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Association of Psychiatric and Neurologic Comorbidity
With Mortality Among Persons With Autism Spectrum
Disorder in a Danish Population
Diana E. Schendel, PhD; Morten Overgaard, MSc; Jakob Christensen, MD; Lene Hjort, MD; Meta Jørgensen, MD;
Mogens Vestergaard, MD; Erik T. Parner, MSc(Stat), PhD

IMPORTANCE Increased mortality has been reported among persons with autism spectrum
disorder (ASD), especially among those who also have the comorbid condition of epilepsy or
intellectual disability. The effects of psychiatric and neurologic comorbidity on mortality
among persons with ASD have not been rigorously examined in large, population-based studies.

OBJECTIVE To investigate the mortality patterns among persons with ASD overall and to
assess the associations of comorbid mental, behavioral, and neurologic disorders with
mortality among persons with ASD.

DESIGN, SETTING, AND PARTICIPANTS Longitudinal cohort study of children born in Denmark
during the period from 1980 to 2010 who were alive at 1.5 years of age and followed up
through 2013. This population-based sample of children (N = 1 912 904) was identified via
linkage between the Danish Civil Registration Service and the Danish Medical Birth Register
using a unique 10-digit identifier assigned to all live births and new residents in Denmark.
Children were followed up for diagnoses of ASD (International Classification of Diseases,
Eighth Revision [ICD-8] codes 299.00, 299.01, 299.02, and 299.03 and ICD-10 codes F84.0,
F84.1, F84.5, F84.8, and F84.9) and other mental/behavioral disorders (ICD-8 codes 290-315
and ICD-10 codes F00-F99) in the Danish Psychiatric Central Research Register and for
diagnoses of neurologic disorders (ICD-8 codes 320-359 and ICD-10 codes G00-G99) in the
Danish National Patient Register. Data analysis was performed in December 2014.

MAIN OUTCOMES AND MEASURES Deaths and causes of death among cohort members were
identified via the Danish Civil Registration Service and the Danish Cause of Death Register,
respectively. Regressions analyses were performed using Cox regression.

RESULTS Of the 1 912 904 persons included in our study, 20 492 (1.1%) had ASD (15 901
[77.6%] were male). Of the 20 492 persons with ASD, 68 died (0.3%) (57 of 68 [83.8%] had
comorbid mental/behavioral or neurologic disorders). The adjusted hazard ratio (aHR) for
overall mortality was 2.0 (95% CI, 1.5-2.8) for ASD. The aHRs for ASD-associated mortality
among cohort members who did not have neurologic (2.0 [95% CI, 1.4-3.0]) or other
mental/behavioral disorders (1.7 [95% CI, 1.0-3.1]) were similar. The co-occurrence of ASD
added no additional mortality risk for persons with neurologic (aHR, 0.7 [95% CI, 0.4-1.3]) or
mental/behavioral disorders (aHR, 0.8 [95% CI, 0.5-1.2]) compared with persons with these
disorders and no ASD.

CONCLUSIONS AND RELEVANCE The mortality risk was 2-fold higher through young adulthood
for persons with ASD than for persons without ASD, although mortality affected only 0.3% of
persons with ASD. The mechanisms underlying ASD-associated mortality may be mediated
through or shared with neurologic or mental/behavioral disorders, thereby providing insights
into their potential neurobiological links. Health care professionals and family members
should recognize the importance of these disorders with regard to the mortality risk for
persons with ASD.
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A utism spectrum disorder (ASD) is a neurodevelopmen-
tal disorder marked by deficits in social communica-
tion and interaction and by restricted, repetitive be-

haviors, interests, or activities.1 The prevalence of reported ASD
has dramatically increased in recent decades and is now in the
range of 1% to 2% among children born since the 1990s.2-4

There is little knowledge of the long-term outcome of per-
sons with ASD. A few studies have reported a 2-fold or more
increased mortality in persons with ASD compared with the
general population, and mortality tended to be even higher
among persons with the comorbid condition of epilepsy or in-
tellectual disability.5-12 Increased mortality among persons with
ASD might be expected owing to the hazards arising from such
factors as medications, poor lifestyle, behaviors such as elope-
ment, or comorbidities. Prior studies of the effects of comor-
bidity on mortality among persons with ASD were limited ow-
ing to the use of cause of death as the only source of information
on comorbidity, small sample sizes, or there being no popu-
lation-based morbidity data on persons without ASD for com-
parison. Elucidating the effects of comorbid conditions on mor-
tality risk for persons with ASD is crucial for informing medical
care professionals, for patient and family counseling, and for
gaining insights into the underlying pathogenesis that may lead
to premature mortality. We followed a nation-wide Danish co-
hort to examine ASD-associated mortality patterns and esti-
mate the potential effects of mental, behavioral, and neuro-
logic comorbidity on mortality risk for persons with ASD into
young adulthood.

