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Abstract

Introduction
Siblings of children with neurodevelopmental conditions have unique experiences and challenges
related to their sibling role. Some develop mental health concerns as measured by self-reported
surveys or parent report. Few data are available at the population level, owing to difficulties capturing
wide-scale health data for siblings. Data linkage is a technique that can facilitate such research.

Objective
To explore the application of population data linkage as a research method to capture health
outcomes of siblings of children with neurodevelopmental conditions.

Inclusion criteria
Peer reviewed papers that captured health outcomes for siblings of children and young adults with
neurodevelopmental conditions using population data linkage.

Methods
JBI Scoping review methods were followed. Papers were searched within CINAHL, Ovid, Scopus, and
Web of Science from 2000 to 2024 using search terms relating to ‘data linkage’ ‘neurodevelopmental
conditions’ ‘siblings’ and ‘health outcomes’.

Results
The final data extraction included 31 papers. The neurodevelopmental conditions of index children
were autism, attention deficit hyperactivity disorder, intellectual disability, cerebral palsy and
developmental delay. The mean follow-up time was 31 years, and the majority of studies originated
from Scandinavia. Sibling health outcomes observed were psychiatric diagnoses, self-harm and
suicide, other neurodevelopmental conditions, and medical conditions such as atopic disease, cancer
and obesity.

Conclusion
Data linkage can help capture sibling health outcomes quickly across large cohorts with a range
of neurodevelopmental conditions. Future research could be enhanced by focusing on siblings as
the primary group of interest, increased integration of genealogical data, and comparisons between
diagnostic groups and severity levels. Adoption of established rigorous reporting methods will increase
the replicability of this type of research, and provide a stronger evidence-base from which to inform
sibling supports.
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Introduction

Neurodevelopmental conditions (including intellectual disability,
autism, cerebral palsy, attention deficit hyperactivity disorder,
and some genetic syndromes) are usually diagnosed in
childhood, and are associated with varying levels of support
needs [1–3]. Siblings of children with these conditions can
provide important companionship and care, sometimes having
informal carer roles as children and more formal care roles
as adults [4–7]. Siblings are often described as having
positive character traits, and develop rich relationships as
a result of growing up alongside someone with a disability
[8, 9], yet some may also be at risk of poorer health
outcomes compared to their peers, which may be the result
of shared genetics, environmental factors, family factors, or
a combination of these [10–12]. Neurocognitive difficulties,
psychiatric diagnoses, and self-harm have been observed in
some siblings during childhood and young adulthood [13–17].

Health outcomes for siblings are often reported at the
individual level, using interviews [18–20] or surveys [21,
22], and are sometimes subject to convenience sampling of
available siblings or families of children who have specific
neurodevelopmental conditions [23, 24]. The evidence base
around the health outcomes of siblings at a population
level is relatively sparse. Compared to surveys and clinical
samples, population-based data can help obtain adequate
sibling sample sizes and representation for minority groups
and rare conditions [25–31]. Population data also allow the
selection of comparison groups from the same time period and
data collection parameters, which strengthens the context and
interpretation of the findings. Further, it can also reduce the
need for follow-up if enough data are available. Existing data
minimises recall bias, attrition, or limitations on resources to
engage participants, that can occur when collecting data from
individuals directly [32].

Population data relating to individuals with neurodevelop-
mental conditions are usually collected and maintained in
specific administrative databases [33–36], or in disability-
specific population databases [26, 37–40], and these rarely
include data on other family members. Using data linkage
methodologies, disability data can be connected to health and
other datasets, including genealogical connections, to follow
individuals or families across wide-ranging domains. Linkage
allows for large-scale analyses to occur for specific sibling
health outcomes and wellbeing trajectories, and provides a
unique evidence-base from linking together information that
would otherwise remain siloed or fragmented [32, 41–43].
The use of high quality linkage methods and databases can
minimise linkage error bias that can occur when linking
population data [44].

