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Abstract
Background: Autism spectrum disorder (ASD) and attention deficit hyperactivity disorder (ADHD) are childhood
onset neurodevelopmental disorders that may persist into adulthood. ASD and ADHD tend to run in families and
may have a significant negative impact on the health and longevity of those with the disorder and their relatives.
The aim of this study will be to analyze the risk of mortality among children, adolescents, and adults with ASD or
ADHD and their first-degree relatives.
Methods/design: We will conduct a systematic review and meta-analysis of observational studies. Searches of
PubMed/MEDLINE, EMBASE, PsycINFO, SCOPUS, and ISI Web of Science will be used to identify epidemiological
studies. Eligible studies will be observational studies reporting study-specific data for all-cause mortality or cause-specific
mortality in children, adolescents, or adults with ASD or ADHD and/or their first-degree relatives. Cohort
studies and case-control studies will be included. The primary outcome will be all-cause mortality. The secondary
outcome will be cause-specific mortality. Two reviewers will independently screen references identified by the
literature search, as well as potentially relevant full-text articles. Data will be abstracted, and study risk of bias/
methodological quality will be appraised by two reviewers independently. The methodological quality of
epidemiological studies will be appraised using the Newcastle-Ottawa Scale (NOS). Conflicts at all levels of
screening and abstraction will be resolved through discussion. Random-effects meta-analyses of primary
studies will be conducted where appropriate. Subgroup analyses for exploring statistical heterogeneity, if
feasible, will include gender, age group, ethnicity, comorbidities, classification of cause of death, and relevant
study characteristics.
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Discussion: Our study will establish the extent of the epidemiological evidence underlying the risk of mortality
among children, adolescents, and adults with ASD or ADHD and their first-degree relatives. We anticipate that
our findings will be of interest to patients, their families, caregivers, healthcare professionals, scientists, and policy
makers. Implications for future epidemiological research will be discussed.
Systematic review registration: PROSPERO CRD42017059955.
Keywords: Autism spectrum disorders, Attention deficit hyperactivity disorder, Adolescent, Adult, Child, Child
development, Epidemiology, Mortality, Meta-analysis, Neurodevelopmental disorders, Systematic review

Background
Autism spectrum disorder (ASD) and attention deficit
hyperactivity disorder (ADHD) are childhood onset neurodevelopmental disorders that may persist into adulthood
[1–3]. ASD is characterized by deficits in social communication and reciprocal interactions as well as stereotypical
behavior [2], whereas ADHD is characterized by a persistent pattern of symptoms of hyperactivity, impulsiveness,
and inattention [3]. Although the etiology of ASD and
ADHD remains largely unknown, a complex interaction of
multiple factors is thought to contribute to the development of both conditions. ASD and ADHD present a set of
behavioral problems producing significant functional impairment in social, school, or work performance and in the
everyday activities of patients and their families [1–6]. In
2015, global burden estimates revealed 62.2 million people
with ASD (representing 10,051,515 disability-adjusted life
years) and 51.1 million people with ADHD (representing
620,074 disability-adjusted life years) worldwide [7, 8]. The
burden due to premature mortality is not reflected in these
numbers because the potential contribution of severe mental illness to mortality from associated causes is not considered generally [8, 9]. This is due to the manner in which
causes of deaths are assigned in the International Classification of Diseases (ICD) death coding system [10, 11].
Death in people with severe mental disorders has been
examined in observational studies [12–14], and in recent
years, evidence has been accumulated suggesting that
people with mental disorders may experience a significant
reduction in life expectancy, with risk of mortality increasing with the severity of the disorder [15]. A 2012 systematic review [16] evaluating two outcomes (epilepsy and
mortality) claimed that people with ASD may have a
higher risk of mortality than the general population. Since
then, several large observational studies on the risk of
mortality in ASD or ADHD have been published [17–19].
ASD and ADHD tend to run in families and may have a
significant negative impact on the health and longevity
both of those with the disorder and their first-degree relatives [20, 21]. To the best of our knowledge, no systematic
review and meta-analysis of epidemiological studies has
specifically evaluated the mortality risk and main causes
of death in ASD or ADHD.

