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Sibling dynamics play a crucial role in individual development, health and wellbeing. We established a national
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Child Health, University College mothers and their children (mothers and only-children, MoC; and mothers and siblings, MSib).
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Methods

From 13.6 million mother-baby pairs from births between April 1997 and January 2022 captured in Hospital
Episode Statistics in England, we identified MoC and MSib clusters by identifying livebirths linked to the
same mother. We compared only-children and children with siblings, by ethnicity, sociodemographic variables,
and birth characteristics. We calculated birth intervals for children with siblings.

Results

We identified 4,086,648 MoC and 3,957,856 MSib clusters. Compared with only-children, children with siblings
were more likely to be Asian, live in more deprived areas, and have younger mothers, but were less likely to
be overdue births (>=42 weeks), or to have very low birth weight (<1500g). Children with siblings were also
less likely to have been admitted to special neonatal care after birth compared to only-children. Among the
MSib clusters, sibship sizes varied between 2 and 15, with a mean of 2.4 children per mother. The median
birth interval was 3.0 years.

Conclusion

This national cohort ECHILD-0oCSib of 4.1 million MoC and 4.0 million MSib clusters in England is an
important resource for investigating the effects of maternal exposures, sibling dynamics and their interplay
on individual development, health and wellbeing. Potential sources of bias should be considered in analyses
of these data.
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Key features

e We derived a national cohort of 4.1 million clusters of mothers and only-children and 4.0 million clusters
of mothers and siblings using administrative health, education and social care data in England.

e Compared with only-children, children with siblings were more likely to be Asian, live in more deprived
areas, and have younger mothers, but less likely to be overdue births (>=42 weeks of gestation), or
to have very low birth weight (<1500 g).

e Among children with siblings, sibship sizes varied between 2 and 15, with a mean of 2.4 children per
mother (median =2.0). The median birth interval was 3.0 years.

e The cohort is linked to longitudinal administrative data on health, education and social care use, and
provides a valuable opportunity to investigate the effects of maternal factors, sibling dynamics, and
their interaction on children development, health, education and wellbeing.

e The data can be accessed as part of ECHILD database.
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Background

In the UK, approximately 57% of families comprise two
or more dependent children, and more than half of the
population grows up with sibling(s) [1]. Previous research
has revealed notable variation in the development, health and
overall wellbeing in various stages of the life course between
children with sibling(s) and only-children (i.e., those without
sibling(s)). Siblings, through their interactions, contribute
to the development of health behaviours, social support
systems, personalities, and wellbeing [2]. Analysis of Swedish
National Registry data has shown that compared to individuals
raised with siblings, only-children have lower stature and
fitness levels, and are more likely to be obese in late
adolescence and experience higher mortality in later life [3].
Systematic review evidence has highlighted that children with
siblings tended to engage in higher levels of physical activity
relative to their only-children counterparts [4]. Other studies
suggest that only-children and children with siblings differ
in adulthood obesity [5, 6], metabolism [7], life satisfaction,
violent and altruistic behaviour [8], academic performance and
psychological adjustment [9].

Sibship characteristics, encompassing factors such as
sibship size, birth order, age difference, and sibling relationship
dynamics, also significantly influence individual outcomes
of development, education, health and wellbeing [10-15].
For example, a British cohort found that the presence of
older siblings was associated with relatively better mental
health, while presence of younger siblings was associated with
poorer mental health [16]. A Swedish study also showed
that almost half of the variation in school attainment was
attributable to family-level factors, including sibship size,
birth spacing and sibling sex composition [17]. A study of
26 countries similarly found a link between sibship size and
individual educational attainment, and observed its variation
across regions [18]. Living with a chronically ill sibling was
found to increase the risk of mental, behavioural and social
problems [19-21].

Numerous sibling cohorts have been established around the
world, with a predominant focus on twin pairs, such as the
US National Heart, Lung, and Blood Institute Male Veteran
Twin Study [22], Swedish Twin Registry [23], Danish Twin
Registry [24], Norwegian Twin Registry [25], Chinese National
Twin Registry [26], alongside large collaborative consortia, for
example, CODATwin study [27]. While twin studies provide
distinctive insights in epidemiological research, twin births
account for only a small proportion of all births, for instance,
1.5% in the UK [28]. It remains unclear whether the different
characteristics of twin and non-twin siblings might undermine
the generalisability of findings from twin-based studies to
broader sibling population [29-32].

