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IMPORTANCE Autism spectrum disorder (ASD) and attention-deficit/hyperactivity disorder
(ADHD) are childhood-onset disorders that may persist into adulthood. Several studies have
suggested that they may be associated with an increased risk of mortality; however, the
results are inconsistent.

OBJECTIVE To assess the risk of mortality among persons with ASD or ADHD and their
first-degree relatives.

DATA SOURCES A search of MEDLINE, Embase, Scopus, Web of Science, and PsycINFO
(published from inception to April 1, 2021) was supplemented by searching reference lists of
the retrieved articles.

STUDY SELECTION Cohort and case-control studies that reported mortality rate ratios (RRs) in
persons with ASD or ADHD and/or their first-degree relatives compared with the general
population or those without ASD/ADHD were included.

DATA EXTRACTION AND SYNTHESIS Screening, data extraction, and quality assessment were
performed by at least 2 researchers independently. A random-effects model was used to
meta-analyze individual studies and assessed heterogeneity (/).

MAIN OUTCOMES AND MEASURES All-cause mortality in association with ASD or ADHD.
Secondary outcome was cause-specific mortality.

RESULTS Twenty-seven studies were included, with a total of 642 260 individuals. All-cause
mortality was found to be higher for persons with ASD (154 238 participants; 12 studies; RR,
2.37: 95% Cl, 1.97-2.85; I, 89%; moderate confidence) and persons with ADHD (396 488
participants; 8 studies; RR, 2.13; 95% Cl, 1.13-4.02; I?, 98%; low confidence) than for the
general population. Among persons with ASD, deaths from natural causes (4 studies; RR,
3.80; 95% Cl, 2.06-7.01; I, 96%:; low confidence) and deaths from unnatural causes were
increased (6 studies; RR, 2.50; 95% Cl, 1.49-4.18; I, 95%; low confidence). Among persons
with ADHD, deaths from natural causes were not significantly increased (4 studies; RR, 1.62;
95% Cl, 0.89-2.96; I?, 88%; low confidence), but deaths from unnatural causes were higher
than expected (10 studies; RR, 2.81; 95% Cl, 1.73-4.55; I°, 92%; low confidence).

CONCLUSIONS AND RELEVANCE This systematic review and meta-analysis found that ASD and
ADHD are associated with a significantly increased risk of mortality. Understanding the
mechanisms of these associations may lead to targeted strategies to prevent avoidable
deaths in high-risk groups. The substantial heterogeneity between studies should be
explored further.
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hyperactivity disorder (ADHD) are common child-

hood onset neurodevelopmental disorders,? with es-
timated worldwide prevalence of 58.6 million cases among
children and young people 20 years and younger.? Although
the cause of ASD and ADHD remains largely unknown, a com-
plex interaction of multiple factors is thought to contribute to
the development of both conditions, generally persisting into
adulthood.? Both disorders have been found to be associ-
ated with psychosocial functional impairments and a range of
adverse outcomes in patients and their families.**

Deaths in people with mental disorders have been exam-
ined in multiple epidemiologic studies''? suggesting that
people with these disorders may experience a significant re-
duction in life expectancy, with increased mortality rates over
the general population. Similarly, several studies>'° have sug-
gested that persons with ASD or ADHD may be associated with
an increased risk of mortality; however, the results are incon-
sistent. For example, Pickett et al*®* reported a 2-fold higher mor-
tality rate ratio (RR) of 2.4 (95%, 2.2-2.8) in persons with ASD
compared with those without it in the California Develop-
ment Disability System. Bilder et al'* showed a mortality RR
0f11.59 (95% CI, 6.24-21.53) in the Utah/University of Califor-
nia, Los Angeles Autism Epidemiologic Study. However, Smith
et al'® suggested a nonstatistically significant increase in mor-
tality (RR, 1.10; 95% CI, 0.50-2.50) in a large cohort study of
school pupils with and without ASD. Conversely, Dalsgaard
etal'®and Sun et al'” suggested increased mortality risk in per-
sons with ADHD in large population-based cohorts from Den-
mark (fully adjusted RR, 2.07; 95% CI, 1.70-2.50) and Sweden
(RR, 3.94; 95% CI, 3.51-4.43), respectively. London and
Landes'® suggested similar results, with an adjusted RR 0f 1.78
(95% CI, 1.01-3.12). More recently, a nationwide population-
based cohort study in Taiwan'® showed that having ADHD was
associated with having a marginally increased risk of mortal-
ity after full adjustment (fully adjusted hazard ratio, 1.07; 95%
CI, 1.00-1.17).

