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Background

Attention-deficit hyperactivity disorder (ADHD) increases the risk
of suicidal behaviours through psychiatric comorbidities; how-
ever, a significant direct association has not been observed
between ADHD and suicide attempts.

Aims
To evaluate the risk of suicide attempt in adolescents and young
adults with ADHD.

Method

Using a nationwide, population-based insurance claims data-
base, this longitudinal cohort study enrolled 20 574 adolescents
and young adults with ADHD and 61722 age- and gender-
matched controls between 2001 and 2009. Any suicide attempt
was identified from enrolment to 31 December 2011. The asso-
ciation between ADHD medications and the likelihood of suicide
attempt was assessed.

Results

ADHD was an independent risk factor for any suicide attempt
(hazard ratio = 3.84, 95% Cl = 3.19-4.62) and repeated suicide
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attempts (hazard ratio = 6.52, 95% Cl = 4.46-9.53). Subgroup
analyses of men, women, adolescents and young adults
demonstrated the same trend. Methylphenidate or atomoxetine
treatment did not increase the risk of suicide attempt or
repeated suicide attempts. Long-term methylphenidate treat-
ment was associated with a significantly decreased risk of
repeated suicide attempts in men (hazard ratio = 0.46, 95%
Cl=0.22-0.97).

conclusion

ADHD was a risk factor for suicide attempt and a stronger pre-
dictor of repeated suicide attempts, independent of comorbid-
ities. Further investigation is warranted to explore the
mechanism underlying the association between ADHD and
suicidal behaviours.
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Introduction of ADHD

Attention-deficit hyperactivity disorder (ADHD) is a childhood-
onset neurodevelopmental disorder. Children are often diagnosed
with ADHD during preschool years following symptoms such as
frequent fidgeting or squirmy behaviours, inability to follow
instructions and high distractibility. The prevalence of ADHD
is estimated to be 5.29-7.1% in children and adolescents and
1.2-7.3% in adults.'™ The consequences of ADHD can persist
through adulthood if left untreated or uncontrolled. A study sug-
gested that ADHD is associated with an increased risk of various
psychiatric disorders such as depression, antisocial behaviours, sub-
stance misuse, cognitive impairments and loss of inhibition.* The
associated comorbidities may not only exert a negative effect on
person’s life but also have correlations among each other.

ADHD and suicidality

One important concern is the association between ADHD and sui-
cidal ideation, suicide attempts and suicidal behaviours. Studies
have reported that ADHD combined with its comorbidities may
be a risk factor for suicidal behaviours in children and adults;
however, less is known about a significant direct relationship
between ADHD and suicidal behaviors.>® A cohort study of 51
707 patients with ADHD concluded that ADHD increased the
risk of suicide attempts and completed suicide even after adjustment
for comorbidities.” In addition, some evidence suggested a possible
relationship between ADHD medications and suicide risk.®
McCarthy et al® demonstrated an increase in the risk of death by
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suicide associated with ADHD medications. Suicide has become
one of the leading causes of death in adolescents and young
adults globally; therefore, further investigation is warranted to elu-
cidate the direct association between ADHD and suicidal
behaviours.

Study goal

Using randomised controlled trials to explore the occurrence of sui-
cidal attempts in response to particular drug treatments or concomi-
tant psychiatric disorders is often extremely challenging and
controversial due to limited sample sizes, short study durations
and strict inclusion criteria. Therefore, large population-based obser-
vational studies may be preferred to overcome these challenges. In
this longitudinal cohort study, we used a nationwide, population-
based insurance claims database with a large sample size and a lon-
gitudinal follow-up study design to evaluate the risk of suicide
attempts in adolescents and young adults with ADHD.

Method

Data source

Taiwan’s National Health Insurance, a mandatory universal health
insurance program, was implemented in 1995 and offers compre-
hensive medical care coverage to all Taiwanese residents. The
National Health Research Institutes (NHRI) manages the insurance
claims database, ie. the National Health Insurance Research
Database (NHIRD), which consists of healthcare data from >99%
of the Taiwan population. The NHRI audits and releases the
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NHIRD for scientific study purposes. Individual medical records
included in the NHIRD are anonymously maintained to protect
patient privacy. Comprehensive information on insured individuals —
such as demographic data, clinical visit dates, disease diagnoses
and medical interventions - is included in the database. The
ICD-9 Clinical Modification (ICD-9-CM)° codes are used for
disease diagnosis. The NHIRD has been used extensively in many
epidemiologic studies in Taiwan.'®™"?

