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ABSTRACT
Background: Diagnosis of attention deficit hyperactive disorder (ADHD) has been associated with
increased risk of mortality in large register samples. However, there is less known about the associ-
ation between symptoms of ADHD in adolescents and risk of mortality in general population samples.
Methods: The Northern Finland Birth Cohort 1986 (n¼ 9432 at recruitment in early pregnancy) linked
to nationwide register data for deaths was utilized to study the association between parent-rated
ADHD symptoms assessed using Strengths and Weaknesses of ADHD symptoms and Normal Behaviors
(SWAN) questionnaire and mortality until age 33 years. Cox-regression analysis with hazard ratios (HRs)
and 95% confidence intervals (CIs) was used to study the association between SWAN inattentive,
hyperactive, and combined symptom scores and risk of death.
Results: Sixty-three (0.9%) of the 6685 participants died during the follow-up. Higher SWAN inatten-
tive (crude HR ¼ 2.30, 95% CI 1.46–3.63), SWAN hyperactive (crude HR ¼ 2.43, 95% CI 1.29–4.56), and
SWAN combined (crude HR ¼ 2.69, 95% CI 1.57–4.61) scores were associated with increased risk of
death. After adjustments for sex, family structure, and lifetime parental psychiatric disorder, these asso-
ciations persisted. Further adjustment for frequent alcohol intoxication, cannabis, and other substance
use in adolescence attenuated these to below statistical significance.
Conclusions: These results extend previous findings on the risk of mortality in adolescents who have
symptoms of ADHD. Further research with larger samples are needed to determine whether the asso-
ciation between ADHD symptoms and mortality is independent of adolescent substance use.
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Introduction

Attention deficit hyperactivity disorder (ADHD) is a common
neurobehavioral disorder characterized by age-inappropriate
levels and persistent patterns of inattention, hyperactivity,
and impulsivity with onset prior to age of 12 [1]. The com-
munity prevalence of ADHD is 5.9% in youths and 2.5% in
adults and is more common in males [2]. Recent longitudinal
study findings indicate that youth with ADHD continue to
display fluctuating, yet persistent, levels of ADHD symptoms
and social functioning impairments through young adult-
hood [3].

ADHD is associated with excess mortality that has been
linked to psychiatric comorbidity (e.g. substance use disorder
(SUD) and conduct disorder) in large nationwide register

studies due to suicide, unintentional injury, and external
causes [4–10]. However, the association with mortality has
not been studied using prospective general population
cohorts and covering the full spectrum of ADHD symptoms,
i.e. including those not meeting the threshold for diagnosis.
This is important as ADHD symptoms at a subthreshold level
have been related to significant impairment [11,12].

Individuals with diagnosed ADHD or ADHD symptoms are
more likely to show a pattern of early substance use [13–17].
Prospective general population studies report a link between
frequent alcohol intoxication [18], stimulant [19] and canna-
bis use [20] in adolescence and excess mortality. Thus, ado-
lescent onset substance use behaviors could plausibly
explain the association between ADHD and mortality.
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The Northern Finland Birth Cohort 1986 (NFBC 1986) [21]
is a large prospective general population-based study that is
linked to multiple Finnish national registers covering data on
mortality. NFBC 1986 provides data on a range of potential
covariates such as adolescent substance use and demo-
graphic factors. Use of this cohort allowed us to test whether
ADHD symptoms at age 16 years were associated with all-
cause mortality up until age of 33. Furthermore, we tested
whether these associations were independent of demo-
graphic factors, parental psychiatric disorder, and adolescent
substance use.

Methods

NFBC 1986 is an ongoing follow-up study including 99% of
all live-born children (n¼ 9432) with an expected date of
birth between 1 July 1985 and 30 June 1986, from the two
northernmost provinces in Finland. Data used in these
analyses were collected between 2001–2002 when study
members were aged 15–16 years. First, participants and
their parents with valid addresses were sent self-report
questionnaires in separate envelopes (n¼ 9215); we
received 7344 completed postal questionnaires from ado-
lescents and 6985 from their parents. The adolescent
answered questions e.g. concerning their physical health
and psychosocial wellbeing. Their parents completed the
Strengths and Weaknesses of ADHD symptoms and Normal
Behaviors (SWAN) questionnaire [22] for their offspring
(n¼ 6985) and answered questions concerning family and
demographic factors. Second, adolescent participants were
invited to attend a clinical study, where they completed a
self-report that included e.g. questions on substance use
(n¼ 6798). Participants and parents who signed the
informed consent form with available data on ADHD symp-
toms were included in the study. Using these data, cohort
participants were followed-up for 17 years from 2001 until
2018. The final sample totaled 6685 individuals. For data
flow, see Figure 1.