To our knowledge, no systematic review and meta-
analysis of epidemiologic studies has specifically evaluated the
mortality risk and main causes of death in persons with ASD
or ADHD. A systematic review?° of studies published until 2010
examined ASD and 2 outcomes (epilepsy and mortality). Only
5 studies investigating mortality associations were located,?°
so lack of data precluded exploring potential variations in all-
cause mortality and quantifying cause-specific mortality risks.
Therefore, in our study, we conducted a comprehensive knowl-
edge synthesis to identify and evaluate all available observa-
tional studies of mortality associations in people with ASD or
ADHD, which provide more complete information, and the
most updated epidemiologic evidence than previous studies.
Our systematic review and meta-analysis of epidemiologic
studies for ASD and ADHD has only become possible in the past
few years because several large population-based observa-
tional studies!®-!71°:21 have been published that have re-
ported similar mortality-related outcome measures. In this
study, we aimed to evaluate the risk of both all-cause and
cause-specific mortality among persons with ASD or ADHD and
their first-degree relatives.

Q utism spectrum disorder (ASD) and attention-deficit/
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Key Points

Question Are persons with autism spectrum disorder (ASD) or
attention-deficit/hyperactivity disorder (ADHD) at a higher risk of
dying compared with the general population?

Findings In this systematic review and meta-analysis of 27
studies, persons with ASD or ADHD had higher mortality rates
than the general population. When causes of death were
examined, ASD and ADHD were associated with higher mortality
due to unnatural causes (eg, injury, poisoning, and other), and only
persons with ASD had an increased risk of mortality from natural
causes of death (eg, neurologic, respiratory system, and cancer).

Meaning Having ASD or ADHD may be associated with higher
mortality risks.

Methods

Our systematic review was reported in accordance with the
2020 Preferred Reporting Items for Systematic Reviews and
Meta-analyses (PRISMA) reporting guideline.?? We also
reported this study in accordance with the guidance provided
in the Meta-analysis of Observational Studies in Epidemiology
(MOOSE) reporting guideline?® (eTables 1 and 2 in the
Supplement). We developed and registered a review protocol
(PROSPERO registration number: CRD42017059955). Our
methods are briefly described here (and explained in more
detail in the protocol?* and in eTables 1-12 in the Supplement).

Information Sources and Search Strategy

An information specialist (A.A.-A.) searched MEDLINE (via
PubMed), Scopus, Embase, Web of Science Core Collection, and
PsycINFO (via ProQuest) to identify all relevant observa-
tional studies in humans that examined the risk of mortality
among persons with ASD or ADHD, published from inception
to April 1, 2021, without language restrictions. The search strat-
egies for all electronic databases are presented in the eTable 5
in the Supplement. References of all relevant primary studies
and review articles were also screened to identify additional
data sources.

Eligibility Criteria

To be included, primary studies had to be observational (co-
hort, case-control) studies of persons with ASD or ADHD ac-
cording to standard operationalized diagnostic criteria (eg, In-
ternational Classification of Diseases, Ninth Revision [ICD-9] or
Tenth revision [ICD-10] or third, fourth, or fifth editions of the
Diagnostic and Statistical Manual of Mental Disorders criteria;
ASD, ICD-9 codes 299.0 and 299.8 and ICD-10 code F84; ADHD,
ICD-9 codes 314.00 and 314.01 and ICD-10 code F90) and re-
port the mortality RR for the risk of mortality in people with
ASD/ADHD compared with the general population or those
without ASD/ADHD, or have enough data (eg, number of cases
and sample size; observed and expected cases) to compute
these estimates. We excluded studies in which ASD or ADHD
were not the exposure of interest and mortality was not re-
ported as the outcome. Studies not presenting study-specific
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data or sufficient data for an outcome measure to be calcu-
lated were also excluded. We excluded case reports, case se-
ries, in vitro studies, and animal studies.