The benefits of applying data linkage to independent data
sources for sibling research are significant [45, 46]. Linkage
can update or extend existing data repositories and can
rapidly merge relevant information for faster interpretation
and response, especially important for mental health concerns.
Life course experiences of siblings can be tracked [47] across
a wide variety of contacts with health (e.g. hospital visits,
medication prescriptions, mental health contacts) or other
registries (e.g. education, census data, crime) until the end
of the follow up period, or death [28, 41]. Data linkage can
be used to improve visibility of siblings of individuals with

rarer neurodevelopmental conditions for whom understanding
health patterns and circumstances may require data extensions
beyond a single administrative system. The data linkage
process itself is able to preserve confidentiality [48] and reduces
the need to approach individuals to collect information that
may already exist, or be difficult to collect.

The objective of this scoping review was to explore the
application of population data linkage as a research method
to capture health outcomes of siblings of children and young
adults with neurodevelopmental conditions, and ways data
linkage can enhance knowledge in this field. This review
describes the population characteristics and methodology of
studies meeting the eligibility criteria, the neurodevelopmental
conditions of index children, sibling health outcomes reported,
and the infrastructure used.

Before commencement, scoping review databases (Open
Science Framework, Figshare, JBI Evidence Synthesis, and
BMJ Open) were searched for similar registered reviews, but
no protocols involving the key terms for this review were
identified.

Review questions

What are the characteristics of population data linkage studies
that capture health outcomes of siblings of children and young
adults with neurodevelopmental conditions?

How has population data linkage been used in these studies
to capture health outcomes that originate in childhood or
young adulthood, what are the capabilities of data linkage
to explore wide scale health outcomes for siblings, and what
could be enhanced to improve future sibling research involving
linked data?

Inclusion criteria

Studies using population data linkage (administrative data,
registry data, and research databases) in a defined
geographical area (a country, state or territory, or region
bounded by government or administration) to capture health
outcomes (physical and/or mental health) of siblings of
children and young adults with neurodevelopmental conditions
were considered. All study designs were included e.g.
quantitative, population based, longitudinal or cohort studies,
if they met the inclusion criteria.

Studies were included if both index children with
neurodevelopmental conditions and their siblings were children
or young adults, defined as being aged up to 25 years [49].
Siblings did not need to be the primary group of interest as
long as sibling data (full or half siblings) were presented. In
studies where sibling ages were not stated or were combined
with cases/controls, the estimated mean age for index children
could not exceed 25 years. Twin studies were included if
twins were identifiable in subgroups, and if other singleton
sibling data were available. Where possible, comparators
comprising of siblings of children and young adults without
neurodevelopmental conditions were included.

The neurodevelopmental conditions of index children must
have been diagnosed clinically and/or recorded as an entry
in either a population administrative dataset(s), diagnosis
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specific registry or project database using standardised
classification systems (e.g. Diagnostic and Statistical Manual
of Mental Disorders (DSM) [50], International Classification of
Diseases (ICD) [51]). For example, identification of a diagnosis
of intellectual disability using DSM in a disability specific
registry, a record of autism using an ICD code in registry-
based patient records, or identification of attention deficit
hyperactivity disorder using a medication code in a prescribed
drug registry.

Sibling health outcomes captured must have been
presented as clinical diagnoses and recorded as a standardised
entry in a relevant database. For example, identification of a
diagnosis of obesity using a record of ICD code in registry-
based hospital records, or a record of death using a cause of
death code in a mortality registry. No inclusion criteria were
applied to social, cultural and gender constructs.

Methods

This scoping review followed the JBI methodology for scoping
reviews [52], and a JBI checklist was completed as an
assessment of conformity [53]. A protocol was published a
priori in Open Science Framework [54] which outlined the
objectives, inclusion criteria, and methods planned [55].

Search strategy

The search strategy was developed in consultation with a
subject specialist librarian. The following databases were
searched: CINAHL, Ovid (MEDLINE, Embase, PsycINFO),
Scopus, and Web of Science. All search terms belonged
to one of four categories: data linkage, neurodevelopmental
conditions, siblings, and health outcomes (Supplementary
Material 1). Papers were excluded if they were: published
before the year 2000; without abstracts/full text; from non-
peer reviewed sources; or in grey literature (e.g. theses).
The search was performed for papers published between 1st

January 2000 and 1st October 2024. The search returned 9,753
matches.