To better understand the strength of evidence, we
will conduct a systematic review and meta-analysis analyzing the risk of all-cause mortality among children,
adolescents, and adults with ASD or ADHD and their
first-degree relatives. A further aim will be to address
cause-specific mortality and to evaluate the role of bias
and potential moderators in the associations between
ASD or ADHD and the risk of dying.

Methods
The proposed systematic review will be conducted and
reported in accordance with the reporting guidance
provided in the Preferred Reporting Items for Systematic
Reviews and Meta-analyses (PRISMA) statement [22] and
the Meta-analysis Of Observational Studies in Epidemiology (MOOSE) reporting guideline [23]. This systematic
review protocol is registered with the International Prospective Register of Systematic Reviews (PROSPERO)
database (registration number: CRD42017059955) and has
been reported in accordance with the PRISMA for Protocols (PRISMA-P) statement [24, 25] (see Additional file 1
for the checklist).
Eligibility criteria

Studies will be selected according to the following criteria:
study design and participants (exposure), comparator(s) or
control group, outcome(s) of interest, and setting.
Study design and participants of interest

Eligible studies will be observational studies reporting
study-specific data for all-cause mortality or cause-specific
mortality in children, adolescents, or adults with ASD or
ADHD and/or their first-degree relatives. Case-control
studies, prospective cohort studies with a reference comparator, and retrospective cohort studies with a reference
comparator (also known as historical cohort studies) will
be included. Randomized controlled trials will be unavailable for our research question. For participants (index
subjects will be patients or first-degree relatives), we will
use investigator-reported definitions of ASD or ADHD
according to the accepted diagnostic criteria (e.g., ninth or
tenth revisions of the ICD coding system or the third,
fourth, or fifth edition of the Diagnostic and Statistical
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Manual of Mental Disorders [DSM] criteria): ASD (ICD-9:
299.0, 299.8; ICD-10: F84) and ADHD (ICD-9: 314.00,
314.01; ICD-10: F90). We will exclude studies in which
ASD or ADHD is not the exposure of interest and allcause or cause-specific mortality is not the outcome of
interest. Observational studies not presenting studyspecific data (e.g., relative risks, 95% confidence intervals,
numbers of cases/population, observed, and expected
cases) or sufficient data for an outcome measure to be
calculated (see the “Outcomes” section below) will be also
excluded.
Comparator(s) or control group

The comparator group will be based on subjects with
no history of ASD or ADHD (e.g., the general population, the community, unexposed outpatient or hospitalbased controls, parents or siblings of people without
ASD or ADHD).
Outcome(s)

The primary outcome will be all-cause mortality based
on valid information sources (e.g., national vital registration system, hospital records, death certificates, verbal
autopsy standards). Effect measures will include the
maximally adjusted effects reported as the standardized
mortality ratio (SMR), the relative risk (RR), the odds
ratio (OR), and the hazard ratio (HR) for the risk of
mortality between ASD and ADHD compared with
controls. The secondary outcome measure will be causespecific mortality (according to the main causes of death
grouped into the ICD categories of diagnoses).
Setting

There will be no restriction by study setting.
Search methods

The search strategies will be designed and carried out by
the research team, which will include a senior information specialist. A date restriction will not be imposed.
We will search the following electronic databases, from
inception, using the same search strategy with alterations as appropriate for each database: PubMed/MEDLINE, EMBASE, PsycINFO, SCOPUS, and ISI Web of
Science. Search terms will include key words, controlled
vocabulary and text words related to autism, attentiondeficit hyperactivity, mortality, and epidemiological studies.
Details of the draft search strategy for PubMed/MEDLINE
are provided in an additional file (see Additional file 2).
Additional studies will be identified from the reference list
of articles and relevant reviews or documents. We will also
attempt to identify additional studies by contacting
authors of included studies or reviews. There will be
no restriction by language of publication, and we will
arrange for translation where necessary.
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Screening and selection procedure