Inclusion criteria for ADHD and control cohorts

Adolescents (aged 12-17 years) and young adults (aged 18-29
years) who received a diagnosis of ADHD (ICD-9-CM 314) by
board-certified psychiatrists between 1 January 2001 and 31
December 2009 and did not have a history of suicide attempts
before enrolment were included in the ADHD cohort (Table 1).
The time of ADHD diagnosis was defined as the time of enrolment.
An age-, gender- and enrolment time-matched (1:4) control cohort
was randomly identified after eliminating the study individuals,
those who received a diagnosis of ADHD at any time and those
with a history of suicide attempts before enrolment. Any suicide
attempt was identified during follow-up (from enrolment to 31
December 2011, or until death) and was defined by the codes for
suicide attempts and non-accidental poisoning by drug and non-
medical substances. The codes were given by board-certificated phy-
sicians. Psychiatric comorbidities - including disruptive behaviour
disorders, unipolar depression, bipolar disorder, anxiety disorders,
alcohol misuse disorders and substance misuse disorders — were diag-
nosed by board-certificated psychiatrists and assessed as the con-
founding factors in our study. In addition, the use of ADHD

Table 1

574)

Age at enrolment (years, s.d.)

Gender
Male (n)

Female (n)

Methylphenidate treatment
<30 cDDD (n)

30-364 cDDD (n)
>365 ¢DDD (n)

Atomoxetine treatment
<30 ¢cDDD (n)

30-364 cDDD (n)
>365 ¢DDD (1)

Incidence of any suicide attempt (1)

Incidence of repeated suicide attempts (n)
Age at first suicide attempt (years, s.d.)
Duration between enrolment and the first suicide attempt (years, s.

d)

Psychiatric comorbidities (n)
Disruptive behaviour disorders
Anxiety disorders
Unipolar depression
Bipolar disorder
Alcohol misuse disorders
Substance misuse disorders

Level of urbanisation
1 (most urbanised) (n)

21
3(n)
4(n)
5 (most rural) ()

Income-related insured amount
<15 840 NTD/month (n)
15841-25000 NTD/month ()
>25001 NTD/month (n)

Adolescents and young adults with ADHD (n =20

ADHD, attention-deficit hyperactivity disorder; cDDD, cumulative defined daily dose; NTD, new Taiwan dollar.

Attention-deficit hyperactivity disorder and suicide

medications (methylphenidate or atomoxetine) during follow-up
was examined, and the study population was divided into three sub-
groups accordingly: non-users (cumulative defined daily dose
[cDDD] during follow-up <30), short-term users (cDDD = 30-364)
and long-term users (cDDD > 365). Furthermore, urbanisation
levels (1-5; level 1: most urbanized region; level 5: least urbanized
region) were assessed.'*

The Taipei Veterans General Hospital institution review board
approved this study.

Statistical analysis

For between-group comparisons, the independent t-test was used
for continuous variables and the Pearson x> test was used for
nominal variables, where appropriate. Cox regression analyses
were performed after adjustment for demographic data (age,
gender, income and urbanisation levels), psychiatric comorbidities
and ADHD medications to calculate hazard ratios, with a 95% con-
fidence interval, of any suicide attempt or repeated (two or more)
suicide attempts in the ADHD and control cohorts. Sensitivity ana-
lyses were performed to investigate the association between ADHD
and any suicide attempt after excluding the first year or first 3 years
of observation. In addition, we performed subgroup analyses on the
risk of any suicide attempt in gender- and age-stratified ADHD
groups: adolescents (<18 years old) and young adults (18-29 years
old). A two-tailed P-value <0.05 was considered statistically signifi-
cant. All data processing and statistical analyses were performed
with SPSS version 17 software and Statistical Analysis Software
(SAS) version 9.1 (SAS Institute, Cary, NC, USA).