Source of evidence screening and selection

Records were imported into Endnote and duplicates were
deleted (n= 4,098). The SR-Accelerator (SRA) suite of
automated tools [56] was used to facilitate the screening
and selection process. The Screenatron function was used to
screen all records at the title/abstract level and the full-text
level. The Disputatron function was used to identify areas of
inconsistencies between reviewers.

Step 1 (Title/abstract level): Titles and abstracts for all
included records (n= 5,655) were independently screened by
two reviewers (CG and EG) using Screenatron. Records were
then marked as ‘include’ or ‘exclude’ by each reviewer. In
cases where the reviewers were unsure, records were marked
‘include’. The lists of both reviewers were then imported into
Disputatron to identify reviewer inconsistencies. In cases where
the reviewers disagreed, records were marked ‘include’ for
screening at the next level. Full-texts for all included records
were obtained through databases, online, or requests from
other institutions/authors.

Step 2 (Full-text level): Eligible full-text papers (n= 285)
were independently screened by CG and EG using Screenatron
and Disputatron (as per Step 1). In cases where the reviewers
disagreed, papers were discussed, and in all cases, agreement
was met.

Step 3 (References level): Reference lists of all included
papers (n= 31) were manually screened by CG for additional
papers not identified in the initial search. Additionally, the
linked data reference library of the Population Health Research
Network (PHRN) [57] was manually screened by CG. There
were no additional papers identified at this level.

Papers were excluded when: data relating to siblings were
not captured; there were no identifiable neurodevelopmental
conditions among index children; non-standardised measures
were used instead of diagnostic standardised classification
systems (e.g. self/parent-report, survey responses and scales);
the neurodevelopmental conditions among index children (e.g.
autism) were the same as the sibling outcome observed
(i.e. autism), such as recurrence risk studies; there were no
linkages to other external data; the direction of the study
design was retrospective, e.g. a sibling outcome such as
obesity was identified first, then followed back to investigate
the neurodevelopmental condition status of index children
(e.g. autism); they were other reviews (systematic, scoping,
literature etc.).

Data extraction

Data on methodology and results were extracted from papers
by one reviewer (CG), using a customised form created
by two reviewers (CG & EG) (Supplementary Material
2), and over a quarter were cross checked by a second
reviewer (EG). The form was updated as the extraction was
performed. Extracted data fields included information about
each paper’s aim in relation to the sibling data captured,
type of neurodevelopmental condition of index children, sibling
health outcomes captured, age range, population source,
databases used, sample size and follow-up times.

Analysis and presentation of results

This scoping review identified, mapped, and summarised
publicly available sources of population data linkage research
capturing sibling health outcomes of children and young
adults with neurodevelopmental conditions. The findings are
presented in an extraction table and supported by a descriptive
summary of the findings that emerged iteratively through the
extraction process.

Results

The identification and inclusion of papers were made according
to the guidelines of Preferred Reporting Items for Systematic
reviews and Meta-Analyses extension for Scoping reviews
(PRISMA-Scr) [53] (Figure 1). A total of 31 papers met the
criteria for inclusion.

CINAHL, Ovid (MEDLINE, Embase, PsycINFO), Scopus,
and Web of Science were the final search sources of evidence
for papers that captured sibling health outcomes of children
and young adults with neurodevelopmental conditions using
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Figure 1: PRISMA-Scr flow diagram [58]

data linkage methods. Papers were published in a variety of
journals, most of which related to the neurodevelopmental
condition of index children or sibling health outcome observed
(e.g. papers capturing data on psychiatric disorders were
published in psychiatric journals). Some journals had a
broader focus (e.g. paediatrics, open medical journals), and
a few journals related to population-based methodology
(e.g. epidemiology, population health) [59, 60]. A summary
of paper characteristics of the final sources of evidence
are reported in the Summary table (Table 1). The full
results of this scoping review are reported in the Data
extraction table (Supplementary Material 3). The following
findings are presented as a descriptive summary of the paper
characteristics, methodologies, neurodevelopmental condition
of index children, and sibling health outcomes presented.

