
eating disorder, alcohol use disorder, familial history of SA and treatment intake: ATD, Mood Stabilizer and 
Antipsychotic. Current ADHD: Positive ASRS screen (≥4). Probable ADHD: Positive WURS screen (>46) and 
ASRS screen (≥4).
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Serious suicide attempters were more likely to have a probable ADHD (model 2: OR 1.96 95%CI [1.17–3.29]). 
No association was found with impulsive-aggression (Table 4).

Discussion
In this study, we examined various aspects of SB severity and their relationship with lifetime ADHD symptoms 
and impulsive-aggression levels in a large and well-characterized sample of adult inpatients with a history of 
suicide attempts. While the associations of young age at first suicide attempt and frequent suicide attempts with 
probable adult ADHD disappeared when psychiatric disorders and treatment prescriptions were considered, the 
association between serious suicide attempts and probable ADHD remained significant. Probable ADHD did not 
impact the violence of lifetime suicide attempts.

High levels of impulsive-aggression were associated with early suicide attempts, independently of the psychi-
atric diagnoses, current treatment and ADHD status. The combined effect of impulsive-aggression and probable 
ADHD increased the risk of making an early suicide attempt. While comorbid psychiatric diagnoses moder-
ated the association between early onset of SB and positive screens for ADHD, high impulsive-aggression levels 
appeared to be by and large the most important determinant of an early onset of SB in our sample.

Impulsivity is a diagnostic characteristic of ADHD22 and impulsive-aggression is a frequent comorbidity in 
ADHD children23 that also characterizes many suicide attempters. Impulsivity, hostility and aggression constructs 
are also highly correlated and share common features, especially among suicide attempters24. Thus, we considered 
the impulsive-aggression dimension as an independent variable. Our findings fit other results reporting the role 
of impulsive traits in SB among ADHD populations. Girls diagnosed with a combined type of ADHD (i.e. with 

Variable

Violent suicide attempts

No N = 424 Yes N = 115 Model 0 Model 1 Model 2

n % n % OR [95% CI] P-value OR [95% CI] P-value OR [95% CI]
P- 
value

Current ADHD 205 48.35 49 42.61 0.79 [0.52;1.20] 0.27 1.00 [0.64;1.56] 0.99 1.06 [0.66;1.69] 0.80

ADHD screen

No ADHD 296 69.81 82 71.30 1 0.80 1 0.60 1 0.72

Probable ADHD 70 16.51 20 17.39 1.03 [0.59;1.79] 1.07 [0.59;1.93] 1.01 [0.54;1.89]

Impulsive-aggression 139 32.78 31 26.96 0.76 [0.48;1.20] 0.23 0.73 [0.45;1.19] 0.21 0.71 [0.42;1.19] 0.19

Probable ADHD/level of impulsive aggression

No/Low 162 38.21 54 46.96 1 0.39 1 0.65 1 0.57

No/High 57 13.44 12 10.43 0.63 [0.32;1.26] 0.70 [0.33;1.45] 0.74 [0.34;1.62]

Yes/Low 123 29.01 30 26.09 0.73 [0.44;1.21] 1.04 [0.61;1.78] 1.18 [0.66;2.09]

Yes/High 82 19.34 19 16.52 0.70 [0.39;1.25] 0.77 [0.41;1.45] 0.77 [0.39;1.49]

Table 3.  Violent suicide attempt according to ADHD screens, in childhood (WURS) and adulthood (ASRS), 
and impulsive-aggression levels. Model 0: Crude association. Model 1: Model adjusted for study site, gender, 
age, educational level. Model 2: Model adjusted for all covariates in model 1 plus anxiety disorder, Eating 
disorder and treatment intake: ATD, Antipsychotic. Current ADHD: Positive ASRS screen (≥4). Probable 
ADHD: Positive WURS screen (>46) and ASRS screen (≥4).