NFBC 1986 study is approved by the Ethics committee of
the Northern Ostrobothnia Hospital District in Finland with
latest version dated on 15.1.2018 (EETTMK 108/2017). The
authors assert that all procedures contributing to this work
comply with the ethical standards of the relevant national
and institutional committees on human experimentation
and with the Helsinki Declaration of 1975, as revised
in 2008.

Mortality by age 33 years

Data on dates and causes of death were obtained from
national registers Population Register Data and Registry for
Causes of Death that cover all the deaths in Finland. These
data were available until the end of 2018 i.e. until the partici-
pants were at age of 33 years. The deaths were categorized
into those due to somatic causes, accidents and suicide
according to International Classification of Disease 10th revi-
sion and these data were combined to reflect all-
cause mortality.

ADHD symptoms at age 15/16 years

The Strengths and Weaknesses of ADHD symptoms and
Normal Behaviors (SWAN) questionnaire [22] is a revised ver-
sion of the SNAP-IV developed by Swanson and his col-
leagues measuring problems in attention, hyperactivity/
impulsivity and disruptive behavior [22]. Parents rated items
based on the 18 ADHD symptoms described in the DSM-IV-
TR for example ‘Gives close attention to detail and avoids
careless mistakes’. Parents rate these items on a seven-point
scale anchored to average behavior (i.e. Far Below Average
¼ 3, Below Average ¼ 2, Somewhat Below Average ¼ 1,
Average ¼ 0, Somewhat Above Average¼�1, Above
Average¼�2, and Far Above Average¼�3) resulting in nor-
mally distributed behavioral traits. Swanson suggested that
collapsing the �3 to �1 ratings into the zero category
yielded similar distribution of individuals as the SNAP 0–3
rating scale and this categorization has been used in NFBC
studies on ADHD [23,24]. As the aim of this study was to test
the association between ADHD symptoms and mortality, the
�3 to �1 ratings were collapsed into zero category.
Individual SWAN items were used to compute means for a
Combined scale score (C), using all 18 items, an Inattentive
score (I) using 9 Inattentive items, and a Hyperactive-
Impulsive score (HI) using 9 Hyperactive-Impulsive items. We
excluded participant data if the SWAN scales had more than
one item missing. If there was only one item missing, the
missing value was replaced by the mean value of the items
of the particular scale for that person. For the questionnaire
used in this study, see NFBC website: https://www.oulu.fi/
nfbc/node/18149.

Adolescent substance use (age 15/16 years)

Participants self-reported their frequency of alcohol intoxica-
tion during the past year. Participants were asked: ‘Have you
been drunk during the past year? (0, 1–2, 3–5, 6–9, 10–19,
20–39, or 40 times or more)’. We dichotomized this variable
as �10 times (¼1) and �9 (¼0) based on the distribution
of data.

To assess cannabis use up until follow-up, participants
were asked: ‘Have you used marihuana or hashish?’ with
options ‘never’, ‘once’, ‘two to four times’, ‘five or more
times’, or ‘I use regularly’. These options were pooled as
‘adolescent lifetime cannabis use’ yes (¼1) or no (¼0) to pro-
vide sufficient sample size.

Adolescents were also asked ‘Have you tried or used any
of the following substances? – Ecstasy, heroin, cocaine,
amphetamine, LSD or other similar intoxicating drugs?’ and
‘Have you ever tried or used any of the following substan-
ces? - Sniffing thinner, glue, etc. for intoxication’ with options
‘never’, ‘once’, ‘two to four times’, ‘five or more times’, or ‘I
use regularly’. The data on other illicit substances other than
cannabis and use of inhalants were pooled into a binary vari-
able ‘other lifetime substance use’ yes (¼1) or no (¼0) to
provide sufficient sample size.
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Family structure

Information on family structure was collected by combining
data from parents at birth and from the clinical study in
2001–2002. These data were categorized as ‘family with two
biological parents (¼1)’, where both biological parents lived
together with the participant, and ‘other (¼0)’, which con-
sisted of all other family types.