Print publication dates of included papers ranged from
2013 to 2024, most of these since 2019 (Table 1). Many papers
referenced familial or first-degree relatives in the title and
included siblings within this broad category (Table 1) [61–64].
Around one third of papers referenced siblings in the title of the
paper [65–67], and in most of these, siblings were the primary

interest group. The remainder of papers had no reference to
siblings or family in the title [68–70]; however, sibling data
were included in the abstract and body of the papers.

The majority of papers related to studies from Norden
countries. The total papers were represented by the following
countries in order of Sweden, Taiwan, Finland, Norway,
Denmark, and Canada (Table 1). Thirty-nine unique datasets
were used for data linkage across all included studies, of
which 20 were databases used in the 20 Swedish studies
(Supplementary Material 3). On average, each paper reported
on data from five linked datasets, up to 11 in some instances.
The most commonly reported datasets were those relating
to births, family connections, hospital, medication, health
insurance, and deaths.

Half of the included papers reported a whole population
study design, and the remainder a matched case-control study
design (ratios ranged from 1:4 to 1:50 matched controls)
(Table 1). Sibling cohort size for whole population studies
ranged from 3,410 to 4,289,186, with a mean of 1,270,764
individuals (Table 1). As expected, sibling population sizes
were smaller among matched control designs, ranging from
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Table 1: Summary table

Paper characteristics n= 31 %

Geographic location
Sweden 20 64
Taiwan 6 19
Finland 2 7
Norway 1 3

Denmark 1 3
Canada 1 3

Publication year
>2020 11 35

2017-2020 13 42
2013-2016 7 22

Neurodevelopmental condition of focus
Autism 16 52

Attention deficit hyperactivity disorder 10 32
Intellectual disability 3 10

Cerebral palsy 1 3
Developmental delay 1 3

Sibling outcome
Psychiatric/mental health 17 55

Neurodevelopmental 5 16
Physical health 9 29

Birth year (earliest)
>1989 2 6

1980-1989 10 32
1970-1979 9 29
1960-1969 2 6
<1960 1 3
Missing 7 22

Age range (years)
>39 1 3
30-39 6 19
20-29 6 19
10-19 4 13
<10 3 10

Missing 11 35

Follow up time (years)
>30 12 39
20-30 3 10
<20 6 19

Missing 10 32

Number of registries
>7 5 16
5–7 12 39
<5 14 45

Study design
Whole 16 52

Matched 15 48
1:50 3 20
1:10 3 20
1:5 2 13
1:4 7 47

Sibling population size

>999,000 4 13
100,000-999,000 5 16

Continued
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Table 1: Continued

Paper characteristics n= 31 %

<100,000 15 48
Missing 7 23

Title references to siblings
Siblings 11 35
Family 12 39
Neither 8 26

Sibling characteristics
Birth order 6 19
Sibling size 5 16

Both 2 6
Missing 18 58

Sibling focus
Primary group of interest 9 29

Comparison group 22 71

1,304 to 665,994, with a mean of 82,793 individuals. One
third of included papers reported on paternal and maternal half
siblings, in addition to full siblings. Almost half of all papers
reported sibling characteristics such as birth order and/or
sibling size.

Across all papers, duration of follow-up ranged from 15 to
77 years with a mean of 31 years, and sibling ages ranged from
0 to 44 years (Table 1). Cohort birth years ranged from 1932
to 2013, with around one-third of studies having birth years
beginning between 1980 to 1989.

Siblings were the primary group of interest in almost one
third of papers, while the remaining two-thirds of papers
included sibling data for comparison to the index cases and/or
controls (Table 1). Each paper’s aim has been provided
in relation to the sibling data captured within the paper
(Supplementary Material 3).

The neurodevelopmental conditions of index children
included autism, attention deficit hyperactivity disorder,
intellectual disability, cerebral palsy, and developmental delay
(Table 1). Most studies on autism included subgrouping for the
presence of intellectual disability [71], and over half captured
sibling outcomes for these subgroups [72, 73]. Two studies on
intellectual disability included subgrouping by severity levels,
and one of these reported sibling outcomes for the subgroups
(Supplementary Material 3) [74].