Variable

Serious suicide attempts

No N = 392 Yes N = 147 Model 0 Model 1 Model 2

n % n % OR [95% CI] P-value OR [95% CI] P-value OR [95% CI]
P- 
value

Current ADHD 179 45.66 75 51.02 1.24 [0.85;1.81] 0.27 1.29 [0.87;1.92] 0.20 1.28 [0.85;1.94] 0.24

ADHD screen

No ADHD 286 72.96 92 62.59 1 0.02 1 0.01 1 0.03

Probable ADHD 55 14.03 35 23.81 1.98 [1.22;3.21] 2.09 [1.27;3.45] 1.96 [1.17;3.29]

Impulsive-aggression 118 30.10 52 35.37 1.27 [0.85;1.90] 0.24 1.40 [0.92;2.12] 0.11 1.35 [0.88;2.07] 0.18

Probable ADHD/Level of impulsive aggression

No/Low 166 42.35 50 34.01 1 0.36 1 0.08 1 0.28

No/High 47 11.99 22 14.97 1.55 [0.86;2.82] 1.73 [0.93;3.22] 1.69 [0.88;3.23]

Yes/Low 108 27.55 45 30.61 1.38 [0.86;2.21] 1.44 [0.88;2.35] 1.45 [0.86;2.42]

Yes/High 71 18.11 30 20.41 1.40 [0.82;2.39] 1.58 [0.91;2.75] 1.53 [0.87;2.70]

Table 4.  Serious suicide attempt according to ADHD screens, in childhood (WURS) and adulthood (ASRS), 
and impulsive-aggression levels. Model 0: Crude association. Model 1: Model adjusted for study site, gender, 
age. Model 2: Model adjusted for all covariates in model 1 plus Eating disorder and treatment intake: Mood 
Stabilizer Antipsychotic. Current ADHD: Positive ASRS screen (≥4). Probable ADHD: Positive WURS screen 
(>46) and ASRS screen (≥4).
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attention deficit and hyperactivity) were at higher risk to attempt suicide and self-harm than those with an inat-
tentive type25. Children with the hyperactive-impulsive ADHD subtype were at greater risk of attempting suicide 
than healthy controls, contrary to children with the inattentive subtype18.

Previous epidemiological studies have suggested the existence of an independent link between ADHD and the 
risk of SB, i.e. after adjustment for associated psychiatric disorders. A Swedish cohort including over 50 000 sub-
jects with ADHD showed that they were more likely to attempt (OR = 3.6) and complete suicide (OR = 5.9) than 
matched controls17. Along the same line, the study led by Stickley et al.16 in a representative sample of the general 
population (n = 7403) found that the odds for a lifetime suicide attempt ranged from 1.6 to 2.4 in subjects with 
ADHD symptoms compared to those without16. Accordingly, our results show that probable ADHD is associated 
with highly lethal suicide attempts (leading to admission in an intensive care unit) independently of comorbid 
psychiatric disorders, treatment or impulsive-aggression levels. Serious suicide attempters, if they survive, often 
complete suicide later in life26,27.

The importance of comorbid substance use disorder in the severity features of SB are consistent with results 
of previous studies. Kelly et al.28, reported increased odds ratios for lifetime suicide attempts among male adoles-
cents with comorbid ADHD and substance use disorder compared with those with substance use disorder only 
(OR = 2.8; CI = 1.2–6.2)28. Substance use may exacerbate ADHD symptoms leading to violent acts such as suicide 
attempts29, and may contribute to a poorer prognosis of ADHD30. A cross sectional self-report survey on 4 938 
Turkish students showed that lifetime drug and alcohol use was associated with more ADHD symptoms31. ADHD 
may lead to an earlier onset and longer duration of substance use32,33, which in turn increase the risk for suicidal 
ideation and SB among adolescents34. Indeed, early initiation of substance use is associated with risk factors for 
suicide in high school students, including suicidal ideation and suicide attempts35. The prospective Minnesota 
twin family study showed that the hyperactivity/impulsivity component of ADHD, but not inattention, predicted 
the onset of substance use by 1836. Hence, higher impulsivity traits in patients with co-existing ADHD and sub-
stance use may facilitate the early onset of SB.

Similarly, the association between ADHD status and frequent or early suicide attempts was moderated by 
mood disorders in our study. Indeed, comorbidity between bipolar disorder and ADHD is frequent37,38 and lit-
erature shows greater incidence of suicide attempts in patients with ADHD and bipolar disorder than in patients 
with only bipolar disorder (3% vs 1.1%, p = 0.005)39. Depression mediates also the relationship between symptom 
severity of ADHD and suicidal ideation and SB in adults14.