Outcomes

The primary outcome was all-cause mortality (ICD-10 codes
A00-Y98 and ICD-9 codes 001-E999). Cause-specific mortal-
ity rates were evaluated as a secondary outcome of interest
(eTable 3 in the Supplement).

Screening and Selection Process

Two investigators (F.C.-L., D.M.S.-G., and/or M.R.) indepen-
dently screened all titles and abstracts and retrieved the full
text of any article considered definitely or possibly eligible. The
same investigators reviewed the full-text articles against the
eligibility criteria. Any disagreement between these investi-
gators was resolved by discussion.

Data Extraction and Quality Assessment

Two investigators (F.C.-L., D.M.S.-G., and/or M.R.) indepen-
dently extracted relevant information from the included stud-
ies: first author, publication year and period of recruitment,
country, study design, setting, coverage, mean or median age
(or age range), proportion of women participants, ethnicity, co-
morbidities, social status, diagnostic criteria and ascertain-
ment of outcome, consideration of confounding factors, the
number of participants with fatal outcome, and maximally ad-
justed RR estimates with 95% CIs. When relevant fatal out-
come data were not available, we directly contacted the cor-
responding author of the study to request the information
(eTable 7 in the Supplement). Two pairs of investigators (F.C.-
L., M.J.P.,D.M.S.-G.,and M.R.) independently undertook meth-
odologic quality assessment of included studies using the New-
castle-Ottawa scale®” and allocated stars for adherence to the
prespecified criteria. This scale ranges from O (lowest qual-
ity) to 9 (highest quality) stars and judges each study regard-
ing selection of study groups, comparability, and ascertain-
ment of the outcome. We considered studies with O to 3, 4 to
6, and 7 to 9 stars to represent high, moderate, and low risk of
bias, respectively. Discrepant scores were resolved by discus-
sion among investigators.

Data Analysis

To measure the association between the mortality in people
with ADHD or ASD and the mortality in the reference control
group, we did meta-analysis using the inverse variance ran-
dom effects model?® (with the DerSimonian-Laird between-
study variance estimator) to pool weighted all-cause and spe-
cific-cause mortality RR estimates. We explored the
contributions from natural and unnatural causes of death. Un-
natural deaths were defined based on ICD codes (ICD-10 codes
V01-Y98 or ICD-9 codes E800-999); the remaining deaths were
classified as natural. All meta-analyses were conducted for
ADHD and ASD separately. We assessed heterogeneity be-
tween studies using the P value of Cochran Q test?” and the I
statistic (with 95% CIs),?® which could reflect either genuine
heterogeneity or bias. The I statistic ranges between 0% and
100% (with values of 0%-25% and 75%-100% taken to indi-
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cate low and considerable heterogeneity, respectively). We also
calculated 95% prediction intervals, which further account for
heterogeneity between studies and indicate the uncertainty
for the effect that would be expected in a new study examin-
ing that same association.?° To assess the robustness of pooled
results and explore possible reasons for heterogeneity, pre-
specified subgroup analyses?* were performed according to sex
(male or female), number of comorbidities (including O, 1, 2,
or any), age group at first diagnosis of ASD or ADHD (prior to
age 18 years or at 18 years or older), number of participants with
ASD or ADHD (<500 vs 500-1000 vs >1000), setting (commu-
nity, inpatient care, or outpatient care), follow-up (less than 1
year, 1-5 years, >5 years), study quality (low vs moderate vs high
risk of bias), and statistical adjustment for potential confound-
ers (yes vs no). Small study effects (the tendency for expo-
sure effects estimated in smaller studies to differ from those
estimated in larger studies, which can result from reporting
biases, methodologic heterogeneity, epidemiologic heteroge-
neity, or other factors) was estimated visually by funnel plots
or by Begg test and the weighted regression test of Egger. P val-
ues were determined using the Woolf method. P values were
2-tailed, and statistical significance was set at less than .05.
We performed all data analyses using Stata version 17
(StataCorp).