Two reviewers will screen all articles identified from the
search independently. First, titles and abstracts of articles
returned from initial searches will be screened based on
the eligibility criteria outlined above. Second, full texts will
be examined in detail and screened for eligibility. Third,
references of all considered articles will be hand searched
to identify any relevant study missed in the search strategy. Any disagreement between reviewers will be resolved
by discussion to meet a consensus. A flow chart showing
details of studies included and excluded at each stage of
the study selection process will be provided following the
PRISMA recommendations [22].
Data extraction

From each eligible report, two reviewers will extract
information independently on first author, year of publication, neurodevelopmental disorder (ADHD or ASD),
index subjects (patients, parents of patients, or siblings
of patients), the general characteristics of participants
(age, gender, ethnicity, social status, and comorbidities
such as intellectual disability, substance abuse, epilepsy,
and other medical or psychiatry conditions), epidemiological design (cohort or case-control, prospective, or
retrospective), the country of study, the follow-up
period, the setting (mixed, inpatient, outpatient, or community), the sample size, the outcomes assessed (including definitions and confounding factors that were taken
into consideration), the number of cases and controls (in
case-control studies) or the number of cases and population participants (in cohort studies), and/or the maximally adjusted effect measure (e.g., relative risk, hazard
ratio, or standardized mortality ratio) with 95% confidence
intervals. We will use pre-designed forms that will be
piloted initially on a small number of included studies.
We will also attempt to contact authors of primary publications and/or collaborators for missing outcome data or
unclear information in order to maximize available data.
Quality assessment

The methodological quality and bias of epidemiological
studies will be appraised using the Newcastle-Ottawa
Scale (NOS) for observational studies [26]. Using the
NOS tool, each study is judged on 8 items, categorized
into 3 groups: the selection of the study groups, the
comparability of the groups, and the ascertainment of
either the exposure or outcome of interest for case control or cohort studies, respectively. Stars are awarded for
each quality item, and the highest quality studies are
awarded up to 9 stars. We will consider studies with
0–3, 4–6, and 7–9 stars to represent low, moderate,
and high quality, respectively. The quality for each
observational study will be independently assessed by
two reviewers. Discrepant scores will be resolved by
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discussion and consensus. Findings from quality assessment will inform supplemental analyses (see “Data
synthesis” section below).
Data synthesis

