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a b s t r a c t
a r t i c l e i n f o
Objective: To investigate suicidal ideation (SI) in patients with adult ADHD (aADHD), and its association with
gender and psychopathology.
Methods: Case-control study with 206 participants (patients= 103/healthy controls= 103;matched on gender,
age, and education). SI was assessed by the Beck-I Depression-Inventory. The Conners' Adult ADHD Rating Scale
(CAARS) was used to characterize the ADHD symptom-domains.
Results: Compared to controls, the likelihood of SIwas significantly higher in femaleswith ADHD (odds ratio[OR]=
25.0 (95%CI:2.98–200.0); the difference was not significant in males (OR = 2.09 (95%CI:0.75–5.81). In females,
“Problems with Self-Concept” scores on the CAARS showed the closest association with SI (OR =
5.60,95%CI:2.34–13.41]), while in males it was “Impulsivity” scores (OR = 3.01,95%CI:1.50–6.06).
Conclusion: Our findings extend previously described transdiagnostic associations of specific psychopathological
risk factors to aADHD, including problems with self-concept and impulsivity, which are robustly associated with
suicidality across diagnostic boundaries. In addition, they indicate that these associations exhibit pronounced
gender-specificity in aADHD.

© 2018 Elsevier Inc. All rights reserved.
1. Introduction

Suicide is one of the leading causes of mortality worldwide, and it
ranks among the first three causes of death for both men and women
between the ages of 15–44 in the majority of countries [1]. Accumulat-
ing evidence indicates that Attention Deficit Hyperactivity Disorder
(ADHD), a common neurodevelopmental disorder, which typically
starts at young ages and persists in a high percentage in adulthood, is
associatedwith a high prevalence of suicidal behaviors, such as ideation,
planning, attempts and completed suicides [2]. This can be attributable
to the specific psychopathology of the disorder that includes symptoms
of impulsivity and hyperactivity as well as problems with self-concept
and low self-esteem [3], which may increase the risk of suicidal
behaviors [4–6].

Suicidal behaviors are characterized by a pronounced gender
difference: females attempt suicide more frequently than males in
most western countries, while male suicide rates are substantially
higher from adolescence to adulthood [1,7,8]. ADHD exhibits a marked
gender difference both in terms of symptom presentation [9,10] and
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neurobiological background (e.g., different morphometric changes
between boys and girls with ADHD in the ventral anterior cingulate, a
brain area involved in emotion regulation) [6,11]). With respect to
gender-specific symptom presentation, females with ADHD tend to
have lower ratings on hyperactivity, impulsivity, and externalizing
problems as compared to males. In addition, females with ADHD are
found to manifest more inattention, anxiety and affective symptoms,
and internalizing problems [4,12]. Despite these observations, investi-
gation of gender difference in suicidal behaviors in ADHD has been a
neglected area of research [2]. Our goal was to study the question of
how gender influences the risk of suicidal ideation (SI) in adult ADHD
(aADHD), and whether the psychopathological profiles that underlie
SI differ between male and female patients.

Investigation of suicidal ideation in a population at risk is essential
since SI is postulated as the starting point of a key pathway, which
progresses, via a continuum of suicide behaviors, to completed suicide
[13–15]. Indeed, SI has been shown to be a powerful predictor of
completed suicide [16,17]; therefore, the knowledge of the risk factors
for SI is important in suicide prevention. Study of suicidal ideation in
adults with ADHD is particularly important since patients with ADHD
receive negative feedback during their course of the disease, which
results in negative self-referential thinking with a deleterious impact
on self-esteem [4,5]. This puts them at increased risk for suicidal behav-
iors, which escalate over time and frequently lead to completed suicide
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[4,18]. A systematic review on suicidality in ADHD noted that one third
of ADHD patients had suicidal ideation in adulthood, and that the rate of
previous suicide attempts was the highest (16%) in adults as compared
to children or adolescents [19].

As shown by a series of systematic reviews of the literature starting
from the early 2000s [13,19–21], evidence for the association between
increased suicidality with ADHD has grown considerably during
the past fifteen years. Nevertheless, the issue of the potential gender
difference in suicidal behaviors in aADHD remains unaddressed. The
most recently published systematic review of the literature on the
connection between ADHD and suicidality [2], covering the period
after 2011, identified a total of 26 studies as potentially relevant from
the published literature. However, as stated in the review, only three
of these studies dealt with sex differences in ADHD with respect to
suicidality [22–24]. Taken together, these studies yielded inconsistent
findings, and had certain limitations.