Demographic data and incidence of suicide attempts among adolescents and young adults with ADHD and controls

Controls (n=61

722) P-value
14.94 (3.46) 14.94 (3.49) 0.992
1.000
16212 (78.8%) 48 636 (78.8%)
4362 (21.2%) 13086 (21.2%)
<0.001
8221 (40.0%) 61697 (100.0%)
9065 (44.1%) 24 (0.00%)
3288 (16.0%) 1 (0.00%)
<0.001
20229 (98.3%) 61722 (100.0%)
315 (1.5%) 0 (0.00%)
30 (0.1%) 0 (0.00%)
546 (2.7%) 333 (0.5%) <0.001
156 (0.8%) 57 (0.1%) <0.001
19.35 (4.43) 20.77 (4.56) <0.001
3.36 (2.66) 5.10 (2.63) <0.001
2289 (11.1%) 141 (0.2%) <0.001
1185 (5.8%) 249 (0.4%) <0.001
3860 (18.8%) 1133 (1.8%) <0.001
826 (4.0%) 150 (0.2%) <0.001
203 (1.0%) 293 (0.5%) <0.001
447 (2.2%) 431 (0.7%) <0.001
<0.001
4312 (21.0%) 18285 (29.6%)
6359 (30.9%) 19067 (30.9%)
1764 (8.6%) 11049 (17.9%)
1412 (6.9%) 8466 (13.7%)
6727 (32.7%) 4855 (7.9%)
<0.001

17005 (82.7%)
2907 (14.1%)
662 (3.2%)

48024 (77.8%)
10220 (16.7%)
3368 (5.5%)
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Results

This study included 82 296 individuals: 20 574 in the ADHD cohort
and 61722 in the age- and gender-matched control cohort. The
ADHD cohort had a mean age of 14.96 years, and 78.8% were
men. The ADHD cohort received significantly longer methylphen-
idate and atomoxetine treatments, had more psychiatric comorbid-
ities, lower income-related insurance amounts and a higher
proportion of the cohort was living in rural areas in comparison
with the control cohort (all P<0.001). The incidences of any
suicide attempt and repeated suicide attempts in the ADHD
cohort were 2.7 and 0.8%, respectively, which were significantly
higher than those in the control cohort (0.5 and 0.1%, respectively,
both P <0.001). The patients in the ADHD cohort were younger at
their first suicide attempt (19.35 v. 20.77 years, P < 0.001) and had a
shorter duration between study enrolment and their first suicide
attempt (3.36 v. 5.10 years, P <0.001) than the individuals in the
control cohort (Table 1).

Kaplan-Meier survival analysis revealed that the ADHD cohort
exhibited a significantly higher probability of any suicide attempt (P
<0.001; Fig. 1) than the control cohort. Cox regression analysis
showed that ADHD was an independent risk factor for any
suicide attempt (hazard ratio =3.84, 95% CI=3.19-4.62) and a
stronger risk factor for repeated suicide attempts (hazard ratio =
6.52, 95% CI=4.46-9.53). Furthermore, subgroup analyses of
men, women, adolescents and young adults exhibited the same
trend (Tables 2 and 3). After the observation data for the first
year or first 3 years were excluded, sensitivity analysis consistently
showed that ADHD was associated with a higher risk (hazard
ratio =2.76, 95% CIl=2.24-3.39 for adolescents; hazard ratio =
2.68, 95% CI =2.10-3.43 for young adults) of any suicide attempt
in adolescents and young adults (Supplementary Table S1, available
at https://doi.org/10.1192/bjp.2018.8).

Both methylphenidate treatment and atomoxetine treatment
were not significantly associated with the risk of any suicide
attempt and repeated suicide attempts (Tables 2 and 3). Notably,
the subgroup analyses revealed that long-term methylphenidate
treatment was associated with a significantly decreased risk of

1.00

0.99 +

0.98 -
0.97 1
0.96 -

0.95 K
1 Control cohort
-1 ADHD cohort

p<0.001

Survival curve of developing any suicide attempt

0.94 4

0 2 4 6 8 10 12
Follow-up duration (years)

Fig. 1 Survival curve of developing any suicide attempt among

adolescents and young adults with attention-deficit hyperactivity
disorder (ADHD) and controls.
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repeated suicide attempts in men with ADHD (hazard ratio =
0.46, 95% CI = 0.22-0.97; Table 3).

