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Abstract

Background: Attention-deficit/hyperactivity disorder (ADHD) is associated with negative life outcomes and recent
studies have linked it to increased mortality. These studies have examined nationwide registers or clinic-referred
samples and mostly included participants up until the age of 30. No studies have investigated mortality associated
with subthreshold levels of ADHD symptoms. Our aim was to analyze mortality in a perinatal risk cohort of 46-year-old
adults with childhood ADHD (cADHD) and milder childhood attention problems (including hyperactivity and inatten-
tion; cAP) compared with a group with similar birth risks but no or low levels of childhood ADHD symptoms (Non-
CAP). Causes of death obtained from a national register were examined.

Methods: Mortality was analyzed with Cox proportional hazard models for all-cause mortality, cause-specific mortal-
ity (natural and unnatural causes), and age-specific mortality (under and over age 30). All models were adjusted with
gender. The total n in the study was 839 (CADHD n=115; cAP n=216; Non-cAP n=1508).

Results: By the age of 46, 11 (9.6%) deaths occurred in the cADHD group, 7 (3.2%) in the cAP group, and 20 (3.9%) in
the Non-cAP group. The cADHD group had the highest mortality risk (adjusted hazard ratio=2.15; 95% Cl 1.02, 4.54).
Mortality was not elevated in the cAP group (adjusted hazard ratio=0.72; 95% Cl .30, 1.72). Mortality in the cCADHD
group was mainly attributed to unnatural causes of death (adjusted hazard ratio=2.82; 95% Cl 1.12, 7.12). The mortal-
ity risk in the cCADHD group was sixfold before age 30 (adjusted hazard ratio =6.20; 95% Cl 1.78, 21.57).

Conclusions: Childhood ADHD was associated with a twofold risk of premature death by the age of 46 in this pro-
spective longitudinal cohort study. Our results corroborate previous findings and the morbidity of ADHD. Subthresh-
old levels of childhood ADHD symptoms were not linked to increased mortality. Our results suggest that mortality risk
is higher in young than middle adulthood. Future studies should examine mortality associated with ADHD in different
ages in adulthood to identify those in greatest risk of premature death.
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Background

Attention-deficit/hyperactivity disorder (ADHD) is a
neurodevelopmental disorder affecting 3%-5% of chil-
! Department of Psychology and Logopedics, University of Helsinki, Helsinki, dren [1] and approximately 2.8% of adults [2]. ADHD
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including higher rates of incarceration, suicide
attempts, drug abuse, and comorbid psychiatric disor-
ders [1, 3-5].

The association of ADHD and increased mortality has
gained more research focus in recent years. Studies on
this association are yet few and have mainly been large
nationwide studies (Table 1). These studies have dis-
covered an association between ADHD and increased
mortality based on an ADHD diagnosis retrieved from
national registers [6—8] and self-reports [9]. Others have
shown ADHD to be associated with reduced life expec-
tancy based on both register data and a longitudinally
followed sample [10, 11]. Studies examining ADHD-
medicated individuals have found no association with
increased mortality, which might be due to a small sam-
ple or a short follow-up period [12, 13]. A recent popu-
lation-based cohort study observed a lower mortality
risk associated with methylphenidate use in children and
adolescents with ADHD [14]. Longitudinal prospective
cohort studies examining mortality of individuals with
ADHD are rare. A large cohort study found external-
izing symptoms including aggression and impulsivity in
childhood to be associated with increased mortality risk
by the age of 46 [15]. In a population-based sample study
with a mean follow-up age of 27, all-cause-mortality in
individuals with ADHD was not increased compared to
controls [16]. Another study following clinic-referred
males with ADHD to an average age of 41 showed a sig-
nificant difference in death rates between the ADHD and
comparison groups [4].

Increased mortality associated with ADHD appears to
be attributed to unnatural causes. In register studies acci-
dents, suicides, and homicides have been the main causes
of death in individuals with ADHD [6-8]. Cause-specific
mortality for suicide was significantly higher for those
with ADHD compared to controls in a longitudinal set-
ting [16]. ADHD is not only associated with a higher risk
of suicide but also suicidal behaviors [5, 17]. Mortality in
individuals with ADHD is further increased by comorbid
psychiatric disorders, especially substance use disorder,
oppositional defiant disorder, and conduct disorder [6, 8].