In particular, one of the above mentioned studies [24] was a large
register-based full population study from Sweden, which revealed a
substantially greater increase in females than in males in the risk of
suicide attempts in aADHD patients as compared to matched control
subjects from the general population. The study, however, did not
yield data on suicidal ideation. The second study [22] analyzed data
from the US National Comorbidity Survey Replication (NCS-R), and
reported a numerically higher proportion of females than males in
patients with aADHD who attempted suicide as compared to those
who did not. It also found an elevated risk of SI in females as
compared to males in the pooled sample of aADHD and control
subjects, but could not detect a gender-specific interaction with
diagnostic status. The third study [23] was conducted in children
with ADHD (average age 8.8 years), and had no control group. There-
fore, it is difficult to establish whether a greater increase in the risk of
SI in ADHD compared to controls occurred in females than in males.
In terms of absolute (%) prevalence of SI, the study did not find a
statistically significant difference between males and females.
Overall, neither of the above studies relied on a clinical diagnosis of
ADHD, or had a detailed assessment of various dimensions of
psychopathology of ADHD.

Mounting evidence supports the idea that potential psychopath-
ological risk factors may make a differential contribution to suicidal
behaviors in women and men in non-psychiatric populations and
across various nosological entities [25]. For example, self-esteem
was found to be lower in females than in males among healthy
individuals [26], and the relationship between self-esteem and
depression, which is closely associated with suicidal behaviors, is
more pronounced in females [27]. In general, female as compared
to male patients may have a higher severity on certain psychopatho-
logical traits and have a higher proportion of comorbidities that
predispose for suicidal behaviors (e.g., depressive traits, affective
comorbidities). With respect to differential psychopathological
contributions, Verona et al.'s study [28] based on a large epidemio-
logical (community) sample found that “women, more than men,
showed strong relationships between comorbid externalizing and
internalizing psychopathology and suicide attempt history”, while
externalizing psychopathology uniquely predicted suicidal behaviors
in both genders (even though women showed fewer externalizing
symptoms).

However, despite the aforementioned findings, it remains
unclear how gender interacts with psychopathology in determining
suicidal behaviors in patients with ADHD. Thus, in the current article,
we will first analyze whether female and male patients with aADHD
differ in their propensity to engage in suicidal thoughts and ideation.
Second, we will examine whether women and men with aADHD
show a different pattern of association between basic psychopatho-
logical dimensions in ADHD, as measured by the four symptoms
domains of the Conners' Adult ADHD Rating Scale (CAARS), and
suicidal ideation.
2. Methods

2.1. Participants

A total of 206 subjects participated in this matched case-control
investigation: 103 ADHD patients and 103 healthy controls. The data
collection took place between 07/01/2012 and 06/31/2017. The
rationale for the sample size was guided by consideration of statistical
power. A cross-sectional study conducted in 17 countries [29] estimated
that the lifetime prevalence of suicidal ideation as 9.3% in the general
population.We used this estimate for the control group for the determi-
nation of statistical power, and posited a medium effect size (odds ratio
[OR] = 3.0) for an increase in the likelihood of suicidal ideation in
patients with ADHD vs. controls. Results indicated that 103 subjects/
group would yield approximately 80% statistical power to detect a
difference (i.e., OR ≥ 3) between the ADHD and control group at the
alpha threshold of 0.05 [30].

Patientswith aADHDwere recruited from theDepartment of Psychi-
atry and Psychotherapy, Semmelweis University, Budapest, which
provides an outpatient service for adults with ADHD in Hungary.
Controls were recruited from the office and medical staff at the Univer-
sity and their acquaintances, using the 90-item Symptom-CheckList
(SCL-90R) [31] to exclude psychiatric comorbidity.

Inclusion criteria for patients were a diagnosis of ADHD according to
the DSM IV criteria, confirmed with a semi-structured interview with
the treating physician; lack of history of any psychotic disorder; and
current age at enrollment into the study in the range of ≥18–65 years.
Exclusion criteria for all participants (both patients and healthy
controls) included a history of severe neurological or somatic disorder,
or severe head trauma. This criterion was adopted since certain neuro-
logical illnesses (e.g., epilepsy and other seizure disorders, sensory
integration disorder) and head trauma (especially if it involves the
frontal cortex) may produce symptoms that mimic and overlap symp-
toms with ADHD (e.g., distractibility, deficits in attention, hyperactivity
and/or impulsiveness);moreover, they are likely to receive concomitant
pharmacological treatment, which may confound the findings [32].