Credibility Assessment
We applied a set of criteria to classify the credibility (or cer-
tainty) of the evidence from meta-analysis based on the Global
Burden of Disease®° and GRADE system?! (eTable 10 in the
Supplement).

With the publication of this article, the full data set will
be freely available online in the Open Science Framework,>? a
secure online repository for research data. Amendments to the
original protocol are listed in the eTable 4 in the Supplement.

. |
Results

Extent of Relevant Literature Identified

We screened 2541 titles and abstracts, followed by 68 full-
text articles (Figure 1). Twenty-seven epidemiologic studies
published in 32 articles!>19-21:33-56 met our inclusion criteria.

Description of Studies and Participants

Table 1 and eTable 8 in the Supplement summarize the
characteristics of the included studies. All studies were pub-
lished in English from 1988 through 2021. Twenty-three
studies!®-18:33-42,44-54.56 ywere from North America and
Europe (11 in the US,13’14’18’33_37’41’42’46’50’51’53 5 in
Denmark,!6-38:39-44,49,52,56 3 jp Sweden,”4%-47 2 in Finland,*>>*
and 2 in the UK'*®). Seventeen studies were retrospective
Cohorts,13*16,18,21,33*39,43,44,48,50,52756 8 were prospective
cohorts,!7:19-40-42,45,46,49 and 2 were retrospective case-
control studies.*”>! Fourteen studies!3-1>:21:34,35,38-40,47-50,
s3-56 included 206162 participants with ASD, and 12
studies!®-19-33.36.37.41,42,44-46.51.52 ypcluded 433 761 partici-
pants with ADHD. The number of participants with ASD ranged
from 120 to 35 929, and the number of participants with ADHD
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Figure 1. Flow Diagram of Study Selection

4200 Records identified
1636 MEDLINE
1087 Embase
634 SCOPUS
443 Web of Science
400 PsycINFO

6 Records identified through
other sources: citation searching

1659 Records removed
—> before screening:
duplicates excluded

2541 Records screened

2473 Records excluded
as not relevant

68 Full-text articles assessed

for eligibility
37 Excluded
13 Study design
12 Wrong exposure

9 Did not have mortality
as an outcome
3 Other

27 Studies included in review
32 Articles of total included studies

ranged from 110 to 275 980. The proportion of female partici-
pants ranged from 14% to 100%. Median (range) follow-up was
16 (3-33) years. Twelve studies!®2%-33:36,37:40,42,46,48,50,52,55 f5].
lowed up participants to young adult age (mean age, <40 years).
Only 3 studies'+36-3743 included first-degree relatives of people
with ADHD or ASD diagnosis.

There were 49 individual study estimates for all-cause
mortality in persons with ASD or ADHD and/or
their first-degree relatives (eTable 9 in the Supple
ment). Seventeen studies!4:16-19:33,38-40,47-49,51.56 proyided
adjusted RR estimates to control for several covariates
(eg, age, sex, calendar year, or other). Twenty-one
studies!314:16-19,21,33-40,42-47,49-52,54,56 reported information on
12 cause-specific mortality outcomes. The most studied ICD-10
categories were external causes of mortality (such as injuries,
unintentional incidents, suicides, and poisoning), account-
ing for 1215 cases (61.2%) in 21 studies!®:14-16.17:19,21,33-40,42-47,
49-52,54,56. followed by diseases of the circulatory system,
accounting for 190 cases (9.6%) in 8 studies!17:21,38-40,43,45,47
and neoplasms, accounting for 168 cases (8.5%) in
7 studies!®14:17:21.34.35.40.43.47 (aFigure 23 in the Supplement).
Infectious diseases accounted 8 cases (0.4%) in 4
studies'*38-4047 and complications of pregnancy, childbirth,
and puerperium only accounted 1 case (0.1%) in 1 study.**
Regarding the methodologic quality (eTable 10 in the
Supplement), 16 studies!®
38-40, 42- 44, 47749, 52,55, 56 (599;) had low risk of bias and 11
studies!>18:36:37:41,43.45,46,49,51.55.54 had moderate risk of bias
(Newcastle-Ottawa Scale values, 4-9).