We will calculate summary effect estimates comparing the
mortality in people with ADHD or ASD with the mortality
in the reference control group. Statistical combination of
data from two or more observational studies in a metaanalysis will be conducted and reported separately for
ADHD and ASD. We will estimate the summary effect
size and its 95% confidence interval using the inverse variance method based on the DerSimonian and Laird
random-effects model [27]. The random-effects model is
selected a priori to synthesize the epidemiological data, as
it considers both within-study and between-study variation by incorporating the heterogeneity of effects into the
overall analyses. If primary studies report results separately for men and women (or other subgroups), we will
combine the subgroup-specific estimates using a fixedeffects model to generate an estimate for both subgroups
combined so that each study was represented only once in
the analyses. Patient studies with mortality data will be included in the main meta-analyses and first-degree relative
studies separately in different (secondary) meta-analyses.
We will evaluate statistical heterogeneity by estimating the
variance between studies using the Cochran’s Q test [28]
and I2 statistic [29]. The Cochran’s Q test is obtained by
the weighted sum of the squared differences of the
observed effect in each study minus the fixed summary
effect. The I2 statistic is the ratio of variance between
studies over the sum of the variances within and between studies and ranges between 0 and 100% (with
values of 0–25% taken to indicate low heterogeneity
and 75–100% to indicate considerable heterogeneity).
We will also estimate the 95% prediction interval [30]
where appropriate, which further accounts for betweenstudy heterogeneity and evaluates the uncertainty for
the effect that would be expected in a new observational study addressing that same association. Small
study effects will be investigated by visual inspection of
funnel plots (where appropriate) and formally tested
using Egger’s [31] and Begg’s test [32], with the results
considered to indicate potential small study effects
when P < 0.10.
If sufficient studies are identified, we will present subgroup analyses to attempt to explain any potential
observed between-study heterogeneity. The potential
moderators (covariates) considered will be gender (male
or female), diagnostic criteria used (e.g., DSM or ICD
and their versions), age group at first diagnosis (children and adolescents [< 18 years old] versus adults [≥
18 years old]), ethnicity (e.g., white or non-white),
number of comorbidities (e.g., 0, 1, 2, or ≥3), medical
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or neuropsychiatric comorbidity (e.g., presence or absence
of a comorbid disorder with ASD or ADHD), index subjects (patients, parents of patients, or siblings of patients),
country or geographic region, cohort/sample size (< 500,
500–1000, or > 1000 participants), setting (mixed, inpatient, outpatient, or community/general population),
population-based (yes or no), follow-up period (0–1, > 1–
5, or > 5 years), year of publication as a proxy of changes
in clinical practice over time (before 2000 or in 2000 and
after), study quality (low or high-moderate quality), and
effect measure adjusted for potential confounders (age,
sex, or other). We will also explore the contributions from
natural and unnatural causes of death. Unnatural
deaths will be defined on the basis of ICD codes (ICD10: V01-Y98 or ICD-9: E800-999); the remaining deaths
will be classified as natural.
To further assess the consistency of evidence over
time, we will conduct cumulative meta-analyses in the
order of publication year [33, 34].
Finally, we will apply a set of criteria to conclude
whether the evidence may be considered convincing,
probable, limited-suggestive, limited-not conclusive, or
unlikely. For this, we will follow the Global Burden of
Disease Study approach for risk factors [35–37] which
is also being applied in ongoing evidence syntheses of
central nervous system disorders and cancer [38, 39].
“Convincing evidence” consists of biologically plausible
associations between exposure and outcome established
from multiple epidemiological studies in different populations. Evidentiary studies must be substantial, include
prospective observational studies and, where relevant,
epidemiological studies of sufficient size, duration, and
quality, and show consistent effects. A convincing relationship should be robust enough to be highly unlikely to
be modified in the foreseeable future as new evidence
accumulates. “Probable evidence” is similarly based on
epidemiological studies with consistent associations between exposure and outcome but shortcomings in the
evidence exist, such as insufficient trials or prospective
observational studies available. “Limited-suggestive evidence” represents too limited evidence to permit a
probable or convincing causal judgment, but where
there is evidence suggestive of a direction of effect.
“Limited-not conclusive evidence” consists of information that is so limited that no firm conclusion can be
made for a number of reasons (e.g., the evidence might
be limited by the amount of evidence in terms of the
number of studies available, by inconsistency of direction of effect, by poor quality of studies, or by any combination of these factors). “Substantial effect on risk
unlikely” consists of evidence strong enough to support
a judgment that a particular exposure is unlikely to
have a substantial causal relation to a cancer outcome.
The evidence should be robust enough to be unlikely to
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be modified in the foreseeable future as new evidence
accumulates [38, 39].
We will also use the Grading of Recommendations
Assessment, Development, and Evaluation (GRADE)
methodology for evaluating the quality of evidence [30–42]
as follows: high-quality evidence (further research is very
unlikely to change our confidence in the estimate of effect),
moderate-quality evidence (further research is likely to
have an important impact on our confidence in the estimate of effect and may change the estimate), low-quality
evidence (further research is very likely to have an important impact on our confidence in the estimate of effect and
is likely to change the estimate), or very low-quality evidence (very uncertain about the estimate of effect).

Software

All analyses will be conducted in Stata version 13 or
higher (StataCorp LP, College Station, Texas, USA), using
the metan (for fixed- and random-effects meta-analysis),
metacum (for cumulative meta-analysis), and metabias
and metafunnel (for small study effects analysis) [43].