Parental psychiatric disorders

Data on parental psychiatric diagnoses (F00–69, F80–99)
were obtained up until 2018 from the national registers,
which included: (1) Register of Health Care 1972–2018
(including inpatient care and visits to specialized outpatient
health care since 1998), (2) Disability pensions of the Finnish
Centre for Pensions (1965–2016), and (3) The Register of
Primary Health Care Visits (2011–2018). For more information
about the registers, see a previous study [25]. The Finnish
national register data are generally reliable [26] and are
more complete as compared to surveys [27].

Statistical methods

We used v2 or Fisher exact test to assess the relationship of
covariates and death during follow-up. The associations
between means on each of the three SWAN subscales
(inattentive, hyperactive, and combined), treated as continu-
ous variables, with all-cause mortality were examined using
Cox-regression analysis with hazard ratios (HR) and 95% con-
fidence intervals (95% CI) as Model 1. To study whether the
association between adolescent ADHD symptoms and mor-
tality is independent of potentially confounding factors, we
included frequent alcohol intoxication [18], substance use
[13–15] parental psychiatric disorders [28,29], sex [4], and
family structure [30] as covariates. We adjusted for covariates
as follows: Model 2: sex, family structure, and parental psy-
chiatric disorder. Model 3 additionally included frequency of
alcohol intoxication during the past year, adolescent lifetime
cannabis use and adolescent lifetime substance use other

than cannabis. The HR reflect risk of death by unit increase
in SWAN scale. Statistical significance was considered when
p� .05. Linear regression and multicollinearity diagnostics
with variance inflation factor (VIF) scores were used to exam-
ine possible correlation between multiple covariates (varia-
bles in Model 3).

There is known attrition in this sample such that fewer
males (64% vs. 71%; p< .001), individuals living in urban
areas (66% vs. 71%, p< .001) and individuals with parental
psychiatric disorder (58% vs. 69%, p< .001) participated in
the 15–16 year follow-up study [31]. To address attrition due
to non-participation, we weighted our crude analyses by sex,
parental psychiatric disorder, and urbanicity by using inverse
probability weighting [32] and analyzed these data with
logistic regression analysis and odds ratios (OR).

The statistical analyses were performed using SPSS statis-
tical software (IBM SPSS Statistics, version 25; IBM Co.,
Armonk, New York, USA).

Results

The final sample included 6685 (49.9% male) participants.
Cumulatively, 63/6685 (0.9%) deaths occurred during the 17-
year follow-up. Of these, 46 died due to non-natural causes
(27 suicides, 19 unintentional injury or external causes) and
17 due to natural causes. As shown in Table 1, those who
died during the follow-up period, i.e. adolescence to age
33 years, had generally higher SWAN means scores, were
more likely to be male, come from families where both bio-
logical parents did not live with the participant, and were
also more likely to live in families with parental psychiatric
disorder. Furthermore, they were also more likely to report
adolescent lifetime cannabis and other substance use and
frequent alcohol intoxication past year. Multicollinearity was
not seen (all VIFs < 1,2). Hazard curve for the NFBC1986 fol-
low-up sample is presented in Figure 2.

In the crude analyses (Model 1) higher SWAN inattentive
(HR ¼ 2.30, 95% CI 1.46–3.63), SWAN hyperactive (HR ¼ 2.43,
95% CI 1.29–4.56), SWAN combined (HR ¼ 2.69, 95% CI
1.57–4.61) were associated with risk of death at a statistically

Figure 1. Flowchart of the current study from the Northern Finland Birth Cohort 1986.