Methods
Study Population
We identified all children born in Denmark during the period
from January 1, 1980, to December 31, 2010, who were alive
at 1.5 years of age (N = 1 912 904) via linkage between the Dan-
ish Civil Registration Service and Medical Birth Register. The
Medical Birth Register comprises information on all live births
and stillbirths by women permanently residing in Denmark.13

Each new resident and live-born child in Denmark is assigned
a 10-digit registration number that encodes a unique identi-
fier. The Civil Registration Service also contains information
on sex, date of birth, death, immigration status, maternal iden-
tity, paternal identity (if known), and sibling identity.14 The reg-
istration number remains unchanged throughout life and is
used for accurate linkage of individual data between Danish
registers.

Data on Diagnoses of ASD and Other Comorbid Conditions
Children and adolescents suspected of ASD or other mental or
behavioral disorders are referred by general practitioners or
school psychologists to a child and adolescent psychiatric de-
partment for a multidisciplinary evaluation, and their condi-
tions are diagnosed by a child and adolescent psychiatrist; Dan-
ish health care is universal and free of charge. All diagnoses
are reported to the Danish Psychiatric Central Research Reg-
ister once a diagnosis is established and without regard to the
need for treatment or educational provisions. The Psychiat-

ric Register holds information on all inpatient admissions to
psychiatric hospitals and wards since 1969, and since 1995, it
also includes outpatient admissions. The International Clas-
sification of Diseases, Eighth Revision (ICD-8) was used as the
diagnostic classification system for reporting to the Psychiat-
ric Register from 1969 through 1993. In 1994, the ICD-8 was
replaced by the ICD-10. Registry reporting is done only by psy-
chiatrists following mandatory training in the use of the ICD.
Although diagnostic misclassification is possible, validation of
select diagnoses (eg, schizophrenia, single-episode depres-
sion, dementia, and childhood autism) has been performed
with good results.15 The following ASD diagnosis codes were
used: ICD-8 codes 299.00, 299.01, 299.02, and 299.03 and
ICD-10 codes F84.0, F84.1, F84.5, F84.8, and F84.9. For child-
hood autism, ICD-8 code 299.00 and ICD-10 code F84.0 were
used. Age at ASD diagnosis was defined as the age at first in-
patient or outpatient admission leading to an ASD diagnosis.

Information on other mental or behavioral disorder diag-
noses was obtained from the Psychiatric Register. Informa-
tion on neurologic disorder diagnoses was obtained from the
Danish National Patient Register, which holds all data on in-
patient diagnoses given at discharge from somatic wards in all
hospitals since 1977; since 1995, it also holds all data on dis-
charge diagnoses from outpatient and emergency depart-
ment contacts.16 The ICD-8 was used for diagnostic reporting
to the National Patient Register through 1993; thereafter, the
ICD-10 has been used. See eTable 1 in the Supplement for di-
agnosis codes.

Data on Mortality
All deaths after 1.5 years of age were identified in the Civil Reg-
istration Service. Cause of death information was obtained from
the Danish Cause of Death Register, which has computerized

At a Glance

• This population-based cohort study of 1 912 904 Danish children
(20 492 with autism spectrum disorder [ASD]) tests the effects
of other mental, behavioral, and neurologic comorbid conditions
on ASD-associated mortality risk into young adulthood.

• For persons without any other mental/behavioral or neurologic
morbid conditions, there was a 1.7- to 2.0-fold increased
mortality risk associated with ASD, which was similar to the
overall ASD-associated mortality risk (68 persons with ASD died;
adjusted hazard ratio [aHR], 2.0 [95% CI, 1.5-2.8]).

• Fifty-seven of 68 persons with ASD (83.8%) who died had other
mental/behavioral or neurologic comorbid conditions. Having
both ASD and these other comorbid conditions increased the risk
of death (2.6- to 7.6-fold) compared with persons without ASD
and without these other comorbid conditions.