Sibling health outcomes captured were wide ranging,
from broad outcome categories to specific conditions
(Supplementary Material 3) [64, 75–79]. The most common
were psychiatric or mental health conditions, followed by
physical health conditions, and neurodevelopmental conditions
(Table 1).

Discussion

Findings from this review demonstrate the utility of population
data linkage to capture health outcomes of siblings of children
and young adults with neurodevelopmental conditions,
including when siblings are not the primary focus. The sibling
data captured in the reviewed papers, and the final number of

included papers, was shaped by the data linkage capabilities
in the area where the research was being conducted, and
therefore narrowed the findings accordingly. Despite this, the
search was able to generate an informative understanding
of the application of data linkage as a method to deliver
population perspective in this field. The included papers
demonstrated a wide scope in target populations and sample
sizes, a range of diagnostic observations, and availability
of sibling data spanning decades of data collection. These
qualities have significant benefits for sibling research by
facilitating the exploration of sibling wellbeing in adequate
samples across disability types, developmental ages and a
broad range of outcomes, allowing representation of siblings
in a variety of contexts.

Recent increases in the number of eligible papers indicates
a general growth in sibling-based research. The countries
represented in this scoping review reflects the availability
of population data infrastructure and capabilities in those
regions, the linkages that readily occur between datasets,
and locations where genealogical connections may be more
available [80–84]. Sweden, for example, has established two
population registers, the population register (maintained by
the Swedish National tax agency), and the Total Population
Register (TPR) (maintained by the government agency
Statistics Sweden). Both registers contain large amounts of
health and other data, and family links, and updates are
transmitted daily [81]. Whereas, in Taiwan, a data repository
site, the Health and Welfare Data Science Center (HWDC),
was established to centralise the National Health Insurance
Research Database (NHIRD) and around 70 other health
databases, to streamline research data management [82]. The
power of data aggregation from both types of infrastructure
is significant, and combined with the availability of family
linkages resulted in the inclusion of many papers into this
review. The absence of papers from other geographical areas
with established data infrastructure and linkage capabilities
[85, 86] reflect capability or methodological differences that
prevented their inclusion in the current review, and highlights
avenues for future research in this field to be explored.
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The types of registries used in the included studies varied,
depending on the diagnostic groups of index children, sibling
health outcomes observed, and the availability and suitability
of data sources [87]. Many studies used government registries
e.g. birth registers, which support broad population data
collection and increase the feasibility to conduct linkage
to other datasets. The use of longitudinal government-
maintained statutory databases assumes a consistency and
quality of data and data linkage methods, providing
confidence to the findings of studies that use these resources.
Studies typically linked multiple registries, demonstrating the
versatility and broad application of data linkage methods for
sibling research, where data may need to be captured across
different domains. This allows considerable power and breadth
in the types of analyses that can be made at the population
level, and demonstrates the benefits of combining data from
sources that would otherwise remain independent [88, 89].

The majority of studies used ICD codes extracted from
government-based records (e.g. hospital, prescription, or
mortality databases) to identify diagnostic groups and/or
outcomes [81, 82], enhancing consistency and replication of
the studies. However, validation issues surrounding adequate
identification of neurodevelopmental conditions such as
intellectual disability in these databases have been raised
and should be acknowledged [90]. Other studies used DSM
classification systems to identify diagnostic groups and/or
outcomes, which may be partial to similar limitations. In
addition, diagnostic trends and the ability to co-diagnose some
neurodevelopmental conditions (e.g. autism and attention
deficit hyperactivity disorder [91]) have evolved over time,
and comparability across a long time period may be limited.
Knowledge has also increased of the presentation of some
conditions, such as attention deficit hyperactivity disorder in
individuals with a learning or intellectual disability [92], or
autism in females [93], which may also impact on comparisons
across different studies or time cohorts. It also warrants
caution in using coded data for inferring genetic risk. In
this review, studies often used non-government registries (i.e.
Stockholm youth cohort, psychiatric registers), which typically
housed data dedicated to specific conditions, not purely
for administrative purposes [94]. Such registries can provide
unique data and perspective, greater diagnostic accuracy,
inclusion of rarer conditions, and finer details such as severity
level, which are vital to assessing sibling outcomes [14, 95].
However, for condition-specific registries, availability of family
links may not be possible or sustainable due to the resources
required to build and maintain them. Resources devoted
to developing these data sources, and enhancing linkage
capabilities between government-based datasets and disability
specific/non-government datasets would help improve the
availability of data capture in the future.