Discussion
This protocol describes a systematic review and metaanalysis of observational studies evaluating the risk of
mortality among children, adolescents, and adults with
ASD or ADHD and their first-degree relatives. We are
not aware of another systematic review and metaanalysis addressing this specific issue.
This systematic review will summarize the methods
used and results of epidemiological studies and will establish the extent of the accumulated body of evidence
underlying the research question, in a rigorous and replicable way. A key challenge is that based on knowledge
from previous reviews in neurodevelopmental disorders,
we anticipate identifying studies using different study
designs, diverse durations, small sample sizes, and variable quality of reporting methods and results. Further,
the possibility of reporting bias (mainly, for unpublished
data on cause-specific mortality) could be a potential
limitation of this study.
Any amendments made to this protocol when conducting the review will be outlined and reported in
the final paper. This review will also identify gaps in
knowledge; thus, implications for future epidemiological research will be discussed in the final paper.
We anticipate that our findings will be of interest to
patients with ASD or ADHD, their families and caregivers, clinicians and other healthcare professionals,
scientists, and policy makers. No ethical approval will
be required for the performance of this systematic review
and meta-analysis.
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Additional files
Additional file 1: PRISMA-P checklist. (DOCX 24 kb)
Additional file 2: Key terms for PubMed/MEDLINE search. (DOCX 20 kb)
Abbreviations
ADHD: Attention deficit hyperactivity disorder; ASD: Autism spectrum
disorder; DSM: Diagnostic and Statistical Manual of Mental Disorders;
GRADE: Grading of Recommendations Assessment, Development, and
Evaluation; ICD: International Classification of Diseases; NOS: NewcastleOttawa Scale; PRISMA-P: Preferred Reporting Items for Systematic Reviews
and Meta-Analyses extension for Protocols
Acknowledgements
We would like to thank the peer reviewer(s) who offered us helpful
comments on the submitted paper for our review protocol.
Funding
FC-L and RT-S are funded by the Generalitat Valenciana (PROMETEOII/2015/
021) and CIBERSAM/Institute of Health Carlos III. BH is supported by a New
Investigator Award from the Canadian Institutes of Health Research and the
Drug Safety and Effectiveness Network. MJP is supported by an Australian
National Health and Medical Research Council Early Career Fellowship
(1088535). MR is partially funded by the Spanish Health Services Research on
Chronic Patients Network (REDISSEC)/Institute of Health Carlos III. None of
the funders were involved in the design of the protocol and decision to
submit the protocol for publication, nor will they be involved in any aspect
of the conduct of the review. The views expressed in this article are the
views of the authors and may not be understood or quoted as being made
on behalf of, or reflecting the position of, the funder(s) or any institution.
Availability of data and materials
Not applicable.
Authors’ contributions
The study protocol was conceived by FC-L, with critical input from BH, MJP,
MR, JAD, AA-A, DM-SG, JF-M, EV, AV, and RT-S. FC-L registered the protocol
with the PROSPERO database and wrote the first draft of the protocol. BH,
MJP, MR, and RT-S provided input into the design and edited the draft
protocol. All authors commented on the paper for important intellectual
content. FC-L accepts full responsibility for the finished paper and controlled
the decision to publish. FC-L is the guarantor. All authors read and approved
the final paper.
Authors’ information
FC-L is a PhD (Public Health) and MPH. BH is a PhD (Epidemiology and
Biostatistics) and MSc. MJP is a PhD (Epidemiology) and BBSc Hons
(Psychology). MR is a PhD (Medicine) and MSc (Economics). JAD is a MD
(Oncology and Geriatrics) and MPH. AA-A is a PhD (Information and
Documentation) and MA. DM-SG is a PhD (Pharmacology) and MPH. JF-M is
a PhD candidate and MSc. EV is a MD (Psychiatry) and PhD. AV is a PhD
(Molecular Biology) and MSc. RT-S is a MD (Psychiatry) and PhD.
Ethics approval and consent to participate
Not applicable.
Consent for publication
Not applicable.
Competing interests
MJP is an Associate Editor of Systematic Reviews, but he did not participate
in the editorial process of the article. The rest of the authors declare that
they have no competing interests.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.