• The co-occurrence of ASD added no additional mortality risk for
persons with neurologic (aHR, 0.7 [95% CI, 0.4-1.3]) or mental/
behavioral disorders (aHR, 0.8 [95% CI, 0.5-1.2]) compared with
persons with these disorders and no ASD.

• The increased risk of death from ASD may be mediated through
other mental/behavioral or neurologic comorbid conditions.
Alternatively, these other disorders may serve as markers for
unmeasured mechanisms underlying mortality that are shared
with ASD.
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records since 1970.17 Cause of death was reported to the reg-
ister using the ICD-8 through 1993; thereafter, the ICD-10 has
been used.

Data on Covariates
Data on children’s sex, date of birth, birth weight, and gesta-
tional age and on parental ages at birth were obtained from the
Medical Birth Register and the Civil Registration Service. Pa-
rental history of any psychiatric diagnosis prior to the birth of
the child was obtained from the Psychiatric Register (ICD-8
codes 290-315 and ICD-10 codes F00-F99).

Analytic Approach
All members of the study cohort were followed up from 1.5
years of age until they died (study outcome) or emigrated, or
until the end of follow-up on December 31, 2013, whichever
occurred first. The primary exposure was a diagnosis of ASD.
Therefore, cohort members who received a diagnosis of ASD
during follow-up were included thereafter in the ASD group
at risk of death from the time of diagnosis (time-dependent ex-
posure), otherwise they remained in the non-ASD group at risk
of death. The same approach was used for other morbidity di-
agnoses received during follow-up. Mortality curves by age for
cohort members with or without ASD were estimated based
on a flexible, parametric Royston-Parmar model on the haz-
ard scale with 4 degrees of freedom and standard placement
of knots.18 Semiparametric Cox regression was used to esti-
mate the mortality hazard ratio (HR) and 95% CI associated with
ASD, with age as the underlying time scale. Hazard ratios were
calculated only in exposure groups with 5 or more deaths as-
sociated with ASD. Adjusted HRs (aHRs) were calculated using
2 models. In model 1, we used separate baseline ASD diagnos-
tic rates in strata of 3-year birth-year groups to adjust for the
increasing prevalence of ASD over time. Model 2 is the same
as model 1 but includes sex (except for the sex-specific aHRs),
birth weight (≤2500, 2501-3000, 3001-4000, and ≥4001 g), ges-
tational age (<37, 37-40, and ≥41 weeks), and parental ages at
birth (<35 and ≥35 years). Model 2 was run both with and with-
out terms for parental psychiatric history prior to birth (yes or
no), with the same results. Only the model 2 results without
parental psychiatric history included are reported. Because
mortality among youth and young adults is rare (<10% inci-
dence), the HR for mortality can be interpreted as a relative
risk.19 The proportional hazards assumption was evaluated for
all variables by comparing estimated log − log survivor curves
over the different categories of variables investigated.

The overall characteristics of mortality in the ASD and non-
ASD groups (without considering comorbidity) included esti-
mation of the median age at death and, for the ASD group only,
the median time between diagnosis and death. Hazard ratios
were calculated for ASD overall and in strata of sex, birth year
(1980-1995 and 1996-2010), age at diagnosis (≤9 years and ≥10
years), and cause of death. Adjusted HRs were calculated for
ASD (overall and by sex) and childhood autism separately.
Analyses of the risk of death considering the presence or ab-
sence of ASD and other mental/behavioral or neurologic mor-
bid conditions were conducted in 4 comparisons based on
model 2. Three comparisons were designed to assess the risk

of death from other morbid conditions in the absence of ASD,
from ASD in the absence of other morbid conditions, and from
ASD and other morbid conditions combined; the reference
groups for all 3 comparisons consisted of persons with no ASD
and no other morbid conditions. The fourth comparison was
designed to estimate the risk of mortality associated with the
addition of ASD in persons with other morbid conditions; the
reference group consisted of persons with any neurologic or
other mental/behavioral disorder but no ASD. The mental/
behavioral or neurologic morbid conditions were considered
as a group and, in addition, one by one.

Our study was approved by the Danish Data Protection
Agency, and data were received from the Danish National Se-
rum Institute. Informed consent was not required according
to Danish law governing registry-based research studies with
no participant contact.

Results
By the end of follow-up, 20 492 members (1.1%) of the study
cohort received a diagnosis of ASD, including 5902 (0.3%) with
childhood autism. Compared with persons without ASD, per-
sons with ASD were more likely to be male, preterm, have low
or high birth weight, and have older parents or parents with a
history of psychiatric diagnoses; they were also more likely to
have a history of other mental/behavioral or neurologic dis-
orders (Table 1).