ADHD symptoms follow a continuum and might fluc-
tuate at different times during development causing an
individual to reach a diagnostic threshold at one point in
time but not at another [18-20]. ADHD symptoms that
remain below the diagnostic threshold have attracted
increasing interest in recent years. These subclinical
symptoms, or subthreshold ADHD, have been linked to
similar negative life outcomes as the full disorder, such
as academic deficits and psychiatric comorbidity [19, 21,
22]. To the best of our knowledge, no studies have exam-
ined mortality associated with ADHD symptoms below
the diagnostic threshold.
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We investigated the mortality of individuals with child-
hood ADHD or subthreshold symptoms associated with
perinatal risks who were prospectively followed from
birth up to an average age of 46 years. A group with simi-
lar perinatal risks but no or low levels of ADHD symp-
toms was also studied. Causes of death retrieved from a
national register were also examined.

Methods

Study design and participants

This study is part of a larger prospective research pro-
ject following a birth cohort. A total of 1196 infants with
predefined perinatal risks born in a single maternity unit
in Helsinki, Finland in years 1971-1974 were included
in the study. The perinatal risks have been described in
detail elsewhere, and included hyperbilirubinemia, birth
weight <2000 g, Apgar score<7, respiratory distress,
maternal diabetes, hypoglycemia, septicemia, or neuro-
logical symptoms [23, 24]. Participants with severe dis-
abilities or death before age 5 (n=202) were excluded
[25].

The cohort was followed at 5 and 9 years of age and
underwent comprehensive medical and developmental
assessments [23]. Latest in-person follow-up was con-
ducted at age 40 [26]. Participant flow during the follow-
up is illustrated in Fig. 1. Comparisons between those
who participated in the childhood follow-ups and those
lost to follow-up are presented elsewhere [25]. Partici-
pants were excluded from the analyses if they had miss-
ing birth or childhood information or were evaluated as
having a severe disability similar to the original causes
for exclusion by age 5. The study group consists of 839
individuals forming three groups: childhood ADHD
(cADHD, n=115), childhood attention problems (cAP,
n=216), and no or low levels of attention problems
(Non-cAP, n=508). Comprehensive data from child-
hood follow-ups were used to form the groups, compris-
ing questionnaire information from parents, day care,
and school, and clinical assessments by a pediatrician,
speech therapist, and psychologist. Questionnaires and
clinical assessments gathered information on physical
and psychological development and included evaluations
of hyperactive and inattentive behavior. Participants
with ADHD were originally classified as having minimal
brain dysfunction, hyperkinetic reaction of childhood, or
attention deficit [27, 28]. As ADHD did not exist in the
diagnostic system during the childhood follow-ups, the
principal researcher (K.M.) later retrospectively classi-
fied a total of 122 individuals as having ADHD according
to Diagnostic and Statistical Manual of Mental Disor-
ders 4th ed. criteria [29] using childhood data described
above, ensuring an onset of symptoms before age 7 and
persistence of over 6 months [30]. The cAP group was
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Baseline: birth ]
Excluded due to severe disability or death before
Study cohort age 5
perinatal risks (n = 1196) (n=202)
l Lost to follow-up (n = 130)
Participated in childhood
follow-ups at 5 and/or 9
years (n = 864)
Follow-up at 46 years ]
Information available on life
status
cADHD (n = 122) \ Excluded
cAP (n=219) Severe disability (CADHD n = 6; cAP n = 1)
Non-cAP (n =511) Missing information (cADHD n = 1; cAP n = 2;
l Non-cAP n = 3)
Included in the analysis
cADHD (n = 115)
cAP (n=216)
Non-cAP (n = 508)
Fig. 1 Flow chart of the participants from birth to the 46-year follow-up. Note. cADHD = childhood ADHD, cAP = childhood attention problems,
Non-cAP = no childhood attention problems

created based on the same childhood data, namely infor-
mation from informant reports and clinical assessments.
Attention problems in the cAP group include both inat-
tentive and hyperactive symptoms and this group rep-
resents subthreshold ADHD. For an individual to be
classified into the cAP group moderate ADHD symp-
toms had to be present in at least two settings (i.e., in day
care and in one clinical assessment) or severe symptoms
in one setting. The diagnostic evaluation for ADHD and
forming the childhood attention problems group has
been described in more detail elsewhere [26, 30]. The
cADHD group had no history of ADHD medication.