Catalá-López et al. Systematic Reviews (2017) 6:189

Author details
1
Department of Medicine, University of Valencia/INCLIVA Health Research
Institute and CIBERSAM, Valencia, Spain. 2Fundación Instituto de
Investigación en Servicios de Salud, Valencia, Spain. 3Clinical Epidemiology
Program, Ottawa Hospital Research Institute, Ottawa, ON, Canada. 4School of
Epidemiology, Public Health and Preventative Medicine, University of Ottawa,
Ottawa, ON, Canada. 5School of Public Health and Preventive Medicine,
Monash University, Melbourne, VIC, Australia. 6Instituto Aragonés de Ciencias
de la Salud, Red de Investigación en Servicios de Salud en Enfermedades
Crónicas (REDISSEC), Zaragoza, Spain. 7Fundación para el Fomento de la
Investigación Sanitaria y Biomédica de la Comunitat Valenciana
(FISABIO-Salud Pública), Valencia, Spain. 8Geriatric Research Education and
Clinical Center, VA Boston Healthcare System, Boston, MA, USA. 9Division of
Aging, Department of Medicine, Brigham and Women’s Hospital, Harvard
Medical School, Boston, MA, USA. 10Department of History of Science and
Documentation, University of Valencia, Valencia, Spain. 11Unidad de
Información e Investigación Social y Sanitaria-UISYS, University of
Valencia-Spanish National Research Council (CSIC), Valencia, Spain. 12Division
of Pharmacoepidemiology and Pharmacovigilance, Spanish Medicines and
Healthcare Products Agency, Madrid, Spain. 13Department of Health Systems
and Services, Pan American Health Organization, Unit of Medicines and
Health Technologies, Washington, DC, USA. 14Hospital Clínic, Universitat de
Barcelona, Institut d’Investigacions Biomèdiques August Pi i Sunyer (IDIBAPS)
and CIBERSAM, Barcelona, Spain. 15Life Sciences Department, Barcelona
Supercomputing Center, Barcelona, Spain. 16Structural Biology and
Biocomputing Programme, Spanish National Cancer Research Centre (CNIO),
Madrid, Spain.
Received: 3 April 2017 Accepted: 5 September 2017

References
1. Thapar A, Cooper M, Rutter M. Neurodevelopmental disorders. Lancet
Psychiatry. 2017;4(4):339–46.
2. Lai MC, Lombardo MV, Baron-Cohen S. Autism. Lancet. 2014;383(9920):
896–910.
3. Thapar A, Cooper M. Attention deficit hyperactivity disorder. Lancet. 2016;
387(10024):1240–50.
4. Mefford HC, Batshaw ML, Hoffman EP. Genomics, intellectual disability, and
autism. N Engl J Med. 2012;366(8):733–43.
5. Lord C. Infant autism: parents’ role in ameliorating risk? Lancet Psychiatry.
2015;2(2):112–3.
6. Cox CR, Eaton S, Ekas NV, Van Enkevort EA. Death concerns and
psychological well-being in mothers of children with autism spectrum
disorder. Res Dev Disabil. 2015;45-46:229–38.
7. GBD 2015 DALYs and HALE Collaborators. Global, regional, and national
disability-adjusted life-years (DALYs) for 315 diseases and injuries and
healthy life expectancy (HALE), 1990–2015: a systematic analysis for the
global burden of disease study 2015. Lancet. 2016;388(10053):1603–58.
8. GBD 2015 Disease and Injury Incidence and Prevalence Collaborators.
Global, regional, and national incidence, prevalence, and years lived with
disability for 310 diseases and injuries, 1990–2015: a systematic analysis for
the global burden of disease study 2015. Lancet. 2016;388(10053):1545–602.
9. GBD 2015 Mortality and Causes of Death Collaborators. Global, regional, and
national life expectancy, all-cause mortality, and cause-specific mortality for
249 causes of death, 1980–2015: a systematic analysis for the global burden
of disease study 2015. Lancet. 2016;388(10053):1459–544.
10. Vigo D, Thornicroft G, Atun R. Estimating the true global burden of mental
illness. Lancet Psychiatry. 2016;3(2):171–8.
11. Charlson FJ, Baxter AJ, Dua T, Degenhardt L, Whiteford HA, Vos T. Excess
mortality from mental, neurological and substance use disorders in the global
burden of disease study 2010. Epidemiol Psychiatr Sci. 2015;24(2):121–40.
12. Hiroeh U, Appleby L, Mortensen PB, Dunn G. Death by homicide, suicide,
and other unnatural causes in people with mental illness: a populationbased study. Lancet. 2001;358:2110–2.
13. Hoang U, Stewart R, Goldacre MJ. Mortality after hospital discharge for
people with schizophrenia or bipolar disorder: retrospective study of linked
English hospital episode statistics, 1999-2006. BMJ. 2011;343:d5422.
14. Das-Munshi J, Chang CK, Dutta R, Morgan C, Nazroo J, Stewart R, et al.
Ethnicity and excess mortality in severe mental illness: a cohort study.
Lancet Psychiatry. 2017;4(5):389–99.