NORDIC JOURNAL OF PSYCHIATRY 3



significant level. After adjustments for sex, family structure,
and parental psychiatric disorder (Model 2), the associations
with SWAN inattentive, hyperactive, and combined
remained statistically significant (see Table 2). Further
adjustment for frequent alcohol intoxication in the previous
year and adolescent lifetime cannabis use and other sub-
stances (Model 3) attenuated all associations to statistically
nonsignificant level (see Table 2). In these final models, fre-
quent alcohol intoxication, parental psychiatric disorder, and
male sex were associated with all-cause mortality (online

supplement Table 1). There was substantial non-response
concerning substance use items that limited sample sizes.
This resulted in selective attrition as 1.6% (18/1097) of
those who did not answer substance use items deceased
during the follow-up compared to 0.8% (44/5432) of those
in Model 3.

All the statistically significant ORs in unweighted analyses
were also statistically significant in the weighted analyses,
and the strength of the associations were of similar magni-
tude (see online supplement tables 2 and 3).

Table 1. Demographics of the sample.

Deceased during the follow-up

Total
No Yes

n n % n % P value

Sex 6685 <.001
Male (n¼ 3335) 3287 49.6 48 76.2
Female (n¼ 3350) 3335 50.4 15 23.8

Family structure 6542 .120
Other (n¼ 1485) 1466 77.4 19 31.7
Family with two biological parents (n¼ 5057) 5016 22.6 41 68.3

Lifetime cannabis use 5700 .014
No (n¼ 5378) 5339 94.4 39 84.8
Yes (n¼ 322) 315 5.6 7 15.2

Other lifetime substance use 5731 .24a

No (n¼ 5520) 5477 96.3 43 93.5
Yes (n¼ 211) 208 3.7 3 6.5

Frequent alcohol intoxication past year 5614 .002
No (n¼ 4589) 4561 81.9 28 62.2
Yes (n¼ 1025) 1008 18.1 17 37.8

Parental psychiatric disorder 6685 .018
No (n¼ 4188) 4158 62.8 30 47.6
Yes (n¼ 2497) 2464 37.2 33 52.4

SWAN Median Q1/Q3 Median Q1/Q3
Inattentive 6629 0.00 0.00/0.11 0.11 0.00/0.33
Hyperactive 6595 0.00 0.00/0.00 0.00 0.00/0.11
Combined 6547 0.00 0.00/0.11 0.056 0.00/0.17

SWAN: Strengths and Weaknesses of ADHD Symptoms and Normal Behaviors, Q1/Q3¼ 25%/75% percentiles.
aFisher’s exact test.

Figure 2. Cumulative mortality in the Northern Finland Birth Cohort 1986 follow-up sample.
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Discussion

In this population-based sample of Northern Finland Birth
Cohort 1986, we report positive linear associations between
parent-rated ADHD (Hyperactive and Inattentive and
Combined) symptoms in adolescence and increased mortality
risk in the following 17 years. The association of inattentive,
hyperactive, and combined symptoms and mortality risk
remained after adjustment for sex, family structure, and par-
ental psychiatric disorder. Additional adjustments for fre-
quent alcohol intoxication during the past year, cannabis
use, and other substance use in adolescence attenuated the
associations to statistically non-significant. However, there
was selective attrition 29% of individuals who died during
the follow-up had missing values on substance use items.
This may account for the attenuation of the associations to
statistical non-significance.

Our findings are in line with previous large nationwide
register studies where ADHD diagnosis has been associated
with excess mortality [4–8]. These studies have examined
unnatural (accidents, injury, and suicide) and natural causes
of death and have reported increased mortality for unnatural
causes. Our study, using NFBC a general population-based
birth cohort, is able to include variables gathered across the
life course on lifestyle characteristics and to link this informa-
tion to the national register of causes of death. Thus, in con-
trast to previous population-register studies with larger
sample sizes, our study has the advantage of providing
detailed data on potential covariates. Although mortality in
this age range was rare with only 63 (9.4 deaths per 1000)
participants deceased during the follow-up period, our study
was able to provide novel evidence of a link between ADHD
symptoms in adolescence and increased risk of death by the
age of 33 years.