Demographical, health and mortality data

Demographical factors related to early health and envi-
ronment included in the study were gender, birth weight
(in grams), Apgar score at 5 min, number of perinatal
risks, and childhood socioeconomic status (SES). Perina-
tal risks were stratified into three classes: 1, 2, and 3 or
more risks (range 1-5). Childhood socioeconomic status

(SES) was defined as the highest median status of mother
and father recorded in childhood assessments. Four
groups based on parents’ occupational level were formed
with level one representing the highest status.
Information on time of death was obtained from
the Population Register Centre (currently: Digital and
Population Data Services Agency), Finland and on
the cause of death from Statistics Finland on Novem-
ber 30, 2019. The deceased were stratified into two
age groups, under and over age 30, as previous stud-
ies have mainly consisted of individuals up to a maxi-
mum average age of 30 (Table 1). Causes of death were
classified into four groups: disease, accident, suicide,
and self-inflicted disease. Self-inflicted disease com-
prised deaths in which a harmful lifestyle was consid-
ered pivotal, e.g., death with alcoholic liver cirrhosis or
acute alcoholic pancreatitis as the sole cause of death.
Deaths were also stratified according to natural (dis-
ease) or unnatural (accident, suicide, and self-inflicted
disease) causes of death. Information on alcohol and
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drug use affecting death was collected and recorded
separately from the primary cause of death. Positive
alcohol or drug use was recorded if the death record
included a mention of substance intoxication during
events prior to death or alcohol as the main reason for
a disease to cause death.

Statistical analysis

Descriptive characteristics of the study group were
analyzed with chi square tests for contingency tables
and ANOVAs for continuous variables. Bonferroni
corrections were applied to pairwise analyses due to
multiple comparisons. Effect sizes were calculated as
Cramer’s V or partial eta squared depending on the
analysis. Cox proportional hazard regression mod-
els were used to analyze survival in childhood ADHD
groups. Time was calculated as years from date of birth
to date of death or to the end of follow-up, November
30'h, 2019. The unadjusted model included childhood
ADHD status. Gender was entered into an adjusted
model as a potential covariate. One value for SES was
missing and was imputed with the median of the child-
hood group. Age-specific survival (under and over
30) was analyzed with separate Cox proportional haz-
ard regression models for these age groups adjusted
by gender. Cause-specific mortality for natural and
unnatural causes of death in different childhood group
were likewise analyzed with adjusted Cox proportional
hazard regression models with gender as a covariate.
Statistical analyses were conducted using IBM SPSS
software, version 26.

Table 2 Cohort characteristics
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Results

Table 2 shows descriptive statistics for the entire study
group. There were fewer males in the Non-cAP group
compared to the other groups. The cADHD group had
a lower mean Apgar score than the cAP group and were
more likely to have more than one birth risk than the
other groups. The cADHD group had more individuals
in the lowest childhood SES level and less individuals in
the highest childhood SES level than the other groups.
Mean age of the cohort excluding the deceased was 46.9
(SD=1.15; range 44—48) and there were no differences in
age between the childhood groups (p =0.52).

A total of 38 deaths occurred in the entire cohort dur-
ing the follow-up between ages 5 and 46. Nearly 10% of the
cADHD group had deceased compared to 3%—4% in the
other groups (Table 3). Mortality rates in different child-
hood groups, gender ratios, and mean age at death are pre-
sented in Table 3. There were more males in the deceased
group (73.7%) than in the alive group (53.7%), x2 (1)=5.86,
p=0.016. There were no significant differences in birth
weight, Apgar score, number of birth risks, or childhood SES
between the deceased and alive. Seven deaths had occurred
before age 30 in the cADHD group (63.6%), two in the cAP
group (28.6%), and four in the Non-cAP group (20.0%).