Page 6 of 7

15. Walker ER, McGee RE, Druss BG. Mortality in mental disorders and global
disease burden implications: a systematic review and meta-analysis. JAMA
Psychiatry. 2015;72(4):334–41.
16. Woolfenden S, Sarkozy V, Ridley G, Coory M, Williams K. A systematic review
of two outcomes in autism spectrum disorder—epilepsy and mortality.
Dev Med Child Neurol. 2012;54(4):306–12.
17. Schendel DE, Overgaard M, Christensen J, Hjort L, Jørgensen M, Vestergaard M,
et al. Association of psychiatric and neurologic comorbidity with mortality
among persons with autism spectrum disorder in a Danish population. JAMA
Pediatr. 2016;170(3):243–50.
18. Dalsgaard S, Østergaard SD, Leckman JF, Mortensen PB, Pedersen MG.
Mortality in children, adolescents, and adults with attention deficit
hyperactivity disorder: a nationwide cohort study. Lancet. 2015;
385(9983):2190–6.
19. Hirvikoski T, Mittendorfer-Rutz E, Boman M, Larsson H, Lichtenstein P, Bölte S.
Premature mortality in autism spectrum disorder. Br J Psychiatry. 2016;208(3):
232–8.
20. Fairthorne J, Hammond G, Bourke J, Jacoby P, Leonard H. Early mortality
and primary causes of death in mothers of children with intellectual
disability or autism spectrum disorder: a retrospective cohort study. PLoS
One. 2014;9(12):e113430.
21. Faraone SV. Attention deficit hyperactivity disorder and premature death.
Lancet. 2015;385(9983):2132–3.
22. Moher D, Liberati A, Tetzlaff J, Altman DG, PRISMA Group. Preferred
Reporting Items for Systematic Reviews and Meta-Analyses: the PRISMA
statement. PLoS Med. 2009;6(7):e1000097.
23. Stroup DF, Berlin JA, Morton SC, Olkin I, Williamson GD, Rennie D, et al.
Meta-analysis of observational studies in epidemiology: a proposal for
reporting. Meta-analysis Of Observational Studies in Epidemiology (MOOSE)
group. JAMA. 2000;283(15):2008–12.
24. Moher D, Shamseer L, Clarke M, Ghersi D, Liberati A, Petticrew M, et al.
Preferred reporting items for systematic review and meta-analysis protocols
(PRISMA-P) 2015 statement. Syst Rev. 2015;4:1.
25. Shamseer L, Moher D, Clarke M, Ghersi D, Liberati A, Petticrew M, et al.
Preferred reporting items for systematic review and meta-analysis protocols
(PRISMA-P) 2015: elaboration and explanation. BMJ. 2015;349:g7647.
26. Wells GA, Shea B, O’Connell D, Peterson J, Welch V, Losos M, et al. The
Newcastle-Ottawa Scale (NOS) for assessing the quality of nonrandomised
studies in meta-analyses; 2008. http://www.ohri.ca/programs/clinical_
epidemiology/oxford.asp. Accessed 22 Feb 2017.
27. DerSimonian R, Laird N. Meta-analysis in clinical trials. Control Clin Trials.
1986;7:177–88.
28. Cochran WG. The combination of estimates from different experiments.
Biometrics. 1954;10:101–29.
29. Higgins JP, Thompson SG, Deeks JJ, Altman DG. Measuring inconsistency in
meta analyses. BMJ. 2003;327:557–60.
30. Riley RD, Higgins JP, Deeks JJ. Interpretation of random effects metaanalyses. BMJ. 2011;342:d549.
31. Egger M, Davey Smith G, Schneider M, Minder C. Bias in meta-analysis
detected by a simple, graphical test. BMJ. 1997;315:629–34.
32. Begg CB, Mazumdar M. Operating characteristics of a rank correlation test
for publication bias. Biometrics. 1994;50:1088–101.
33. Lau J, Antman EM, Jimenez-Silva J, Kupelnick B, Mosteller F, Chalmers TC.
Cumulative meta-analysis of therapeutic trials for myocardial infarction. N
Engl J Med. 1992;327:248–54.
34. Ioannidis J, Lau J. Evolution of treatment effects over time: empirical insight from
recursive cumulative metaanalyses. Proc Natl Acad Sci U S A. 2001;98:831–6.
35. GBD 2013 Risk Factors Collaborators, Forouzanfar MH, Alexander L,
Anderson HR, Bachman VF, Biryukov S, et al. Global, regional, and national
comparative risk assessment of 79 behavioural, environmental and
occupational, and metabolic risks or clusters of risks in 188 countries,
1990-2013: a systematic analysis for the global burden of disease study 2013.
Lancet. 2015;386:2287–323.
36. GBD 2015 Risk Factors Collaborators. Global, regional, and national
comparative risk assessment of 79 behavioural, environmental and
occupational, and metabolic risks or clusters of risks, 1990-2015: a
systematic analysis for the global burden of disease study 2015. Lancet.
2016;388(10053):1659–724.
37. World Cancer Research Fund / American Institute for Cancer Research.
Food, nutrition, physical activity, and the prevention of cancer: a global
perspective. Washington DC: American Institute for Cancer Research; 2007.