As shown in Table 2, 68 persons with ASD died at a me-
dian age of 19.0 years with a median time from diagnosis to
death of 5.5 years, and 16 persons with childhood autism died
at a median age of 18.6 years with a median time from diag-
nosis to death of 5.1 years. Most of the persons with ASD who
died were male, born before the mid-1990s, or received a di-
agnosis of ASD after 9 years of age. In unadjusted analyses,
there was about a 2-fold significant increased risk of death
among persons with ASD overall (or with childhood autism)
compared with persons without ASD (Table 2; Figure), as well
as persons who died of natural or external causes (data on cause
of death were available for 57 of the 68 persons with ASD who
died). Only 3 specific categories of cause of death included at
least 5 persons with ASD who died: there was a 4.1-fold risk of
death (95% CI, 2.0-8.8) from neurologic causes among per-
sons with ASD, a 4.6-fold risk (95% CI, 2.7-8.0) from inten-
tional self-harm among persons with ASD, and a 40% in-
creased risk from accidents among persons with ASD (HR, 1.4
[95% CI, 0.8-2.3]) that was not statistically significant. In ad-
justed analyses, there remained a significant 2-fold increased
risk for death among persons with ASD overall; the relative risk
for males (aHR, 1.7 [95% CI, 1.2-2.6]) was half that for females
(aHR, 3.5 [95% CI, 1.7-7.0]).

Comorbid mental/behavioral and neurologic disorders
were common among persons with ASD who died; 57 of 68 of
persons with ASD who died (83.8%) had at least one of these
other disorders, and 22 of 68 (32.4%) had both mental/
behavioral and neurologic comorbid conditions. Two-thirds
of persons with ASD who died of external causes had mental/
behavioral comorbid conditions only, whereas half of the
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Table 1. Characteristics of Cohort Members Born in Denmark During the Period From 1980 to 2010 Who Were
Alive at 1.5 Years of Age

Characteristic

ASD, No. of Persons (%)

No Yes

Total No. 1 892 412 (98.9) 20 492 (1.1)

Sex

Male 965 197 (51.0) 15 902 (77.6)

Female 927 215 (49.0) 4590 (22.4)

Birth weight, g

≤2500 103 187 (5.5) 1506 (7.4)

2501-3000 258 380 (13.7) 2799 (13.7)

3001-4000 1 235 420 (65.3) 12 586 (61.4)

≥4001 288 150 (15.2) 3532 (17.2)

Gestational age, wk

<37 106 408 (5.6) 1551 (7.6)

37-40 1 267 928 (67.0) 13 393 (65.4)

≥41 487 674 (25.8) 5354 (26.1)

Maternal age, y

<35 1 650 812 (87.2) 17 584 (85.8)

≥35 241 600 (12.8) 2908 (14.2)

Paternal age, y

<35 940 380 (49.7) 11 400 (55.6)

≥35 364 953 (19.3) 5036 (24.6)

Parental psychiatric history

No 1 793 509 (94.8) 18 674 (91.1)

Yes 98 903 (5.2) 1818 (8.9)

Mental/behavioral disorders (not ASD) 137 962 (7.3) 14 020 (68.4)

Organic 1513 (0.1) 177 (0.9)

Disorders due to psychoactive substance use 15 835 (0.8) 422 (2.1)

Schizophrenia, schizotypal, or delusional disorders 12 663 (0.7) 1146 (5.6)

Mood (affective) disorders 33 063 (1.8) 1803 (8.8)

Neurotic, stress-related, somatoform disorders 64 362 (3.4) 3458 (16.9)

Behavioral syndromes associated with physiological disturbances and
physical factors

12 795 (0.7) 511 (2.5)

Disorders of adult personality and behavior 23 524 (1.2) 694 (3.4)

“Mental retardation” 7340 (0.4) 3272 (16.0)

Disorders of psychological development 12 746 (0.7) 3534 (17.3)

Behavioral and emotional disorders with juvenile onset 45 761 (2.4) 8074 (39.4)

Attention-deficit/hyperactivity disorder 28 191 (1.5) 5652 (27.6)

Unspecified mental disorder 10 177 (0.5) 772 (3.8)

Neurological disorders 87 132 (4.6) 2415 (11.8)