This study utilized data on ADHD symptoms reported by
parents from all consenting participants and focused on
these symptom dimensions in the general population. Thus,
extending the existing register studies [4–8] to study ADHD
at the symptom-level. These findings are important as they
pertain to the general population with ADHD symptoms and
not restricted to the most severe cases warranting ADHD
diagnosis. Our findings are further supported by results from
a recent study where a high polygenetic predisposition to
ADHD increased the risk of all-cause mortality [33]. Together
these findings suggest that ADHD liability/severity may
increase risk of death linearly. More studies are warranted to
examine the association between ADHD symptoms and mor-
tality risk due to the public health significance of the present
findings and need for adequate prevention strategies.

Adjustment for alcohol intoxication and substance use,
however, attenuated the associations. In some of the previ-
ous studies, the association of ADHD diagnosis and all-cause
mortality has persisted beyond adjustment for comorbidities
such as substance use disorders [5,6]. We believe that due to
selective attrition, this study is not able to determine if the
associations between ADHD symptoms and mortality are to
some extent explained by alcohol intoxication or cannabis
use. This is an important issue as substance use in adoles-
cence has been associated with premature death and at the
same time ADHD diagnosis and ADHD symptoms have been
reported to increase the likelihood of using different sub-
stances. Thus, we emphasize caution when interpreting these
findings and further studies are needed to disentangle and
directly test whether the association is influenced by alcohol
intoxication or substance use and if so, to what extent.

Strengths and limitations

The NFBC 1986 study sample is one of the largest birth
cohort studies with high genetic and ethnic homogeneity
and considerable follow-up allowing for robust examination
of life-course factors. This study was able to examine the
associations between ADHD symptoms and mortality in the
general population by combining questionnaire data with
national registers for death and psychiatric disorders using a
prospective design. The linkage of several national registers
provides objective data with high coverage on deaths during
the 17-year follow-up. Furthermore, the extensive
dataset allowed us to examine the associations while includ-
ing potential confounders.

There are also limitations. Even with considerable sample
size, death in this age range is a rare outcome and thus we
were not able to study the specific causes of death.
Adolescent lifetime substance use was collected via self-
report at age 15–16 and may be underreported. Specific
non-response to the substance use items limited the sample
size further. This introduces risk of type 2 error in adjusted
models. Female sex has been associated with greater ADHD
related mortality [4,6], but we were not able stratify our sam-
ple by sex due to power issues. There was significant non-
participation in 2001–2002 follow-study, but weighted analy-
ses corresponded to the unweighted analyses thus providing
some confidence in validity of results. Finally, possible role of
childhood or familial adversity could not be accounted for,
and residual confounding such as symptoms of comorbid
disruptive behavioral disorders may persist [10]. However, we
were able to use data on family history of psychiatric

Table 2. Association of ADHD symptoms and mortality in Northern Finland Birth Cohort 1986.

SWAN category SWAN inattentive SWAN hyperactive SWAN combined

Sample size Deaths HR 95% CI Sample size Deaths HR 95% CI Sample size Deaths HR 95% CI

Mortality risk
Model 1 6629 63 2.30 1.46–3.63 6595 63 2.43 1.29–4.56 6547 63 2.67 1.57–4.61
Model 2 6486 60 1.96 1.19–3.24 6455 60 2.14 1.09–4.21 6407 60 2.29 1.26–4.17
Model 3 5423 44 1.15 0.53–2.50 5389 44 0.70 0.14–3.60 5357 44 1.02 0.33–3.15

Model 1: crude, Model 2: sex. family structure, parental psychiatric disorder, Model 3: Model 2, cannabis use, other lifetime substance use, frequent alcohol
intoxication past year. Statistically significant results in bold. 95% CI: 95% confidence intervals; HR: hazard ratio; SWAN: Strengths and Weaknesses of ADHD
symptoms and Normal Behaviors.
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disorders to account for possible environmental and genetic
confounding arising from parental psychiatric disorders.

Conclusions

In this general population-based birth cohort sample of 6685
individuals followed for 17 years via data linkage to national
registers, we report a positive linear association between
ADHD symptoms in adolescence and risk of death by the
age of 33 years. This extends the literature on mortality to
adolescents not necessarily meeting the criteria for ADHD
diagnosis. Future studies with sufficiently large sample sizes
should directly test whether this association is influenced by
adolescent substance use.
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