Finally, current psychotropic treatment intake also mediates the relationship between ADHD status and fre-
quent or early suicide attempts. An increased risk for suicidal ideation has been reported in the meta-analysis 
conducted by Bangs et al.40 in pediatric patients treated with atomoxetine, but recent cohort studies and 
meta-analysis did not find any significant relationship between atomoxetine or methylphenidate use and the 
emergence of suicide attempts or suicide deaths during follow-up41–44. Furthermore, participants treated with 
psychotropic non-stimulant medication were more likely to have a past history of suicidal behaviors, with earlier 
and more frequent suicide attempts than those admitted without psychotropic treatment. Indeed, ADHD worsens 
the severity and the outcome of comorbid psychiatric diagnoses45. Individuals with ADHD show earlier onset 
of bipolar disorder and major depressive mood disorder compared with those without ADHD38. Additionally, 
patients with ADHD comorbid with bipolar disorder were more frequently depressed and had shorter periods 
of wellness46. Hence, patients with bipolar disorder or depression comorbid to ADHD may demonstrate poorer 
outcome resulting in more frequent and earlier suicidal behaviors, and may be more likely to need psychotropic 
treatment at the time of evaluation.

Our findings should be interpreted in light of some methodological issues: (i) our sample is composed of 
patients recruited in the aftermath of a suicide attempt and treated in a post-acute care unit; ii) we did not per-
form a structured clinical interview to confirm the diagnosis of ADHD in patients with positive screening; (iii) 
we did not perform objective neuropsychological testing to assess executive functioning, memory and motivation 
impairments, these factors potentially mediating the relationships between ADHD, impulsive-aggression symp-
toms and characteristics of suicidal behaviors; iv) the retrospective assessment of ADHD symptoms in childhood 
with the WURS may introduce a recall bias; and iv) the independent use of ASRS leads to a high rate of false pos-
itive cases, 47.1% in our study, especially in patients with bipolar disorder or substance use disorders. However, 
the use of WURS scale has the advantage of evaluating ADHD symptoms before the onset of most psychiatric 
disorders, and we used a conservative cut-off (>46) which is adapted to psychiatric populations. The combination 
of both ASRS and WURS found a rate of probable ADHD diagnosis (16.7%) similar to those obtained in other 
clinical samples of patients with psychiatric diseases47.

This is the first study to evaluate the association between probable ADHD and SB severity in a large and 
well-characterized clinical sample of suicide attempters. ADHD was evaluated through two validated specific 
scales, a method which has been previously applied to detect adult patients with ADHD48. Importantly, results 
were adjusted by psychopharmacological treatments and psychiatric comorbidities, including substance use 
disorders.

In summary, our results improve the characterization of SBs among ADHD patients. The association between 
ADHD and severity features of suicide attempts appears to be driven to a large extent by psychiatric comorbidities 
and impulsive-aggression levels, especially concerning early suicide attempts. Overall, our results suggest that 
impulsive-aggression levels predict severity of SB in ADHD and should be systematically controlled in suicidal 
patients with ADHD. However, ADHD symptoms persisting into adulthood may predict suicide attempts of high 
medical lethality independently of other clinical factors. These points deserve further research in prospective 
samples.

https://doi.org/10.1038/s41598-019-41046-y
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Methods
Population.  Patients included in the present study were recruited as part of a multi-site study involving three 
French cities: Nancy, Creteil, and Montpellier. Overall, 684 consecutive French speaking adult patients admitted 
in post-acute care units after a suicide attempt were recruited between 2005 and 2016 and received evaluation of 
ADHD and impulsive-aggression symptoms during the first week of their hospitalization. Patients were included 
after receiving a full explanation of the nature of the study and providing their written informed consent. All 
experimental methods were carried out in accordance with the ethical guidelines determined by the National 
Ministry of Health, Labour and Welfare and the Declaration of Helsinki. This study was approved by the local 
ethics committee (CPP Sud Mediterrane ́e IV, CHU Montpellier, France). Patients with current psychotic symp-
toms or lifetime diagnosis of schizophrenia were not included in the present study. All patients had a structured 
interview by trained psychiatrists or psychologists.