Main Findings From Meta-analyses
Our all-cause meta-analyses focused the risk of dying in
persons with ASD or ADHD compared with the general
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population and included 21 studies!319:21:34-42,44-49,53-55 tha¢

contributed 46 data points (Table 2; eFigure 23 and eTable 9
in the Supplement). Thirty-four of 46 all-cause mortality RR
estimates (74%) suggested an increased risk of mortality in
individuals with ASD or ADHD. Among participants with
ASD, all-cause mortality was increased in both sexes com-
bined (12 studies!®1%:21:34,35,38-40,47-49,53-55, RR ' 2 37; 95% ClI,
1.97-2.85; I?, 89%; moderate confidence) and separately for
male individuals (8 studies!®14-34,35,38-40,47,49,53,54, RR 2 09;
95% CI, 1.50-2.92; I, 94%; low confidence) and female indi-
viduals (8 studies!3-14:34,35,38-40,47,49,53,54, RR 4.87; 95% CI,
3.07-7.73; I?, 91%; low confidence). Among persons with
ADHD, all-cause mortality was also increased in both sexes
combined (8 studies!®19:36:37:42,:44-46. RR ' 9 13; 95% CI, 1.13-
4.02; I, 98%; low confidence), and separately for male indi-
viduals (5 studies!®-1719-4144.45. RR 2 43; 95% CI, 1.01-5.83;
I?, 99%; low confidence) and female individuals (4
studies!®17:19:44:45, RR, 2.84; 95% CI, 1.02-7.89; IZ, 97%; low
confidence) (Table 2 and Figure 2 and Figure 3). Meta-
analysis for all-cause mortality among first-degree relatives
was not possible, with only 3 studies reporting outcome
data (1 study' in siblings of children with ASD, 1 study*® in
mothers of children with ASD, and 1 study>®*” in parents of
children with ADHD).

Secondary outcome meta-analyses focused on the
cause-specific mortality RR in persons with ASD or ADHD
compared with the general population and included 17
Studiesl3, 16,17, 19, 21, 33-39, 42, 44-47, 49, 51, 52, 54, 56 that Contrib-
uted 89 data points (Table 2 and eTable 9 and eFigures 1-7 in
the Supplement). A total of 67 of 87 cause-specific
mortality RR estimates (75%) were increased. Among per-
sons with ASD, deaths from natural causes
(4 studies!®34-35:47:49.54, RR_ 3.80; 95% CI, 2.06-7.01; I?,
96%; low confidence) and deaths from unnatural causes
were increased (6 studies!?:34:35-47:49,50,54,56, RR ' 9 50; 95%
CI, 1.49-4.18; 2, 95%; low confidence). Among persons with
ADHD, deaths from natural causes were not
significantly increased (4 studies!®1”19-44:45; RR, 1.62; 95%
CI, 0.89-2.96; I, 88%; low confidence), but deaths from
unnatural causes were higher than expected (10
studies!6:17:19:33,36,37,42,44-46,51.52, RR ' 7 81; 95% CI, 1.73-4.55;
I2, 92%; low confidence).