Discussion

The results of this longitudinal cohort study revealed that ADHD
was an independent and direct risk factor for any suicide attempt,
and an even stronger risk factor for repeated suicide attempts.
Methylphenidate or atomoxetine treatment did not increase the
risk of suicide attempts or repeated suicide attempts. According to
our review of the relevant literature, this study is the first to evaluate
the risk of repeated suicide attempts in adolescents and young adults
with ADHD.

The association between the risk of suicide attempts and ADHD
has largely been thought to be due to the comorbidities of ADHD.*
James et al'® reported that ADHD increases the risk of suicide
attempts in men by increasing the severity of comorbidities, particu-
larly depression and conduct disorders, and the direct relationship
between ADHD and the risk of suicide attempts was modest. In
the mediation model proposed by Taylor et al’® the association
between ADHD and the risk of suicide attempts in adults was
mediated by comorbid mental health disorders; however, ADHD
and suicide attempts did not have a statistically significant direct
association. In contrast, our study demonstrated that ADHD sig-
nificantly increased the risk of suicide attempts, independent of
comorbidities. These results are comparable with those of a popula-
tion-based study of 51 707 patients with ADHD by Ljung et al,” who
reported that patients with ADHD had a significantly higher risk of
suicide attempts (odds ratio = 3.62, 95% CI = 3.29-3.98) and com-
pleted suicide (odds ratio=5.91, 95% CI=2.45-14.27) than
matched controls after adjustment for comorbid psychiatric disor-
ders. Similarly, Stickley et al'® concluded that ADHD is independ-
ently associated with lifetime suicide ideation (odds ratio =2.22,
95% CI=1.67-2.95) and lifetime suicide attempts (odds ratio =
1.62, 95% CI=1.08-2.44) in adults after adjustment for gender,
age, education, ethnicity, income, stressful life events, alcohol and
drug dependence and comorbid conditions. The independent
effect of ADHD in suicide attempt may be explained by impulsivity,
a primary symptom of ADHD."™" Klonsky et al'® found that
people who attempted suicide exhibited less premeditation (a
diminished ability to think through the consequences of actions)
than did people with suicidal ideation. Patros et al*® showed that
impulsivity was related to suicidal ideation and attempted suicide
among undergraduate students.

Discrepancies among the aforementioned studies can be
explained by several factors. First, regarding the assessment of sui-
cidal behaviours, most studies have relied on self- or parent-
reported outcomes; therefore, different degrees of recall and
report biases might have been introduced in these studies.>'**'~**
Second, regarding the hypothetical relationship between ADHD
and suicidal behaviours, studies have proposed different construct
models after adjusting for various confounding factors, leading to
conflicting conclusions.**°  Although the exact association
between ADHD and suicide attempts remains unclear, healthcare
providers should be aware of the risk of suicide attempts in
people with ADHD, with or without comorbidities.

The pharmacological management of ADHD mainly includes
stimulants and non-stimulants, and considerable concern has
been raised regarding drug safety. An observational cohort study
over 18 637 patient years reported that stimulants and atomoxetine
were associated with an increased risk of completed suicide.®
Furthermore, drug treatment for ADHD may increase the risk of
suicide attempts in addition to disorders. In contrast, recent
studies have reported that atomoxetine was not significantly
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Table2 Cox regression analyses of the risk of any suicide attempt among adolescents and young adults with attention-deficit hyperactivity disorder and

controls

Attention-deficit hyperactivity disorder and suicide

Adolescents (<18 Young adults (18-29
years) years) Males Females Total

HR (95% Cl) HR (95% Cl) HR (95% Cl) HR (95% Cl) HR (95% Cl)

ADHD (presence v. absence) 3.75 (3.04-4.61) 4.22 (2.72-6.56) 4.44 (3.56-5.54) 2.67 (1.90-3.77) 3.84 (3.19-4.62)