Additional exclusion criteria for control subjectswere (a) a history of
psychiatric illness; and (b) the presence of severe psychiatric symptom
distress, as measured by a score outside the normal range on the
SCL-90R scale [31]. Psychiatric distress outside the normal range was
defined according to the Derogatis citeria [33], as either a Global
Severity Index (GSI) score or 2 or more subscale scores on the SCL-90
scale at or above a T score of 63. Normalized and standardized T scores
were derived usingUnoka et al.'s data [34]who examined the validity of
the Hungarian version of SCL-90 in a normative sample. Raw score
cutoffs for psychiatric distress outside the normal range have been
published (Table 2, [34]). Finally, controls with a prior history of
ADHD in childhood were excluded from our study.

We applied a matched case-control design since this design may
increase efficiency when the distribution of the matching covariate
can differ considerably between the case and control populations [35],
e.g., gender, age and education attainment with regard to ADHD and
healthy control subjects. These variables were selected for matching
because available data indicate (e.g., a cross-national study including
17 countries [29]) that common and consistent risk factors in the
general population for suicidal behaviors include gender (females are
more at risk), younger age, lower level of education, and unmarried
status. Moreover, these risk factors, such as gender, age and education
level, also play a fundamental role in the course and symptommanifes-
tation of ADHD. Control subjects were individually matched to ADHD
patients at a one-to-one ratio on the basis of gender, age (within
5 years), and education achievement (no college vs. college education
or higher).

Participants gave written consent according to a protocol approved
by the institutional review board (Permission#:015340-004/2015/
OTIG), and compliant with the Declaration of Helsinki.
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2.2. Measures

The Beck Depression Inventory (BDI) (Beck-I, 21-item version, item
range: 0–3) [36]was applied to assess the presence of suicidal thoughts.
In particular, item 9 characterizes suicidal thoughts andmotivation on a
4-point scale: 0- “I don't have any thoughts of killingmyself.”; 1- “I have
thoughts of killing myself, but I would not carry them out.”; 2- “I would
like to kill myself”; and 3 – “I would kill myself if I had the chance.”

This item has been used in earlier research as a stand-alonemeasure
of suicidal ideation [37]. In our study, similar to prior research [37],
responses to item 9 of the BDI (“suicide question”) were dichotomized,
contrasting those subjects who had a score of 0 with those who had a
score N 0 on BDI item 9 (i.e., subjects who endorsed suicidal thoughts)
[37]. This measure of SI has been validated in Hungary [38,39].

The total score on the SCL-90R was used to describe the severity on
general domains of psychopathology.

The Conners' Adult ADHD Rating Scale (CAARS) [40–42] was used to
characterize the fourADHDsymptomdomains, including Inattention,Hy-
peractivity, Impulsivity and Problems with Self-Concept. We used the
Self-Report, Long Version form of the scale in our study [42]. The scale
has 66 items, each scored on a 4-point range from 0 through 3. The
CAARS has a 4-factor structure that characterizes symptoms across the
following core psychopathological domains: Inattention (12 items,
domain score range: 0–36), Hyperactivity (12 items, domain score
range: 0–36), Impulsivity (11 items, domain score range: 0–33) andProb-
lems with Self-Concept (6 items, domain score range: 0–18). CAARS is a
psychometrically sound scale with good internal-consistency (coeffi-
cient-alpha ranging from 0.86 to 0.92 for the 4 factors) and test-retest
reliability (median = 0.93 [42]). The four-factor structure of the CAARS
Scale that we adopted for our analyses and its external validity with
regard to functional impairment have been assessed and confirmed in
two of our prior studies that focused on an aADHD population [43,44].

The clinical and psychometric data were collected by personnel of
the Outpatient Service trained in the administration of the clinical inter-
views and questionnaires used in the study. Face-to-face interviews
were conducted at the Department of Psychotherapy and Psychiatry,
Semmelweis University, Budapest, Hungary, which provides an outpa-
tient service for patients with adult ADHD in Hungary.