The lengthy follow-up times of the included studies
highlight a significant benefit of using linked data for
sibling research, enabling longitudinal data analyses, spanning
different developmental and life stages within a relatively short
analytical timeframe. In contrast, establishing a prospective
study to collect equivalent data would require sustained data
collection and resources over the entire follow up period. It
is vital to consider life-course approaches to sibling mental
health, as many siblings adopt formal carer roles later in life,
and experience challenges as adults [96], but for some, mental

health concerns are already observed in childhood [21]. Data
linkage allows the analysis of health and wellbeing indicators
from birth to understand trajectories of development and
change, covering boundaries of childhood, where siblings live
with their families, to early adulthood where independence is
reached, and formal caregiving may occur within the enduring
sibling relationship. Data linkage allows bridging of childhood
and young adulthood data with health outcomes observed later
in adulthood to support a lifespan approach to monitoring and
improving sibling wellbeing.

The length of exposure, based on the youngest age at
which outcome conditions were diagnosed in siblings, can be
used to determine at what ages sibling supports are most
needed [25, 45, 83]. Some studies in this review used a narrow
age range, e.g. nine calendar years, and reported specific
sibling outcomes for that age period [97, 98], showcasing
more precise capabilities of data linkage methods. However,
the majority of studies grouped sibling data, regardless of age
and length of follow up, sometimes spanning 77 years [75],
thereby limiting the interpretation by sibling age due to the
lengthy time periods of mixed-age data aggregation. The use
of linked longitudinal population data to advocate for sibling
supports at more specific life stages is an important capability,
and is a recommended focus in future work.

Reliable integration of genealogical data can be difficult
to incorporate at scale using other non-linkage-based study
designs. The papers in this review all used population-
based genealogy to establish sibling relationships (full siblings,
maternal/paternal half siblings etc.), of up to 4.3 million
individuals in the largest sample [42]. Sibling characteristics
such as sibling size, spacing and birth order are considered
important risk or protective factors for various health outcomes
[99, 100] and reporting of these characteristics is readily
facilitated by linked population data. In this review, some
papers included frequencies of sibling characteristics as
demographic content [67, 68, 76, 101–103], while others
included sibling characteristics as covariates to control for
confounding effects [104], often combined with other socio-
economic variables, thus limiting the context of the findings
for siblings. In papers that reported these characteristics more
comprehensively, additional benefits of population data for
sibling outcomes were demonstrated [60, 79]. For example,
presenting outcome rates based on the sex of the sibling,
sibling size, and age distance to the index child [60], and using
birth order to define sibling dyads and degree of risk [79].
Incorporating and reporting detailed sibling characteristics
allows a greater understanding of how sibling relationships
and family environments shape their outcomes across multiple
domains.

Siblings can have unique life experiences, often shaped
by the type and severity of neurodevelopmental conditions
among children in the family [9]. Study designs that allow for
comparisons to be made between condition types and severity
levels can provide greater accuracy about sibling experiences
and outcomes. Data linkage methodologies can facilitate this
design, particularly for rare or lower prevalence conditions,
and the ability to link to registries containing finer diagnostic
detail. All papers in this review focused on index children
with the same neurodevelopmental condition, thus limiting
the ability to compare outcomes between different diagnostic
groups in the one study design. One paper that focused
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on intellectual disability, reported outcomes for different
intellectual disability severity levels, allowing enhanced sibling
data to be captured, for example, showing stronger sibling
risk of attention deficit hyperactivity disorder for mild and
moderate intellectual disability than for severe intellectual
disability [74]. Most papers did not report results by level
of intellectual disability, citing potential overlapping genetic
risk for neurodevelopmental conditions [105, 106] or the lower
prevalence levels in intellectual disability subgroups [94], it may
also be due to inadequate identification of intellectual disability
in the databases used [90]. Studies including index children
with autism, often subgrouped by the presence or absence
of intellectual disability, reflecting the recognised independent
effects of both autism and intellectual disability on outcomes
[102, 107–109]. Studies where sibling data can be captured
for different severity levels allow interpretation of the impact
these differences may have on sibling health outcomes, and
consequentially, understanding how to best support siblings
according to their family circumstances.