Psychiatric comorbidities (presence v.

absence)

Disruptive behaviour disorders
Anxiety disorders
Unipolar depression

Bipolar disorder

1.28 (0.99-1.65)
0.75 (0.50-1.11)
1.76 (1.44-2.16)
2.00 (1.42-2.81)

0.67 (0.27-1.66)

1.75 (1.09-2.80)
1.96 (1.33-2.90)
1.83(1.19-2.80)

Alcohol misuse disorders 1.30 (0.62-2.77) 1.50 (0.78-2.91)

Substance misuse disorders 1.40 (0.88-2.24) 1.56 (0.94-2.59)
Methylphenidate treatment

<30 cDDD 1 1

30-364 cDDD 1.14 (0.93-1.40) 0.77 (0.50-1.18)

>365 cDDD 1.14 (0.86-1.50) 1.31 (0.75-2.27)
Atomoxetine treatment

<30 cDDD 1 1

30-364 cDDD 1.39 (0.62-3.12) 1.64 (0.39-6.92)

>365 cDDD —

1.21 (0.92-1.61)
1.11 (0.78-1.60)
1.51 (1.20-1.90)
2.03 (1.46-2.82)
1.39 (0.79-2.45)
1.59 (1.09-2.32)

1
1.04 (0.84-1.30)
1.08 (0.80-1.45)

1
1.44 (0.59-3.49)

0.99 (0.59-1.68)
0.90 (0.54-1.52)
2.80 (2.08-3.77)
1.80 (1.16-2.79)
1.54 (0.56-4.23)
1.10 (0.47-2.57)

1
1.11 (0.79-1.55)
1.30 (0.82-2.05)

1
1.58 (0.50-5.04)

1.16 (0.91-1.48)
1.03 (0.77-1.38)
1.87 (1.57-2.23)
1.95 (1.50-2.54)
1.46 (0.89-2.39)
1.52 (1.08-2.13)

1
1.07 (0.89-1.28)
1.14 (0.89-1.47)

1
1.51(0.75-3.05)

Cox regression analyses were performed after adjustment for demographic data, psychiatric comorbidities, and ADHD medications. Bold type indicates statistical significance. HR, hazard
ratio; ADHD, attention-deficit hyperactivity disorder; cDDD: cumulative defined daily dose.

associated with the risk of suicide attempts.**** In a meta-analysis

of 32 randomised controlled trials with a total of 7248 patients
with ADHD, the frequency of combined suicidal behaviours or sui-
cidal ideation of an adult atomoxetine group was similar to that of
an adult placebo group (0.11 v. 0.12%, P = 0.96). Although a paedi-
atric atomoxetine group had more frequent suicidal ideation than a
paediatric placebo group, differences were not statistically signifi-
cant (0.37 v. 0.07%, P = 0.42).>* Furthermore, a register-based lon-
gitudinal study (37 936 patients with ADHD over 150 721 person
years of follow-up) investigated the association between drug treat-
ment and the risk of suicide attempts and reported similar conclu-
sions:* although drug treatment was associated with a significantly
higher rate of suicide-related events at the population level, the asso-
ciation was reversed in within-patient comparisons. For non-stimu-
lant or mixed users, within-patient rates of suicide-related events
did not increase significantly during treatment periods (hazard
ratio = 0.96, 95% CI =0.72-1.30). Moreover, stimulant treatment
provided beneficial effects and was associated with a reduced

within-patient rate of suicide-related events during treatment
periods (hazard ratio = 0.81, 95% CI = 0.70—0.94).25 Our study con-
firmed the finding that long-term methylphenidate treatment is
associated with a significantly decreased risk of repeated suicide
attempts in men. In addition, both methylphenidate and atomoxe-
tine treatment were not associated with a risk of any suicide attempt
or repeated suicide attempts. Our results provide additional evi-
dence on the safety concerns related to the pharmacological treat-
ment of ADHD.