2.3. Statistical analysis

We applied logistic regression (LR), using the Statistical Analysis Sys-
tem v9.4 GLIMMIX Procedure [45]. The presence of suicidal ideation was
used as the dependent variable. Grouping (aADHD vs. control), gender
and their interaction served as independent variables. Agewas a covariate.
We applied a hierarchical matched-pair analysis design in order to take
into account the lack of independence of patient cases and individually
matched controls in the sample. Accordingly, case-control cluster (“pair-
id”) was applied as a stratifying (subject-level) factor in the analyses.
The association of suicidal ideation with the independent variables was
characterized by the odds ratio (OR). LR analyses were also applied to
test the association between the ADHD symptom domains and the pres-
ence of suicidal ideation.Moreover,we investigatedwhether the presence
of comorbidities (any comorbidity [yes/no], affective comorbidity [yes/
no]) and medication status (methylphenidate medication [yes/no] influ-
enced the findings. Since prior data indicate that unmarried status and di-
vorce may serve as risk factors for suicidal ideation [29,46,47], we also
explored whether these factors are associated with suicidal ideation.

3. Results

3.1. Demographic characteristics

As shown by Table 1, due to the individual one-to-onematched-pair
design patients with aADHD (N= 103) and controls (N= 103) had no
difference in the proportion of males (58.3% in both groups).
The mean age was also virtually identical in the two samples
(approximately 31 years in each group; F = 0.01, df = 102, p = 0.94).
Almost half of the sample attained college or higher education in both
groups (aADHD = 47.57%, Control = 45.63%; Chi-square = 0.08, df =
1; p = 0.78). The two groups were similar in marital status, with a little
more than one-fourth of the sample being married in both groups.
There were 7 subjects who underwent divorce (6 with ADHD, and 1
control subject). In the divorced group, there was a higher proportion
of patients with suicidal ideation (57.1%, 4/7) than in the non-divorced
group (16.6%, 33/166); the difference was statistically significant
(Fisher's exact test, two-sided p = 0.0201).

Patients with aADHD showed a numerically higher divorce rate
(5.83%, 6/103) than controls (0.97%, 1/103), but the difference was
not statistically significant (p = 0.12). In the aADHD group, 66.7%
(4 of 6) of subjects with divorce endorsed suicidal ideation as com-
pared to 25.8% (25 of 97) with no divorce (Fisher's Exact Test, p =
0.051). The analogous numbers in the control group were 0% (0 of
1 with divorce) and 7.84% (8 of 102 with no divorce) (Fisher's
Exact Test, p = 1).

There was a significant group-difference in the CAARS symptom
domains: as expected, patients showed higher severity in all domains.
A total of 24 (23.3%) of 103 patients had comorbidity according to the
DSM-IV system. The majority of comorbidities (18[17.48%] of 103
patients) fell into DSM-IV affective-categories, including, depressive,
bipolar and anxiety disorders; the remaining conditions included
substance use, obsessive-compulsive, and personality disorders. Approx-
imately half of the patients receivedmethylphenidate treatment (n=52,
50.49%), with no significant difference between females (55.81%) and
males (46.67%) (Chi-square = 0.84, df = 1; p = 0.36).
3.2. Suicidal ideation in aADHD group vs. controls

As shown by Table 1, the proportion of suicidal ideation was 28.16%
and 7.77% in the aADHD and control groups, respectively (OR = 4.65,
95%CI = 2.01–10.78; Chi-square = 14.53, df = 1, p b 0.0001).

To examine whether SI varied as a function of diagnostic group,
gender and group-by-gender interaction, we applied LR models
both without and with adjustments for potentially important covar-
iates including comorbidities, methylphenidate treatment and
marital status.

The LR analysis without covariate adjustment (see Table 2, 1st row)
revealed that the likelihood of SI varied significantly with diagnostic
status (aADHD vs. control) (F = 11.08, df = 1,97, p = 0.0012), with
no main effect for gender. The interaction with gender was significant
(F = 4.37, df = 1,97, p = 0.0398), indicating that the association of
diagnostic group with SI was different in men and women. Thus, we
performed post-hoc analyses to delineate differences in the increase
of SI between female and male patients as compared to controls.
These analyses indicated that females with aADHD exhibited approxi-
mately 16-fold increase in the likelihood of suicidal ideation vs. controls
(from2.33% to 37.21%),with anORof 25.0 (95%CI: 2.98–200.0) (t=3.0,
df = 97, p = 0.0034). By contrast, in males the increase was more
modest (from 11.67% to 21.67%; OR = 2.09 (95%CI: 0.75–5.81)), and
was not significant (t = 1.44, df = 97, p = 0.15).