Beyond  twin-based  approaches, sibling  cohorts
encompassing a wider spectrum of sibling types offer larger
coverage of general population and valuable perspectives.
Examples include the California sibling study [33], the Swedish
National Registry-based sibling study [34], and the Danish
sibling study [35]. These cohorts serve as crucial complements
to twin cohorts, yet they often lack comprehensive information
on maternal factors. A UK-based sibling cohort integrated
data from four birth cohorts, and identified siblings through
their residence information [36]. However, this compilation

comprised survey cohorts with a modest sample size of 41,000
children, resulting in limited representativeness. Therefore,
there is an imperative to establish a large sibling cohort
that has comprehensive coverage of population, incorporates
multiple data sources on mothers and children, and facilitates
extensive follow-up. The establishment of such a sibling cohort
presents an important resource for understanding the effects of
and the interplay between maternal factors, and sibling-related
dynamics in shaping child outcomes.

In this paper, we first provide a comprehensive overview of
the background, data sources and methods for establishing a
national cohort of clusters of mothers and their child(ren) in
England. In this cohort, we have special focus on clusters of
mothers and only-children (MoC) and clusters of mothers and
siblings (MSib). We describe the basic characteristics of the
cohorts in the Results, and discuss the strengths, limitations
and their potential use in child research in the Discussion.
Lastly, we discuss how to access the data.

Methods

Data sources and participants

We used the Education and Child Health Insights from Linked
Data (ECHILD) [37] and ECHILD mother-baby (ECHILD-MB)
cohort [38] to establish the MoC and MSib cohorts.

ECHILD is a comprehensive national linkage of
administrative health and education databases for children
and young people born after 1984 in England. The linkage
involved the integration of administrative hospital data from
the National Health Service (NHS) Hospital Episode Statistics
(HES) [39] and education and children’s social care data from
the Department for Education (DfE) National Pupil Database
(NPD) [40].

HES includes records of all hospital activities funded
by NHS in England, including deliveries, births, inpatient
admissions, outpatient appointments, accident and emergency
attendances, mortality, demographics and standardised codes
for diagnoses and procedures [39].

NPD contains records related to state-funded educations
and children's social care services, incorporating several
data modules that are collected by DfE. NPD includes
information from different educational settings about pupil’'s
characteristics, including age, gender, ethnicity, special
educational needs and free school meals. Educational
outcomes are captured, including absences, exclusions,
attainment in national assessments and examination, and
participation in post-16 education. NPD also features two
social care modules, including Children in Need (for children
referred to social care services) and Children Looked after
Return (for children in care, referred to as looked after children
in the UK) [40].

ECHILD ensures the anonymity of individuals by removing
all direct identifiers. The linkage between HES and NPD was
performed by NHS England. Briefly, DfE securely transferred
identifiers from NPD to NHS England, and NHS England
performed deterministic linkage to link direct identifiers to
create an anonymized linkage spine connecting the NPD and
HES [41, 42]. Table 1 shows the key datasets in ECHILD and
other cohorts derived from it.
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Table 1: Key data sources included in ECHILD-0oCSib cohort

Y Age
Data source Description cov:::ge coverage  Key variables
(years)
HES
Admitted patient care Diagnoses, operations, operation dates, 1997-2022 All Diagnoses, operations, operation
consultant specialty dates, etc.
Critical care Critical care start and end dates, number of 2006-2022 Adults Diagnosis codes, etc.
days of support by organ group, discharge
destination
Accident and emergency  Type of attendance, mode of arrival, 2006-2022 All Diagnosis codes, etc.
/ Emergency Care treatments, duration
Services Dataset
Outpatient Type of appointment, outcome of 2002- 2022 All Diagnosis codes, etc.
appointment, medical staff type seeing
patient, duration of elective wait
ONS linked mortality Month and year of death, underlying cause of ~ 1997- 2022 All Date of death, cause of death, etc.
death registration death
Birth notification Birth notification 2001-2022 Birth Birth weight, gestational age
Birth registration Birth registration 1996-2022 Birth Sex, multiple indicator, parents’
country of birth and occupation
NPD
Early Years Census All 2 to 4-year olds in state-funded early years ~ 2007-2022 2-4 Age, gender, ethnicity, SEN
care and education
School census pupil level ~ All pupils in state-maintained educational 2005-2022 2-16 Age; gender; ethnicity; SEN; FSM
settings, excluding hospital schools eligibility; language
Pupil referral Unit All pupils in a PRUs (non-mainstream schools ~ 2009-2013 2-16 Age; gender; ethnicity; SEN; FSM
census maintained by the state) eligibility; language
Alternative provision All pupils in non-mainstream, non-maintained 2007-2022 2-16 Age; gender; ethnicity; SEN; FSM
census educational settings for whom the state are eligibility
covering tuition costs
Absences All pupils in state-maintained educational 2005-2022 4-16 Number of absences; numbers that
settings, excluding boarding pupils were authorized and unauthorized
Exclusions All pupils in state-maintained educational 2001-2021 2-16 Number of fixed period exclusions;
settings number of permanent exclusions
Early years foundation All children at the end of the Early Years 2002-2019 3-5 Early years practitioner assessment
stage profile Foundation Stage of education scores
KS1 assessment All children at the end of KS1 1997-2022 5-7 Teacher assessments scores
KS2 assessment All children at the end of KS2 1995-2022 7-11 Teacher assessments scores
KS3 assessment All children at the end of KS3 1998-2013 11-14 Teacher assessments scores
KS4 qualification All pupils in KS4, including those in private 2001-2021 14-16 Entry for and attainment in GCSE and
schools equivalent qualifications
KS5 qualification All pupils in KS5, including those in private 2002-2021 16-18 Entry for and attainment in A-level
schools and equivalent qualifications
National Client caseload  All young people aged 16—-25 who have an 2010-2022 16-25 Post-16 activity; not in education,
information system SEN or disability employment or training indicator
Children in Need Census Referrals to children's social care and all 2008-2022 2-16 Referral date; category of need; start
children in need date of child protection plan
Children Looked After All children who are looked after 1991-2021 2-16 Placement start and end date; type