Inflammatory diseases 6038 (0.3) 88 (0.4)

Systemic atrophies 512 (0.0) 6 (0.0)

Extrapyramidal and movement disorders 1698 (0.1) 63 (0.3)

Other degenerative diseases 108 (0.0) 5 (0.0)

Demyelinating diseases 1512 (0.1) 7 (0.0)

Episodic and paroxysmal disorders 54 842 (2.9) 1696 (8.3)

Epilepsy 28 205 (1.5) 1300 (6.3)

Nerve, nerve root, and plexus disorders 11 393 (0.6) 96 (0.5)

Polyneuropathies and other disorders of the peripheral nervous system 1283 (0.1) 17 (0.1)

Diseases of myoneural junction and muscle 1622 (0.1) 64 (0.3)

Cerebral palsy and other paralytic syndromes 7621 (0.4) 339 (1.7)

Other disorders 10 603 (0.6) 393 (1.9) Abbreviation: ASD, autism spectrum
disorder.
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persons with ASD who died of natural causes had both mental/
behavioral and neurologic comorbid conditions.

The results of the 4 comparisons of mortality risk consid-
ering combinations of ASD and neurologic or mental/
behavioral morbid conditions are shown in Table 3 (see eTable
2 in the Supplement for results when considering each neu-
rologic or mental/behavioral disorder one by one and eTables
3 and 4 in the Supplement for covariate results). Compared with
persons with no ASD and no other morbid conditions, the risk
of death for persons with neurologic or mental/behavioral dis-
orders but no ASD was significantly increased (with aHRs of
10.4 and 3.3, respectively); the risk of death for persons with
ASD in combination with neurologic or mental/behavioral dis-
orders was also significantly increased (with aHRs of 7.6 and
2.6, respectively); the risk of death for persons with ASD but
no neurologic or other mental/behavioral disorders was lower
(with aHRs of 2.0 and 1.7, respectively); and only the mortal-
ity risk for persons with ASD in the absence of neurologic dis-
orders was significantly increased. Finally, compared with per-
sons with any neurologic or other mental/behavioral disorder
but no ASD, the risk of death for persons with ASD, in addi-
tion to any neurologic or other mental/behavioral disorder, was
low (with aHRs of 0.7 and 0.8, respectively) but not statisti-
cally significantly lower.

Discussion

Although the risk of premature death among persons with ASD
is 2-fold higher than among persons without ASD, mortality
is fortunately quite rare in youth and young adults, affecting
only 0.3% of persons with diagnosed ASD by the end of the fol-
low-up in our study. The overall increased risk for mortality
that we observed is consistent with a previous systematic re-
view of ASD-associated mortality studies.11

We report a significant 4.6-fold risk of death among per-
sons with ASD due to intentional self-harm. Fully 22.8% (13
of 57) of persons with ASD died of self-inflicted injuries (ie, in-
tentional self-harm was listed as the cause of death); 26.3% (15
of 57) of persons with ASD died in accidents, but the risk of
death due to accidents among persons with ASD was not sig-
nificantly increased. The majority of individuals with ASD
whose death was due to either intentional self-harm or an ac-
cident had mental/behavioral comorbid conditions.

The fact that most of the persons with ASD who died in
our study were males but that females with ASD had a higher
relative risk of death is consistent with prior reports.5-8,10-12

Notably, there was a small but not significantly increased risk
of death due to ASD among children younger than 18 years of

Table 2. Overall Mortality Associated With Autism Spectrum Disorder (ASD)

Variable

No. of Persons Median, y

HR (95% CI)

Adjusted HR (95% CI)

Alive at 1.5 y Died
Age at
Death

Time From
Diagnosis
to Death Model 1a Model 2b

ASD

Yes 20 492 68 19.0 5.5 2.2 (1.8-2.8) 2.7 (2.1-3.4) 2.0 (1.5-2.8)

No 1 892 412 7168 16.1 1 [Reference] 1 [Reference] 1 [Reference]

Childhood autism

Yes 5902 16 18.6 5.1 2.2 (1.3-3.5) 2.8 (1.7-4.7) 2.1 (1.2-4.0)

No 1 907 002 7220 16.1 1 [Reference] 1 [Reference] 1 [Reference]

ASD-specific stratum

Sex

Male 15 902 54 19.4 5.5 1.7 (1.3-2.2) 2.0 (1.5-2.6) 1.8 (1.2-2.6)