The neurodevelopmental conditions of index children and
sibling outcomes among studies included in this scoping
review reflected population prevalence and publication trends,
whereby neurodevelopmental conditions such as autism, and
sibling health outcomes such as mental health conditions were
collectively the most commonly explored [25, 45]. All studies
captured sibling data showing some degree of increased risk
or higher prevalence of the assessed outcomes among siblings
of children and young adults with, compared to those without
neurodevelopmental conditions [110]. The poorer outcomes
observed for siblings at the population level supports the use
of data linkage as a research tool to explore and report health
disparities across a diverse range of outcomes. Most studies
concluded the shared causal or risk factors prompt the need for
further studies [67, 111] to assess genetic and environmental
associations in the same study design. Some extended this to
recommend preventive and clinical interventions be explored,
and early identification and assessment for siblings [65, 66,
79, 103, 107, 112, 113]. These recommendations indicate
a real need to increase the focus on sibling data across
psychosocial, educational, financial, environmental and other
domains.

Limitations for sibling research

It was not an objective of this scoping review to evaluate the
findings of the included papers, or to report on data linkage
quality [114]. It is acknowledged that poor data quality and
linkage error are potential limitations when linking data and
may lead to biased results [46]. However, all studies included
in this review utilised highly resourced databases and data
linkage methods widely considered to be of high standard
[81, 82, 115–118]. Despite this we can acknowledge some
gaps and inconsistencies present in the reporting of data and
methodology in its application to the field of sibling research.

One third of included papers did not contain sufficient
detail to describe population characteristics and methodology
across studies. This included data relating to population sizes,
sibling selection, follow up periods, ages and birth years, age
at sibling health outcome, and timeframes of data collection
from the various registries. Most papers were published in
health discipline journals rather than epidemiological journals

that may help to explain some of the inconsistencies and
omissions in methodological reporting across the included
papers. Improving the reporting of data presentation would
allow replication and extension of methodologies in the future,
increase validity, and extend the implication of findings,
leading to more relevant recommendations for sibling advocacy
and supports [84].

In the majority of papers, sibling data were included as a
comparison to the index cases and/or controls [119] rather
than the primary group of interest. For example, children
and young adults with neurodevelopmental conditions were
compared with those without these conditions, and with their
siblings. Sibling data captured from these comparisons allows
general observations on health outcomes, and can help account
for unmeasured genetic or shared environmental confounding.
However, studies adopting a sibling-focused design can allow
assessments of causal inference, and enable perspectives on
undiagnosed traits, shared characteristics or diversity that
may be present among other family members, improving the
context applied to the data and the interpretation of sibling
outcomes.

Future sibling research

With the increases in attention given to sibling research
over time, and the readiness of data linkage to focus on
specific population subgroups, it is expected that increasingly
more data linkage studies will capture enhanced sibling data
in the future, improving the depth and context of sibling
research. In areas where population-based sibling data are
available, an obligation exists to broaden the analysis of
diagnostic groups and enhance study designs so that siblings
are better represented across the full spectrum of disability.
A coordinated approach internationally is also possible, to
encourage replicability of study design and expansion to similar
variables in different locations, increasing validity of findings,
and considering rare diagnoses.

Conclusions

This scoping review demonstrated the application of data
linkage as an effective method to capture data for siblings of
children and young adults with neurodevelopmental conditions
at a population level. While a narrow inclusion of geographical
areas was represented, increasing data capabilities and more
vigilant reporting in the future will help improve the amount
and visibility of research conducted with ongoing benefits for
addressing the wellbeing of siblings.
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Supplementary Material 1: Scoping review search terms

Search terms used in the databases Ovid (PsycINFO MEDLINE EMBASE); CINAHL Plus (EBSCOhost); SCOPUS (Elsevier);
Web of Science (Clarivate) to identify relevant papers