The LR analyses with covariate adjustment (see Table 2, rows 2
through 5) showed that the main effect of diagnostic group, and the
group-by-gender interaction remained significant in all analyses.
Furthermore, the adjustment for comorbidities, MPH treatment and
marital status did not substantively change the results, i.e., both in
males and females the adjusted ORs for the diagnostic group difference
(aADHD vs. control) remained similar in magnitude to the unadjusted
ORs. The effect of covariates was not significant in any of the analyses;
nonetheless, it is noteworthy the comorbidities were associated with a
moderate numerical increase in the risk of SI while married status was
accompanied with a numerical decrease.



Table 1
Basic demographic and clinical characteristics of the study sample.

Characteristic Healthy Control
N = 103

ADHD
N = 103

Test-statistica

F/Chi2
p

Age (mean, SD)b

Male, N (%)
30.92 (9.84)

60 (58.25%)
30.82 (10.39)

60 (58.25%)
0.01c

0.00d
0.94
1.00

Education level (college or higher), N (%) 47 (45.63%) 49 (47.57%) 0.08d 0.78
Marital status (married), N(%) 29 (28.16%) 26 (25.24%) 0.22d 0.64
Divorced (Yes), N(%) 1 (0.97%) 6 (5.83%) -e 0.12
Score on CAARS subscalesf,g

Inattention 9.6 (6.02) 23.8 (7.2) 228.40c b0.0001
Hyperactivity 10.5 (6.0) 21.1 (6.6) 141.87c b0.0001
Impulsivity 8.3 (4.8) 19.2 (6.1) 197.03c b0.0001
Problems with self-concept 4.4 (3.9) 10.7 (4.7) 105.65c b0.0001

Stimulant medication, N (%)h - 52 (50.49%) - -
Affective comorbidity N (%)i - 18 (17.5%) - -
Any comorbidity N (%)i - 24 (23.3%) - -
Suicidal ideation (SI) present N (%)j 8 (7.77%) 29 (28.16%) 14.53

OR: 4.65 (CI: 2.01-10.78)
0.0001

Abbreviations: OR, odds ratio; CI, 95% confidence interval; SD, standard deviation.
a Chi-square test for categorical, ANOVA for continuous variables.
b Inclusion criterion for age: ≥18–65 years. Actual age range for controls and patients with ADHD was 19–59 and 19–64 years, respectively.
c ANOVA, F.
d Chi-square test, Chi-square.
e Fisher's Exact Test.
f CAARS=Conners' Adult ADHD Rating Scale. CAARS subscale score ranges: Inattention = 0–36; Hyperactivity = 0–36; Impulsivity = 0–33; Problems with Self-Concept = 0–18.
g No significant difference between males and females was present on any of the CAARS subscales in the ADHD or Control group (p N 0.05 in all comparisons).
h Methylphenidate (MPH). The proportion of subjects withMPH treatment did not differ significantly between females (55.81%) andmales (46.67%) (Chi-square= 0.84, df= 1; p=0.36).
i Affective-comorbidities includedDSM-IVdepressive, bipolar and anxiety disorders; the remaining conditions included substance use, obsessive-compulsive, and personality disorders.
j SI wasmeasured by item 9 on the Beck Depression Inventory, which captures suicidal thoughts andmotivation on a 4-point scale: 0-“I don't have any thoughts of killing myself.”; 1-“I

have thoughts of killing myself, but I would not carry them out.”; 2-“I would like to kill myself”; and 3–“I would kill myself if I had the chance.” The dichotomous variable, presence of SI
(i.e., score of 0 vs. score N 0 on item 9) was investigated.
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3.3. ADHD symptom domains vs. suicidal ideation

Similar to the analyses of the diagnostic group effects, we applied LR
models both without and with adjustments for potentially important
covariates to examine whether SI varied as a function of symptom
severity, gender and symptom severity-by-gender interaction.

In the unadjusted LR models, analyses of the association of CAARS
symptomdomainswith SI revealed a significantmain effect of symptom
severity in all four domains. Furthermore, symptom severity had signif-
icant gender interactions in two domains: Problems with Self-Concept
and Hyperactivity (see Table 3). The strengths of the association of
symptom severity with suicidal ideation, as indexed by the ORs, are
illustrated in Fig. 1 for females and males, respectively.