This study has several limitations. First, this was a secondary
analysis study based on an insurance claims database. Several poten-
tially confounding factors were unavailable, such as family history,
personal lifestyles, disease severity and environmental factors.
Second, this study focused only on suicide attempts because of the
limitations of the insurance claims database. We did not analyse
completed suicide or suicidal ideation. Third, the incidence of
suicide attempts may be underestimated as a potential identification
bias because only those who sought medical consultation and help

Table 3 Cox regression analyses of the risk of repeated suicide attempts among adolescents and young adults with attention-deficit hyperactivity

disorder and controls

Adolescents <18
years years

HR (95% CI)

ADHD (presence v. absence) 6.29 (4.12-9.61)
Psychiatric comorbidities (presence
v. absence)

Disruptive behaviour disorders

Anxiety disorders

Unipolar depression

Bipolar disorder

Alcohol misuse disorders

Substance misuse disorders
Methylphenidate treatment

0.91 (0.53-1.58)
0.80 (0.40-1.61)
2.20 (1.49-3.24)
3.09 (1.79-5.32)
1.18 (1.01-1.22)
2.46 (1.21-5.00)

Young adults 18-29

HR (95% CI)
8.43 (3.27-21.72)

0.61(0.14-2.61)
1.39 (0.60-3.23)
2.01(1.02-3.98)
3.15 (1.61-6.16)
2.03 (0.69-5.99)
1.12 (0.41-3.07)

Males Females Total
HR (95% Cl) HR (95% CI) HR (95% CI)
6.83 (4.32-10.80) 5.55 (2.80-10.98) 6.52 (4.46-9.53)

1.03 (0.58-1.82)
1.28 (0.68-2.41)
1.55 (0.99-2.42)
3.44 (2.01-5.89)
1.67 (0.66-4.20)
2.18 (1.16-4.12)

0.53 (0.16-1.70)
0.62 (0.22-1.74)
4.21(2.42-7.34)
2.79 (1.42-5.48)
1.42 (0.19-10.75)
0.53 (0.07-4.04)

0.58 (0.52-1.44)
0.99 (0.58-1.69)
2.30 (1.65-3.22)
3.22 (2.11-4.91)
1.63 (0.70-3.79)
1.76 (0.97-3.17)

<30 cDDD 1 1

30-364 cDDD 0.93 (0.63-1.38) 0.85 (0.43-1.67)

>365 cDDD 0.81 (0.46-1.45) 0.43 (0.10-1.86)
Atomoxetine treatment

<30 cDDD 1

30-364 cDDD 1.45 (0.35-5.97) —

>365 cDDD — —

Cox regression analyses were performed after adjustment for demographic data, psychiatric comorbidities, and ADHD medications. Bold type indicates statistical significance. HR, hazard

ratio; ADHD, attention-deficit hyperactivity disorder; cDDD, cumulative defined daily dose.

1
0.96 (0.64-1.44)
0.46 (0.22-0.97)

1
1.16 (0.16-8.36)

1

080 (0.44-1.45)

1.15 (0.54-2.49)

1
1.47 (0.20-11.02)

1
0.91 (0.65-1.27)
0.68 (0.40-1.16)

1
1.23 (0.30-5.01)
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would be included in the study. However, the suicide attempts were
coded by board-certificated physicians, improving the validity.
Further clinical studies will be required to re-confirm our findings.
Fourth, the difference in age at first suicide attempt between ADHD
patients and the controls was small but statistically significant,
which may be due to such a large sample size. However, the
younger age at first suicide attempt may indicate an earlier develop-
ment of severe psychopathology, especially attempted suicide,
among patients with ADHD compared with the controls. Fifth, in
our study, the cDDD of ADHD medications indicated the duration
and the cumulative dosage of ADHD medications. The greater
cDDD meant a longer period and higher dose of ADHD medication
use. There was no information regarding management of patients
beyond the number of days they were on the medications. So it
may not be possible to know the level of control or effect the
patient obtained from treatment. Further clinical study would be
necessary to re-confirm our findings.

Our findings may inform clinicians and governmental public
health providers of the crucial role of ADHD in the risk of suicidal
behaviours and we suggest that optimal interventions for ADHD
may reduce the risk of suicide attempts. Further investigation is
warranted to explore the mechanism underlying the association
between ADHD and suicidal behaviours.
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