Additional Analyses

The full details of the additional analyses are reported in
eFigures 1 to 23 in the Supplement. Statistical heterogeneity
was not substantially reduced when analyses were stratified
by prespecified (exploratory) subgroup analyses such as
number of comorbidities, age group at first diagnosis, num-
ber of participants (sample size), setting, follow-up period,
study quality, and adjustment for potential confounders.
Overall, the I statistic indicated that data were heteroge-
neous in many of the pooled analyses, and therefore, these
summary measures must be interpreted with appropriate
caution. Insufficient data were available to do preplanned
subgroup analyses2* by diagnostic criteria, ethnicity, geo-
graphic region, or year of publication as there were not
enough data. We undertook a funnel plot, and Begg and
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Figure 2. Risk of All-Cause Mortality in People With Autism Spectrum Disorder (ASD)

Participants RR Decreased : Increased Weight,

All-cause mortality with ASD Deaths (95% ClI) risk of death : risk of death %
ASD, both

Pickett et al, 3 2006;

Shavelle et al,34 2001; 13111 280 2.45(2.18-2.76) ] 11.74

Shavelle et al,35 1998

:\:::;d:tegl;t&aagzgoog; 341 26 1.93 (1.26-2.82) - 7.80

Gillberg et al,0 2010 120 9 5.56(2.71-10.20) —— 4.80

Bilder et al,14 2013 305 29 11.59(6.24-21.53) —i— 5.20

Hirvikoski et al,4” 2016 27122 706 2.56(2.38-2.76) [- ] 12.08

Hosking et al,8 2016 1532 15 2.22(1.01-4.86) —— 3.85

Schendel et al,° 2016 20492 68 2.00 (1.50-2.80) - 9.14

Hwang et al,21 2019 35929 244 2.06 (1.64-2.58) k3 10.41

Akobirshoev et al,53 2020 34237 462 1.51(1.33-1.72) [—] 11.63

Jokiranta-Olkoniemi et al,54 2020 4696 53 1.70(1.20-2.60) —— 8.03

Huang et al,55 2021 6599 119 2.79 (2.44-3.18) [—] 11.59

Smith et al,1>2021 9754 6 1.10(0.50-2.50) —a— 3.72

RE meta-analysis (12=88.9%, P<.001) 154238 2017 2.37(1.97-2.85) <o 100
ASD, male

Pickett et al,13 2006;

Shavelle et al,34 2001; 10412 205 1.86(1.63-2.14) = 15.77

Shavelle et al,35 1998

:\Q::e”rd:f:le;gaggg 256 18 1,57 (0.93-2.48) i 12.01

Gillberg et al,39 2010 85 3 2.26 (0.57-6.14) ——— 5.31

Bilder et al,14 2013 228 20 9.91 (4.77-20.60) —— 9.12

Hirvikoski et al,4” 2016 18693 410 2.87 (2.60-3.16) = 15.97

Schendel et al,49 2016 15902 54 1.80 (1.20-2.60) - 13.31

Akobirshoev et al,53 2020 25772 319 1.25(1.08-1.45) = 15.70

Jokiranta-Olkoniemi et al,54 2020 3737 42 1.50(0.98-2.30) = = 12.81

RE meta-analysis (12=93.7%, P<.001) 75085 1071 2.09 (1.50-2.92) R 100
ASD, female

Pickett et al,13 2006;

Shavelle et al,34 2001; 2699 75 5.35(4.27-6.72) . 16.69

Shavelle et al,3> 1998

:\:::e”rd:te;le;gagzg 85 8 4.01(1.73-7.90) — 11.82

Gillberg et al, %0 2010 35 6 20.69 (8.39-43.03) —— 11.25

Bilder et al,14 2013 77 9 30.14 (6.31-143.87) —— 5.81

Hirvikoski et al,4” 2016 8429 296 2.24(1.99-2.51) = 17.20

Schendel et al, %9 2016 4590 14 3.50(1.70-7.00) + 12.35

Akobirshoev et al,>3 2020 8465 143 2.75(2.09-3.64) l 16.36

Jokiranta-Olkoniemi et al,54 2020 958 11 5.30(1.70-16.30) —— 8.51

RE meta-analysis (12=91.2%, P<.001) 25338 562 4.87 (3.07-7.73) > 100

T T T AR 1
0.1 1 10 100 20

RR (95% Cl)