Catalá-López et al. Systematic Reviews (2017) 6:189

Page 7 of 7

38. Catalá-López F, Hutton B, Driver JA, Page MJ, Ridao M, Valderas JM, et al.
Cancer and central nervous system disorders: protocol for an umbrella
review of systematic reviews and updated meta-analyses of observational
studies. Syst Rev. 2017;6(1):69.
39. Catalá-López F, Hutton B, Driver JA, Ridao M, Valderas JM, GènovaMaleras R, et al. Anorexia nervosa and cancer: a protocol for a
systematic review and meta-analysis of observational studies. Syst Rev.
2017;6(1):137.
40. Guyatt GH, Oxman AD, Vist GE, Kunz R, Falck-Ytter Y, Alonso-Coello P, et al.
GRADE working group: GRADE: an emerging consensus on rating quality of
evidence and strength of recommendations. BMJ. 2008;336:924–6.
41. Mustafa RA, Santesso N, Brozek J, Akl EA, Walter SD, Norman G, et al. The
GRADE approach is reproducible in assessing the quality of evidence of
quantitative evidence syntheses. J Clin Epidemiol. 2013;66(7):736–42.
42. Guyatt GH, Oxman AD, Vist G, Kunz R, Brozek J, Alonso-Coello P, et al.
GRADE guidelines: 4. Rating the quality of evidence—study limitations (risk
of bias). J Clin Epidemiol. 2011;64(4):407–15.
43. Palmer TM, Sterne JAC, Newton HJ, Cox NJ, editors. Meta-analysis in
Stata: an updated collection from the Stata journal. Second ed. Texas:
StataCorp LP; 2016.

Submit your next manuscript to BioMed Central
and we will help you at every step:
• We accept pre-submission inquiries
• Our selector tool helps you to find the most relevant journal
• We provide round the clock customer support
• Convenient online submission
• Thorough peer review
• Inclusion in PubMed and all major indexing services
• Maximum visibility for your research
Submit your manuscript at
www.biomedcentral.com/submit