Evaluation.  ADHD symptoms assessment.  Symptoms of ADHD were assessed with two validated self-report 
questionnaires. The Wender Utah Rating Scale (WURS), a 61-item retrospective self-report questionnaire of child-
hood symptoms. Twenty-five items assess the presence of ADHD symptomatology in childhood49. Each item is 
measured on a five-point Likert scale (0–4), and item responses are summed. The cut-off score of 46/100, which 
is adapted to screen ADHD in psychiatric populations50, was used51.

Patients also completed the screener version of the Adult ADHD Self-Report Scale (ASRS)52, based entirely 
on the six items with the most stable psychometric properties of the DSM-IV-TR “A” criteria. The World Health 
Organization (WHO) recommended ASRS for screening of ADHD symptoms in adults and it has been used in 
numerous studies for the categorization of ADHD in adult patients16,53. According to the ASRS screener, patients 
with at least four out of six items rated with a pathological intensity were categorized as having current ADHD 
symptoms.

Patients with both childhood and current ADHD symptoms, according to WURS and ASRS scales respec-
tively, were classified as having a probable adult ADHD diagnosis (hereafter probable ADHD)48.

Suicidal behavior characteristics.  SB was assessed with the Columbia Suicide History Form54 and Section O of 
the Diagnostic Interview for Genetics Studies (DIGS)55. A suicide attempt was defined according to the National 
Institute of Mental Health as a self-destructive behavior with some degree of intent to end one’s own life56. We 
defined four principal outcomes to characterize the severity of lifetime SB: the frequency of suicide attempts, the 
age at first suicide attempt, the seriousness and the violence of suicide attempts57,58.

Age at first suicide attempt was defined as the age at which the patient first made a suicide attempt and cat-
egorized according to a previously established cut-off (>26 and ≤26 years)59. A frequent suicide attempter was 
defined as having more than two lifetime suicide attempts.

Suicide attempts were considered violent if one of the following methods were used: hanging, firearms, cutting 
requiring surgical care, throwing oneself under a train and jumping from heights. Conversely, drug overdose and 
superficial wrist cutting were considered to be non-violent58,60. Suicide attempts were considered as serious if 
admission to intensive care unit was needed61. A family history of SB was also assessed.

Socio-demographic, lifestyle and psychological measures.  All patients had a structured clinical interview to 
assess socio-demographic and lifestyle variables, such as age at inclusion, gender, tobacco use, marital status, 
and educational level. The main psychiatric diagnoses (i.e anxiety disorders, major depressive disorder, bipo-
lar disorder, eating disorders, alcohol use disorder and other substance use disorders) were assessed with the 
Mini-International Neuropsychiatric Interview (MINI)62. At the time of inclusion, 493 (95.73%) patients were 
taking psychotropic drugs (66.60% antidepressants, 51.84% benzodiazepines, 48.74% antipsychotic agents and 
22.52% mood stabilizers).

Impulsive-aggression assessment.  Traits of impulsive-aggression were assessed using the Buss-Durkee Hostility 
Inventory (BDHI), a 75 items self-report questionnaire63. In the absence of validated pathological thresholds, the 
BDHI total score was divided into tertiles. A cut-off of 47 (corresponding to the highest tertile of the distribution) 
indicates a high impulsive-aggression level.

Statistical analysis.  Associations between sociodemographic, lifestyle, comorbid psychiatric disorders, 
impulsive-aggression levels, and SB severity features (number of suicide attempts, age at first suicide attempt, 
seriousness and violence of the suicide attempts) were analyzed using Chi-square test (for categorical variables) 
and Student’s t-test (for continuous variables). Study site and variables associated with SB severity features (at 
p < 0.15) were included in logistic models to estimate adjusted odds ratios (OR) and their 95% confidence inter-
vals (CI) for childhood and current ADHD symptoms, and probable ADHD. Significance level was set at p < 0.05. 
Statistical analyses were performed using SAS statistical software (version 9.4; SAS Inc, Cary, NC).

Data Availability
The datasets generated during and/or analysed during the current study are available from the corresponding 
author on reasonable request.
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