It is noteworthy that for each domain the OR was higher for females
than for males. Furthermore, the pattern of associations of suicidal
ideation with the four basic ADHD symptom domains reveals a specific
psychopathological profile in females and males (Fig. 1). In females,
Problems with Self-Concept scores on the CAARS manifested a close
association with suicidal ideation, although symptom severity in other
symptom domains, especially in impulsivity, also had a relationship. In
Table 2
Association of suicidal ideation (SI) with diagnostic group, gender and covariates in patients w

Covariate Group Gender Group × Gende

F/pb F/pb F/pb

– 11.08 0.0012 0.64 0.425 4.34 0.043
Any comorbidity, yes/no 8.99 0.0034 0.65 0.421 4.26 0.042
Affective comorbidity, yes/no 9.38 0.0028 0.64 0.426 4.29 0.0411
MPH treatment, yes/no 9.57 0.0026 0.64 0.427 4.32 0.040
Marital status, married/unmarried 10.92 0.0013 0.64 0.426 4.41 0.038

Abbreviations: OR = odds ratio; 95%CI = 95% confidence interval; MPH = Methylphenidate;
a Logistic regression (LR) based on a hierarchical matched-pair design was used. SI (present

interaction were used as independent variables. The analyses were conductedwithout (1st row
b Test–statistic (F) and alpha–error (p) from the LR model.
c The association of SI withmodel with independent variables and covariateswas characteriz

the likelihood of SI.
males, Impulsivity had the closest association; Problems with Self-
Concept and Inattention had amodest relationship, while Hyperactivity
was not significantly related.

Adjustment for covariates, including comorbidities and MPH treat-
ment, did not substantially change the results. We found that all main
effects and interactions that were significant in the unadjusted LR
models were significant or marginally significant after the adjustment
(see Online Table 1). In addition, the adjusted ORs in males and females
for the diagnostic group difference were comparable to the unadjusted
ORs. The covariates did not reach significance in any of the analyses.

3.4. Subsidiary analyses

In subsidiary analyses we explored whether our main findings
remain significant if we contrasted controls with subgroups of aADHD
based on comorbidities (comorbidity present/absent) or MPH treat-
ment status (MPH treatment yes/no). We also examined whether
subgroups of ADHD based on comorbidities or MPH treatment (yes/
no) differed from each other. Our results indicate that in females the
difference between the aADHD and control subjects in the likelihood
ith ADHD and matched healthy control subjectsa.

r ADHD vs. Control: OR (95% CI)c Covariate effect

Male Female F/pb OR (95% CI)c

2.09 (0.75–5.81) 25.00 (2.98–200) n/a n/a
1.83 (0.63–5.32) 21.28 (2.50–200) 1.15 0.295 1.73 (0.60–4.98)
1.87 (0.65–5.38) 22.22 (0.63–200) 1.12 0.306 1.81 (0.55–5.99)
2.09 (0.69–6.33) 25.00 (2.79–200) 0.00 0.999 1.00 (0.40–2.48)
2.05 (0.73–5.81) 26.32 (3.01–250) 0.29 0.592 0.78 (0.31–1.96)

n/a = not applicable.
/absent) served as the dependent variable. Grouping (ADHD/control), gender and their
in Table) and with adjustment for potentially important variables (see subsequent rows).

ed by the OR. A value of OR N 1 andOR b 1, respectively, indicate an increase or decrease in



Table 3
Association of suicidal ideation (SI) with symptom severity on CAARS subscales, gender, and symtom severity–by–gender interactiona.

Symptom domain (CAARS Subscale) Effect of symptom severity on CAARS subscale Gender CAARS severity × Gender OR (95% CI)c

F/pb F/pb F/pb Male Female

Inattention 17.5 0.0001 0.4 0.526 0.7 0.406 2.95 (1.45–6.00) 3.63 (1.43–9.24)
Hyperactivity 8.6 0.0041 4.2 0.043 4.3 0.041 1.54 (0.61–3.89) 4.14 (1.68–10.16)
Impulsivity 23.4 0.0001 1.8 0.180 1.4 0.233 3.01 (1.50–6.06) 4.40 (1.82–10.65)
Problems with self–concept 11.7 0.0009 2.5 0.116 4.2 0.040 2.61 (1.28–5.30) 5.60 (2.34–13.41)