In the unadjusted Cox regression model child-
hood ADHD predicted survival (HR 2.53 [1.21, 5.28],
p=0.013). The HR remained similar for the cADHD
group in the adjusted model (Table 4). Thus, the risk of
death by age 46 is twofold in the cADHD group com-
pared to the group with no childhood ADHD or attention
problems. Cumulative survival in the childhood groups is
illustrated in Fig. 2. Gender was a significant predictor in
wthe adjusted model, with female gender reducing the

Characteristic cADHD (1) n=115 cAP(2)n=216 Non-cAP (3) n=508 F/x2 (df) p V/n2 Pairwise comparison
M=SD or n (%) M=SD or n (%) M=SD or n (%)
Gender (male) 82 (71.3%) 138 (63.9%) 238 (46.9%) 3277 (2) <0.001 0.20 3< 1255
Birth weight (gr)  2829.5+£915.7 2908.8+831.8 2942.94886.7 0.80 045 0.002
Apgar score 8034252 8.70+2.03 8304231 0.02 0.01 1<2%
Number of birth risks 1228 (4) 0.02 0.09
1 52 (45.2) 133(61.6) 308 (60.6) 1< 2%* 3%
2 43 (374) 65 (30.1) 147 (28.9)
3 or more 20(17.4) 18 (8.3) 53(104) 1>2%
Childhood SES 356 (6) <0.001 0.15
Level 1 11 (9.6) 45 (20.8) 113 (22.2) 1< 2% 3%
Level 2 26 (22.6) 39(18.1) 150 (29.5) 2<3**
Level 3 59(51.3) 115(53.2) 218(42.9) 2>3*%
Level 4 19 (16.5) 17 (7.9) 27 (5.3) 1> 2% 3%

cADHD Childhood ADHD, cAP Childhood attention problems, Non-cAP No childhood attention problems, SES Socioeconomic status

" p<0.05, ** p<0.01, *** p<0.001
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Table 3 Mortality and cause of death in childhood groups
cADHD (1) cAP (2) Non-cAP (3)

Characteristic M= SD or n (%) M= SD or n (%) M= SD or n (%) p V/n2 Pairwise
compari-
son

Deceased 11 (9.6) 7(3.2) 20 (3.9) 0.02 0.10 1>2,3%

Male (deceased) 9(81.8) 6(85.7) 13 (65.0) 043 0.21

Age (deceased) 28.86+£9.67 3533+£859 37.95£9.79 0.05 0.16

Cause of death?

Disease 2 (20.0) 2(286) 9 (45.0)

Accident 3(30.0) 0(0) 6 (30.0)

Suicide 3(30.0) 3(429) 4(20.0)

Self-Inflicted disease 2 (20.0) 2(286) 1 (5.0)

Alcohol or drug related 6 (60.0) 3(429) 11 (55.0) 0.08 0.08

death

cADHD Childhood ADHD, cAP Childhood attention problems, Non-cAP No childhood attention problems

" p<0.05
@Total n for cause of death=37, 1 unknown in the cADHD group

Table 4 Cox proportional models predicting mortality risk?®

Variable HR [95% Cl] p
All-cause mortality cADHD 5[1.02, 454] 0.04
cAP 0.7310.31,1.72] 047
Gender (male) 221 [.1.06, 4.60] 0.04
Mortality before age 30 cADHD 6.20[1.78,21.57] 0.004
cAP 0.98[0.98,0.18] 0.98
Gender (male) 3.511[0.76,16.21] 0.11
Mortality for unnatural cADHD 2.82[1.12,7.12] 0.03
causes of death CAP 094[032,272] 091
Gender (male) 2.261[0.88,5.78] 0.09

2 All models are adjusted with gender

cADHD Childhood ADHD, cAP Childhood attention problems, Non-cAP No
childhood attention problems, HR Hazard ratio, C/ Confidence interval

risk of mortality (HR 0.45 [0.22, 0.95], p=0.035). Due to
gender being significant in the adjusted model, we added
the interaction of gender and childhood group to the
model, but this interaction was not significant (p=0.9).
Mortality risk was over sixfold in the cADHD group for
age-specific mortality before age 30 (Table 4). A similar
model for over age 30 did not yield significant results (HR
for cADHD =2.07 [0.79, 9.25], p=0.11).