1 Data linkage terms
linked data OR linkage OR medical record* OR administrative data OR routinely collected OR database* OR data base OR data
set OR dataset* OR data-set OR data collection* OR register* OR registr* OR statutory OR population data* OR population
based OR population-based OR population level OR population-level OR population sample OR national regist* OR nation-wide
OR nationwide OR national survey* OR birth cohort* OR prospective cohort

2 Neurodevelopmental conditions terms
neurodevelopment* OR developmental disabilit* OR development* disorder OR development* delay OR intellectual disabilit*
OR intellectually disabled OR mental retard* OR mentally retard* OR mental handicap* OR mentally handicapped OR mental
disabilit* OR mentally disabled OR learning disorder* OR learning disabilit* OR autis* OR ASD OR Asperger* OR cerebral
palsy OR Down* syndrome OR trisomy 21 OR CDKL5 OR Rett syndrome OR Williams syndrome OR Angelman syndrome
OR Prader-Willi syndrome OR Cornelia de Lange syndrome OR Phelan#McDermid syndrome OR velocardiofacial syndrome OR
22q13* OR DiGeorge syndrome OR Fragile X OR f#etal alcohol spectrum disorder OR FASD OR attention deficit OR ADHD

3 Sibling terms
sibling* OR brother* OR sister* OR twin* OR family member* OR first-degree OR familial coaggregation OR kin

4 Health outcomes terms
morbidit* OR hospital* OR emergency OR accident* OR ambulance OR admission* OR diagnos* OR DSM* OR ICD* OR health
OR risk of OR cancer* OR disease* OR disorder* OR condition* OR chronic illness* OR mortality OR death* OR suicid* OR
self harm OR self-harm OR psychiatr* OR psychological OR mental illness* OR anxi* OR depress* OR PTSD OR oppositional
OR ODD OR obsessive* OR OCD OR schizophren* OR bipolar OR anorex* OR bulimi*

Running searches 1,2,3 & 4; .ab,ti. (abstract and title search); limiting to years 2000-current (October 2024), peer reviewed.

Supplementary Material 2: Data extraction template

Evidence source characteristics
Authorship
Publication year
Geographic location
Paper aim/focus in relation to siblings

Results extracted from source of evidence
Neurodevelopmental condition of index children
Sibling outcome
Birth year
Age groups
Follow up time
Number and type of registries used
Simplified datasets
Study design
Population size
Paper findings in relation to siblings
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Registries: Sweden: Medical Birth Register (MBR); Total
Population Register (TPR); Cause of Death Register (CDR);
Multi Generation Register (MGR); National Patient Register
(NPR); Cancer register; Prescribed Drug Register (PDR);
Clinical database for child and adolescent psychiatry;
Habilitation register (HAB); Outpatient care register; National
Crime Register (NCR); Suspicion register; Mortality register;
Register of education; Census (population and housing
census); Register-based labor market statistics (RAMS);
Longitudinal integration database for health insurance and
Labour market studies (LISA); Stockholm Youth Cohort
(SYC); Stockholm adult psychiatric outpatient register;
Stockholm child and adolescent mental health register
(Pastill); Halmstad University Register on Pupils with
Intellectual Disability (HURPID). Taiwan: National Health
Insurance Research Database (NHIRD); Demographic details
(date of birth, sex, monthly premium, and residential
location); Claim information (outpatient and inpatient care,
medical diagnoses, prescriptions, and operations); Recorded
family kinships. Finland: Finnish Central Population Register
(FCPR); Finnish Hospital Discharge Register (FHDR);
Finnish Medical Birth Register (FMBR). Denmark: Danish
medical birth registry; Danish civil registration system;
Danish psychiatric central research register; Danish hospital
register. Norway: Medical Birth Registry of Norway (MBRN);
Norwegian national insurance scheme; Norwegian patient
registry. Canada: Population data B.C (PopData); Central
consolidation file; Medical Services Plan (MSP); Hospital
separation file.

Populations: Total eligible (T); Cases/exposure (C); Controls
(Co); Siblings (S); Full siblings (F); Half siblings (H); Maternal
siblings (M); Paternal siblings (P); Twins (T); Monozygotic
twins (Mt); Dizygotic twins (Dt).
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