Abbreviations: CAARS=Conners' Adult ADHD Rating Scale. OR = odds ratio; 95% CI = 95% confidence interval.
a Logistic regression (LR) based on a hierarchicalmatched–pair design. SI (present/absent)was used as the dependent variable. Symptom severity on CAARS subscales, gender and their

interaction were the independent variables. A separate analysis was conducted for each CAARS subscale.
b Test–statistic (F) and alpha–error (p) from the LR model.
c Association of SI with symptom severity on CAARS subscales was characterized by the OR. ORs for the increase in the likelihood of suicidal ideation were computed for a 1–point

increase across all constituting itemsof a given CAARS subscale in order to assure comparability among the subscales. ORN 1 andORb 1, respectively, indicate an increase or decrease in the
likelihood of SI with symptom severity.
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of SI remained significant irrespective of comorbidity (present or
absent) or MPH treatment (yes/no) status (see Online Table 2).
Additionally, we note that even though the effect of comorbidities was
not significant, the presence of comorbidities was associated with
numerically higher ORs for SI. Furthermore, while MPH treatment was
associated with a numerical decrease in the OR for SI, this finding did
not obtain statistical significance. In males, similar to our principal
results detailed in Table 2, the analyses with respect to diagnostic status
did not reach statistical significance.

4. Discussion

Suicidal ideation is significantly increased in adult ADHD patients
compared to controls and the increase is considerably higher in females
thanmales. The finding that the increase is present regardless of comor-
bidities indicates that ADHD in itself is associated with markedly
increased suicidality.
Fig. 1. Relationship between the likelihood of suicidal ideation and symptom severity on the fou
females and males, respectively. Logistic regression (LR) analysis revealed, both for females an
severity. The association was statistically significant (p b 0.05) for each of the four symptom d
The interaction of gender with symptom severity reached statistical significance in the LR fo
severity was differentially related to suicidal ideation in females and males on these two subs
indicated by the odds ratio (OR) statistic; the numbers in parentheses depict 95% confidenc
1-point increase across all constituting items of a given CAARS subscale in order to assure com
CAARS. Asterisks (*) indicate statistical significance (p b 0.05) for a main effect in LR, horizonta
Our results with regard to gender difference are consistent, at least
in part, with two prior investigations of suicidal attempts in aADHD.
Specifically, one investigation [22], using data from the US National
Comorbidity Survey Replication reported a numerically higher propor-
tion (%) of females relative to males in ADHD patients with attempted
suicide as compared to patients who had no suicide attempt. The
study also found a higher risk of suicidal ideation in females as
compared to males in the pooled sample of ADHD and control subjects.
However, it could not demonstrate a gender-specific difference in the
association between ADHD and suicidal ideation. It remains unclear to
what extent this was due to the small sample size, or a small effect
size, and/or to the fact that the criteria used for ADHD in that study
were developed for children, and may not be applicable to adults [22].
The other study [24], similar to our results, found that the risk of suicide
attempts among aADHD patients was significantly higher in females
(ORs were 5.41[95%CI:4.60–6.36] and 2.93[95%CI:2.60–3.29] for
females and males, respectively).
r CAARS subscales (Inattention, Hyperactivity, Impulsivity, Problemswith Self-Concept) in
d males, a positive association between the likelihood of suicidal ideation and symptom
omains, with the exception of Hyperactivity, which did not obtain significance in males.
r the Problems with Self-Concept and Hyperactivity subscales, indicating that symptom
cales. The strength of the association between symptom severity and suicidal ideation is
e limits. ORs for the increase in the likelihood of suicidal ideation were computed for a
parability among the four subscales. Abbreviations: Conners' Adult ADHD Rating Scale,
l square-brackets with asterisks indicate a significant interaction.
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The fact that the association between diagnostic status and suicidal
ideation did not reach statistical significance for males is due to the
markedly lower effect size (males OR = 2.09, 95%CI: 0.75–5.81) as
compared to females (OR = 25.0, 95%CI: 2.98–200.0). In interpreting
this result, we also considered the fact that prior literature showed
that women were more likely to engage in suicidal behaviors than
men because they had a higher prevalence of depression, which is a
strong predictor of suicide attempts. However, in our study the propor-
tion of comorbidities was relatively low, and the results remained
significant after the adjustment for comorbidities.