Cause of death was recorded in 37 out of 38 cases.
One cause of death remained unknown in the cADHD
group (death abroad resulting in register data not being
available). The cause of death was unnatural in 8 out of
10 cases (80%) in the cADHD group, 5 out of 7 cases
(71.4%) in the cAP group, and 11 out of 20 cases (55%)
in the Non-cAP group. Causes of death in the child-
hood groups are presented in Table 3. The hazard ratio

for mortality was nearly threefold for unnatural causes
of death in the cADHD group compared to the Non-cAP
group (Table 4). The cause-specific HR of 1.11 (0.23, 5.32)
for natural death in the cADHD group was not significant
(p=0.90).

Discussion

Childhood ADHD was associated with increased mortal-
ity in this prospective cohort study over 46 years. Deaths
in the cADHD group were mostly attributed to unnatu-
ral causes and were likely to occur in young adulthood.
Childhood subthreshold ADHD symptoms were not
associated with increased mortality.

Childhood ADHD was associated with over a twofold
increase in mortality risk compared to a group with no
childhood ADHD or subthreshold symptoms up to age
46. Our results support findings from large nationwide
studies that have found an association between ADHD
and increased mortality [6—8]. The twofold increase in
mortality is of similar magnitude as in a Danish epidemi-
ological study, where more than double the risk of death
for individuals with ADHD was discovered [6]. In con-
trast, a prospective sample study up to age 27 did not find
increased risk of mortality in individuals with ADHD
[16]. Compared to another prospective longitudinal study
up to age 41, the proportion of deceased (7.2%) equaled
over a twofold proportion compared to the comparison
group (2.8%), and was similar to the proportion observed
in this study (9.6%) [4]. It should be noted that individu-
als in our study were originally recruited to investigate
the effects of perinatal risks on development, and ADHD
symptoms were discovered during general assessments.
In contrast, the other longitudinal prospective study
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classification
—"TNon-cAP
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Survival years
Fig. 2 Cumulative survival in childhood groups. Note. cADHD = childhood ADHD, cAP = childhood attention problems, Non-cAP = no childhood
attention problems

described above [4], consists of individuals referred to
a medical clinic due to ADHD symptoms, and the pro-
spective sample study used school and medical records
to attain ADHD diagnosis [16]. Our results extend the
growing evidence of increased mortality associated with
ADHD and broaden previous results by showing that
increased mortality is also present in a longitudinally fol-
lowed, non-clinic-referred, and medication-naive cohort
with a follow-up of 46 years.

Those in the cADHD group were more likely to die
younger than the remaining cohort with over 60% of
deaths occurring before age 30. Mortality risk for under
age 30 was over sixfold in individuals with childhood
ADHD whereas mortality was not increased in the
age group of 30 to 46 years. No deaths occurred in the
cADHD group in childhood, implying that adolescence
and young adulthood might be a period of high risk
for those with childhood ADHD. In a Swedish register
study of a population of more than 2.6 million, 40 indi-
viduals with ADHD had died before the age of 17 [8].
We did not find such an effect in our smaller cohort.
Subjects with severe disabilities were excluded from
our cohort, which is one possible explanation for no
deaths in childhood in our follow-up. Two nationwide
studies have examined mortality in different age groups
and found the association between increased mortal-
ity and ADHD to be higher in adulthood than in child-
hood [6, 8]. These studies included adults aged 18 to 32
and thus lacked information on mortality rates later in
life. This is the first study to imply that mortality risk

associated with childhood ADHD might decrease after
young adulthood. Further research is needed to study
the effect of age on mortality in ADHD in different age
groups in adulthood to identify those at greatest risk of
premature death.