Female 4590 14 18.3 5.1 3.5 (2.1-5.9) 4.1 (2.4-7.0) 3.5 (1.7-7.0)

Birth-year group

1980-1995 8532 62 19.6 5.5 2.6 (2.0-3.3)

1996-2010 11 960 6 10.6 3.2 1.3 (0.6-2.9)

Age at diagnosis, y

≤9 10 381 22 14.2 7.6 1.6 (1.1-2.5)

≥10 10 111 46 21.7 5.0 2.7 (2.0-3.6)

Cause of deathc

Natural 28 18.5 4.7 2.2 (1.5-3.2)

Neurologic 7 16.5 6.5 4.1 (2.0-8.8)

External 29 19.6 5.6 2.0 (1.4-2.8)

Accidents 15 18.6 8.1 1.4 (0.8-2.3)

Intentional self-harm 13 19.8 4.7 4.6 (2.7-8.0)

Abbreviation: HR, hazard ratio.
a Cox regression using separate baseline diagnostic rates in 3-year strata of birth

year.

b Cox regression using separate baseline diagnostic rates in 3-year strata of birth
year, adjusting for sex, birth weight, gestational age, and parental age.

c Data available for 57 of 68 persons with ASD who died.
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age in our cohort, whereas Pickett et al7 reported increased
standard mortality ratios in this age group among persons
with ASD in the California Developmental Disability System,
1998-2002.

We tested the potential modifying effects of comorbidity
on mortality risk for persons with ASD into young adulthood,
with a focus on comorbid mental, behavioral, and neurologic
disorders. The majority of deaths among persons with ASD
were among persons with ASD and comorbid mental, behav-
ioral, or neurologic disorders, and the mortality risk was sig-
nificantly increased for persons with ASD and these other mor-
bid conditions compared with persons without any of these
disorders. We demonstrated for the first time, however, a
marked difference in the risk of death from ASD depending on
the presence or absence of other mental/behavioral and neu-
rologic morbid conditions. That is, for the mortality risk spe-
cific to ASD, we observed a 1.7- to 2.0-fold increased mortal-
ity risk for persons with ASD but without any other mental/
behavioral or neurologic disorders, whereas for persons with
1 or more of these conditions, the co-occurrence of ASD added
no additional mortality risk. However, the number of persons
with ASD but no other mental/behavioral or neurologic dis-
orders who died is small, and they may have other conditions

contributing to mortality risk. Further work is needed to clarify
the range of specific comorbidity effects in ASD-associated
mortality.

Differences in mortality risk specific to ASD, depending on
the presence or absence of neurologic or mental/behavioral co-
morbid conditions, suggest that the mechanisms underlying
mortality risk associated with ASD, in part, may be shared with
these other disorders. What might be the specific shared
mechanisms underlying mortality cannot be determined with
these data. As shown in our data and in previous reports, gen-
erally there is increased mortality among persons with other
psychiatric illnesses20,21 and neurologic disorders, including
epilepsy22 and cerebral palsy.23 The proposed reasons for the
increased mortality across these other conditions are varied,
and some may potentially be modifiable, including poor life-
style behaviors and physical health (eg, increased smoking, an
unbalanced diet, or a sedentary lifestyle), medication effects
(eg, leading to weight gain), negative social conditions (eg, iso-
lation or unemployment), enhanced suicidal tendencies, and
underlying neurologic problems (eg, seizures or poor neuro-
motor function). Poor medical monitoring of young adults,
which could lead to undetected health problems, could be a
contributing factor, possibly exacerbated in ASD by poor

Figure. Estimated Cumulative Incidence Curves of All-Cause Mortality by Age Among Persons With or Without
Autism Spectrum Disorder (ASD)
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Table 3. Mortality Risk Considering ASD and Neurologic Disorders and ASD and Other Mental/Behavioral
Disorders

Disorders ASD No. of Deaths

Adjusted Hazard Ratioa (95% CI)
Referent: No ASD
or Other Disorders

Referent: No ASD
but Other Disorders

Neurologic disorders

Yes Yes 27 7.6 (4.4-13.2) 0.7 (0.4-1.3)

No 1568 10.4 (9.6-11.2) 1 [Reference]

No Yes 41 2.0 (1.4-3.0)

No 5600 1 [Reference]

Mental/behavioral disorders

Yes Yes 52 2.6 (1.8-3.8) 0.8 (0.5-1.2)

No 863 3.3 (3.0-3.7) 1 [Reference]

No Yes 16 1.7 (1.0-3.1)

No 6305 1 [Reference]

Abbreviation: ASD, autism spectrum
disorder.
a Adjusted for all model 2 variables.
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social communication skills, resistance to new experiences, and
altered perception rendering them less likely to seek health
care. Because many of these mortality risk factors are shared
across the disorders, these common factors could underlie the
apparent shared risk for mortality between other psychiatric
and neurologic disorders and ASD.