Additionally, we considered that the gender difference in the
increased risk of suicidal ideation in patients with ADHDmay be attrib-
utable to the fact that women are more likely than men to engage in
self-directed aggression and suicidal behaviors [28], whereas men are
much more likely than women to exhibit aggression and assaultive
behavior against others [48]. There is evidence that externalizing
psychopathology in men is associated not only with self-directed [28]
but with other directed aggression as well [37]. On the other hand,
women, as compared to men, have been found to exhibit strong
relationships between co-occurring externalizing and internalizing
psychopathology and suicide attempt history [28]. Thus, the finding
that compared to controls female patients with ADHD showed a
substantially greater increase in the risk of suicidal ideation than
malesmay be due to the fact that female patientsmanifested high levels
on both externalizing (hyperactivity, impulsivity) and internalizing
psychopathology (problems with self-concept).

The association of suicidal ideation with the basic ADHD symptom
domains suggests a differential psychopathological pattern for
suicidality in females and males. Specifically, in females, Problems
with Self-Concept scores on the CAARS had a close association with
suicidal ideation, albeit symptom severity in other domains (especially
in Impulsivity) also had a relationship. In males, Impulsivity had the
closest association with suicidal ideation; Problems with Self-Concept
and Inattention exhibited a modest relationship, while Hyperactivity
was unrelated.

Our results, with the specific pattern of psychopathology that under-
lies suicidal ideation in females and males, are in line with emerging
functional Magnetic Resonance Imaging (fMRI) data [6]. The latter
indicate significant gender-by-brain volume interaction in the ventral
ACC (vACC) in children with ADHD. Specifically, never-medicated boys
exhibited decreased grey matter (GM) volume in vACC, which has
been associated with increased aggression in those who manifested
pathological levels of impulsive aggression. By contrast, never-
medicated girls with ADHD showed increased GM volumes when
compared to typically-developing girls. vACC and medial Prefrontal
Cortex (mPFC) activity have been found to be involved in negative self-
referential thinking; thus, the increased GM volumes in females with
ADHD may be related, at least in part, to suicidal ideation. This relation-
ship may represent a transdiagnostic association, as the vACC and mPFC
have been found to be involved in negative self-referential bias in
depression and mood disorders [49–51], and treatment with CBT in
depression improved vACC and mPFC activation [49].

Overall, our findings extend some of the previously described
transdiagnostic associations of specific psychopathological risk factors
to patients with ADHD, including problems with self-concept and
impulsivity, which are strongly related to suicidal behaviors across
psychiatric disorders (e.g., depressive, bipolar, psychotic, anxiety,
substance use, and impulse-control disorders) [7,52]. Moreover, they
indicate that these transdiagnostic associations exhibit pronounced
gender-specificity in aADHD.

The study was limited to a clinically-referred population. While this
limits generalizability, it provides an added strength by means of the
availability of detailed psychopathological and clinical evaluations,
which typically cannot be obtained in epidemiological studies. More-
over, the results may be particularly relevant since this population
manifests high symptom severity, which leads to an increased risk of
suicidality. Another limitation that should be kept in mind is that,
while patients and controls were matched on basic demographic
variables and controlled for key clinical variables including comorbidi-
ties and stimulant treatment, it is conceivable that our investigation
may have missed some of the relevant covariates. For example, ADHD
patients are known to experience more stress and negative life events
in their everyday lives [4], which in turn may increase negative affect
[53] that leads to suicidal ideation [54]. Accordingly, future research
should evaluate the role of further potentially important variables,
including the ratings of negative and positive affect. Finally, statistical
power to contrast controls with subgroups of aADHD based on comor-
bidity strata (present/absent) or MPH treatment status (yes/no) was
limited due to the small sample size for subgroup analyses in our
study. This rendered the subsidiary analyses exploratory. Larger studies
are therefore needed to further delineate the role of these factors
(comorbidies, stimulant treatment) in the gender specific increase in
SI we identified in this study, and to improve the precision of the OR
estimates.

Despite these limitations, the results of this study highlight the
importance of a gender-specific strategy for risk evaluation and preven-
tion. In particular, the strong association of Problems with Self-Concept
with suicidal ideation may be critically important for females with
ADHD, since it may provide information for the early recognition of
those who are at risk of suicide. This association can also be important
for prevention as there is evidence that, while untreated ADHD is
associated with poorer long-term self-esteem, a beneficial response to
treatment (pharmacological or nonpharmacological) can be elicited
for the majority of self-esteem outcomes [55]. It is recommended that
future research should focus on the evaluation of therapy that targets
difficulties with self-esteem, especially in females.

Supplementary data to this article can be found online at https://doi.
org/10.1016/j.comppsych.2018.06.003.
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