The size of each box indicates the effect of each study by weight assigned using the random-effects (RE) model; diamond, estimated effect size; and width of

diamond, the precision of the estimate (95% Cl). RR indicates risk ratio.

diate causes of death. While potentially preventable, reduc-
ing excess premature mortality (eg, due to external causes) can
be challenging. For example, systematic screening would be
advisable in health services and social care, and preventive edu-
cation can be feasible in almost all circumstances. However,
some persons with ADHD/ASD are often from socioeconomi-
cally disadvantaged groups/areas and are more likely to be ex-
posed to environmental risk factors (eg, substance misuse, vio-
lence) than other populations.®'®* Similarly, studies®*®° have
shown that persons with ADHD or ASD may be less likely to
receive timely diagnosis and prompt care. All these factors are
possible complications of ASD/ADHD, so the implication for

JAMA Pediatrics Published online February 14, 2022

practiceis that health care professionals should recognize their
importance.

Strengths and Limitations

This study had several strengths and limitations. We used es-
tablished methods to leverage a large number of records iden-
tified from each database searched and contacted study au-
thors to identify relevant outcome data. However, our search
strategy could have omitted abstracts that did not state all-
cause or cause-specific mortality as an included outcome. Ob-
servational studies in this area are increasingly conducted
within large routinely collected electronic health databases,
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Figure 3. Risk of All-Cause Mortality in People With Attention-Deficit/Hyperactivity Disorder (ADHD)
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The size of each box indicates the effect of each study by weight assigned using the random-effects (RE) model; diamond, estimated effect size; and width of

diamond, the precision of the estimate (95% Cl). RR indicates risk ratio.

sometimes with hundreds of thousands of health care users.
These studies generate precise estimates of exposure effects,
which sometimes may be inaccurate because of potential re-
sidual confounding. For example, electronic health records data
may have limitations when used for research, including lim-
ited information on lifestyle and socioeconomic determi-
nants of health. In this systematic review, there was hetero-
geneity in the included studies in terms of the design, settings,
populations, and outcomes. Some of the included studies have
arestricted age of follow-up (eg, individuals younger than 40
years). We used study-level data instead of individual partici-
pant data, so the small number of studies (and events) for most
cause-specific mortality estimates limited the subgroup analy-
ses that could be conducted to account for potential sources
of heterogeneity. Furthermore, our results might have lim-
ited generalizability because the studies were mostly con-
ducted in Western countries. Although we adopted reproduc-
ible definitions, our meta-analyses were challenged by the
reporting of events in studies. None of the primary studies ex-
amined and reported all the fatal outcomes of interest. Also,
incomplete reporting is common in the literature and limited
our possibilities to optimally synthesize the data for some spe-
cific causes of death. Future studies should adopt rigorous pro-
tocols when studying the effects of ASD/ADHD on health, which
should clearly define all outcomes and exposures, how the
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study population was selected, how data were collected, and
that all relevant potential confounders should be accounted
for. Reporting guidelines, such as the Strengthening the Re-
porting of Observational Studies in Epidemiology (STROBE)
reporting guideline,®® and the Reporting of Studies Conducted
Using Observational Routinely-Collected health Data (RECORD)
statement,®” should be rigorously implemented for individual
study reports. Finally, small study effects were not
quantitatively assessed for most of the outcomes because there
were inadequate numbers of included studies to properly
assess a funnel plot or use more sophisticated methods.

. |
Conclusions

We found suggestive evidence that ASD and ADHD are asso-
ciated with a significantly increased risk of mortality.
Understanding the mechanisms of these associations may
lead to targeted strategies to prevent avoidable deaths in
high-risk groups of children and young people as an
approach to improve public health. For example, clinicians
and health care professionals can be encouraged to rou-
tinely collect information on behavioral, medical condi-
tions, and health outcomes related to ASD/ADHD, empha-
sizing the need to recognize and address modifiable
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vulnerability factors and prevent delays in health care pro-
vision. Additionally, we hope that these estimates can shed
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