An investigation with larger data sets is needed to deter-
mine whether the apparent shared mortality risk is limited to
a subset of conditions in the total pool of mental/behavioral
and neurologic disorders (eg, schizophrenia, affective disor-
ders, epilepsy, and cerebral palsy). There is much debate as to
whether the major psychiatric conditions are truly distinct dis-
orders or have shared etiologies and underlying neurobiologi-
cal mechanisms. Genetic studies have revealed the overlap of
copy number variations in ASD with epilepsy, intellectual
disability, schizophrenia, and bipolar disorder.24,25 A recent
multidisorder genome-wide association study and cross-
disorder polygenic score analysis identified specific single-
nucleotide polymorphisms associated with schizophrenia,
bipolar disorder, major depression, ASD, and attention-deficit/
hyperactivity disorder and a cross-disorder genetic associa-
tion between ASD and schizophrenia.26 It has also been hy-
pothesized that, based on the array of specific genetic
syndromes, genes, and copy number variations associated with
both ASD and epilepsy, neurodevelopmental processes lead-
ing to alterations in synaptic plasticity may be an underlying
mechanism linking the 2 disorders, as well as linking the 2 dis-
orders with intellectual disability.27,28 Motor impairment is
common in ASD and intellectual disability, as well as in ge-
netic conditions linked to ASD,29,30 and increased frequen-
cies of ASD have been observed in hypotonic cerebral palsy.31

In summary, the mortality patterns observed in our study
may support the hypotheses that ASD and the foregoing con-
ditions are linked by common underlying neurobiological fea-
tures despite disparate clinical diagnostic profiles. Although
the origins of these common features may rest in early neu-
rodevelopment, as seen in our data, the effects of the com-
mon features may be lifelong and may even contribute to com-
mon phenotypes that shape mortality risk. To test this
hypothesis, additional data on the underlying causes and as-
sociated neuropathology of ASD and these disorders and their
associations with mortality are needed.

The strengths of our study include the large population-
based cohort design and unbiased, prospective medical

follow-up in Denmark, where the provision of health care is
universal and free of charge. The validity of a registry-
reported diagnosis of childhood autism is high.32 The validity
of an ASD diagnosis is unknown, but ascertainment appears
to be fairly complete because the prevalence of ASD in Den-
mark (1.1% in these data) is consistent with US surveillance
estimates.4 The adoption of the ICD-10 from 1994 and the
inclusion of outpatient discharge diagnoses from 1995 con-
tributed to substantial increases in registry-reported ASD
diagnoses,33 although it is unknown how these changes
affected reporting of other morbid conditions. Our analyses
controlled for changes in ASD prevalence over time by incor-
porating separate baseline diagnostic rates in strata of 3-year
birth-year groups in the Cox regression models. Errors or
imprecision in cause of death data may arise owing to medi-
cal and reporting practices, but there is no way to determine
whether such misclassification is differential with respect to
an ASD diagnosis. Despite the large sample size and the longi-
tudinal follow-up, the study cohort is fairly young. A longer
follow-up into later adulthood and also the use of larger data
sets to confirm the mortality patterns are needed. The rela-
tively youthful study cohort members may also underlie the
relatively high absolute frequency of both accidents and
intentional self-harm as causes of death; as the cohort ages,
the contribution to mortality from chronic, adult-onset medi-
cal conditions may increase.

Conclusions
The recognition that the sources of risk for premature death
among persons with ASD may be mediated through or
shared, in substantial part, with other mental/behavioral
and neurologic morbid conditions provides a basis for
future research into the mechanisms underlying these pre-
mature deaths among persons with ASD. Shared mortality
risk among these serious disorders also lends a novel per-
spective from which to examine their potential neurobio-
logical links. Meanwhile, it is important for persons with
ASD, their families, and health care professionals to recog-
nize the important role these comorbid conditions play in
ASD-associated deaths and to consider preventive measures
against associated mortality risk, including risk for inten-
tional self-harm.
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