The cause-specific mortality risk for unnatural death
was higher in the cADHD group compared to the other
groups. This risk was over twofold and of similar magni-
tude as the all-cause mortality risk. Our results support
the results of studies that have found greater risk of death
due to unnatural causes, especially unintentional inju-
ries and suicides in individuals with ADHD compared
to comparison groups [4, 6-8, 16]. Interestingly, the
proportion of suicides and accidents as causes of death
appeared not to differ between the childhood groups,
although we could not statistically analyze this due to a
small sample size. Also, because of the small sample size,
minor changes in the distribution of causes of death in
the childhood groups could result in major changes in
the relative proportions. Unnatural causes of death in
this study also included diseases in which the main driver
was harmful lifestyle. Thus, even though injury-related
deaths (accidents and suicides) appeared not to be over-
represented in the cADHD group, nearly all deaths in this
group could be attributed to behavior increasing the risk
of morbidity. Consistent with our finding, ADHD has
been associated with reduced estimated life expectancy
and reduced healthy life expectancy partly due to com-
mon factors associated with increased mortality, such as
alcohol and tobacco use [11].
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We found no association between subthreshold ADHD
symptoms and increased risk of mortality. Prior studies
have demonstrated that subthreshold ADHD is linked to
high morbidity and functional impairment similar to that
of the full disorder, including psychiatric comorbidity
and educational and interpersonal dysfunction [19, 21,
22]. Thus, although subthreshold ADHD symptoms pose
a risk for adverse functional outcomes, risk of premature
death appears not to be elevated. As this is the first study
to examine mortality associated with subthreshold levels
of ADHD symptoms, further research is needed before
more certain conclusions can be drawn.

The cohort in this study consists of individuals with
various perinatal risks, which on their own might con-
tribute to mortality risk. Preterm birth has been linked to
increased risk of mortality in early to mid-adulthood [31,
32]. A population-based cohort study found low birth
weight to increase the risk of mortality in males after
age 15 years [33]. Less is known about the association of
other perinatal risk factors and adult mortality, but indi-
viduals with perinatal complications have been found to
exhibit signs of accelerated aging at age 38 years [34]. We
did not find birth weight, Apgar score, or the total num-
ber of birth risks to differ between the deceased and the
remaining cohort. The cADHD group had a lower Apgar
score and more birth risks than the other groups, imply-
ing that events during birth are likely to contribute to the
development of the disorder itself [35].

The main strength of this study is the long follow-up
that allowed the examination of mortality associated with
ADHD in a prospective longitudinal setting to a later age
than any previous studies. Another strength is the inves-
tigation of subthreshold ADHD symptoms. To the best of
our knowledge, there are no other studies on the mortal-
ity associated with non-diagnostic levels of ADHD symp-
toms. The childhood ADHD group was homogenous due
to similarity in perinatal and environmental background
(similar perinatal risks, all born in the same hospital and
living in urban environments) and due to not being medi-
cated for ADHD. As the ADHD group was not clinic-
referred for ADHD, there was no bias related to access to
diagnosis.

There are some possible limitations regarding our
study. Due to small sample size, we were unable to
analyze the effect of all different causes of death in the
childhood groups. Information on psychiatric comor-
bidities was not available and we could not examine
comorbidities as possible confounders in mortality.
However, in another study of the cohort, we did not
find differences between the childhood groups in self-
reported alcohol consumption or symptoms of depres-
sion and anxiety [26]. Moreover, alcohol and drug use
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related to death was similar in the childhood groups,
implying that substance misuse was similar in the
deceased. Our study cohort consists of individuals with
perinatal risks from an era when ADHD medication
was not available and generalizations to other popula-
tions should be made with caution.

Conclusions

In conclusion, childhood ADHD is associated with a
twofold mortality risk by age 46 in a longitudinally fol-
lowed cohort of individuals with perinatal risks. This
risk was higher in young adulthood and deaths were
mostly attributed to unnatural causes. Subthreshold
levels of childhood ADHD were not associated with
increased risk of death. Our results corroborate the
morbidity of childhood ADHD during the lifespan.
Even though further research is needed, our results
suggest that especially young adults with childhood
ADHD are at greater risk of premature death, which
calls for preventative measures to be aimed at this age

group.
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