Return

of placement setting; legal basis for
placement

Notes: HES = Hospital Episode Statistics; ONS = Office for National Statistics; N/A, not available.

Information on diagnoses, treatments and procedures for each episode of care is recorded by clinical coders based on patient
care records and/or discharge summaries using standardized codes. In the Admitted Patient Care, Critical Care and Outpatient
modules, diagnoses are recorded using the International Classification of Disease (ICD) version 10, and treatments and procedures
are recorded using the Office of Population Censuses and Surveys (OPCS) version 4. In the Accident and Emergency module,
bespoke codes are used to record diagnoses and treatmentsl4; however, these are much more limited than ICD-10 and OPCS-4

codes.

NPD, National Pupil Database; PRU, pupil referral unit; SEN, special educational needs; FSM, free school meals; GCSE, General
Certificate of Secondary Education (national examinations taken by students at the end of compulsory education); KS, Key Stage.
The School Census Pupil Level module is collected on a termly basis in October (Autumn census), January (Spring census) and
May (Summer census). The other education census modules are collected in January only.
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The ECHILD-MB cohort, nested within ECHILD,
specifically focuses on mother-baby pairs. In HES, delivery
records and birth records are separately documented for
mothers and babies, with no routine process for identifying
mother-baby pairs for NHS England. We employed a
validated linkage algorithm, encompassing both deterministic
and probabilistic linkage methods, using information of
demographics, geographic, delivery and birth characteristics
to identify these pairs [43]. The algorithm successfully linked
13.6 million out of 14.5 million (overall linkage rate 94.1%)
birth records to maternal delivery records between April 1997
and January 2022. External validation of the mother-baby
linking status against an independent administrative dataset
(Community Service Data Set) covering a subset of the
ECHILD-MB cohort demonstrated low levels of linkage error.
ECHILD-MB covers 87% of all livebirths in England and is
representative of national birth statistics [38]. We excluded
stillbirths from the ECHILD-MB cohort before deriving the
MoC and MSib cohorts. (Supplementary Table 1).

Statistical analysis

Based on the number of livebirths identified for each mother
in HES, we identified clusters of MoC and of MSib to form
the ECHILD-MoC cohort and the ECHILD-MSib cohort. In
ECHILD-MSib cohort, we integrated information across births
from a multiple pregnancy (such as twins, triples, etc.) to
impute missing data for gestational age and maternal age. We
calculated the sibship size as the total number of livebirths
(not deliveries) up to January 2022.

We compared the basic characteristics between the
MoC and MSib cohorts, as well as by sibship size in the
MSib cohort, including sex, birth weight (g), gestational
age (weeks), mother's ethnic background (White, Asian,
Black, Mixed, and Others), maternal age (years), and
mother’s Index of Multiple Deprivation (IMD) quintiles
(based on residential postcode). Differences between groups
were compared using standardized differences and their 95%
confidence intervals. When calculating the summary statistics
of these characteristics for each group of sibship size, we used
individual-level data, instead of cluster-level data. For maternal
characteristics (maternal age, ethnic background, IMD), the
same mother may be included multiple times if she had two or
more children. Based on whether a variable was time varying or
not, there were three categories: (1) time-constant variables,
such as maternal ethnicity; (2) delivery-specific variables, such
as gestational age, maternal age, and maternal IMD; and
(3) baby-specific variables, such as birth weight, baby sex,
neonatal care admission, and birth status.

In the MSib cohort, we assessed the proportion of boys
and of multiple births overall and by sibship size, where the
latter was calculated as the number of children who were born
in multiple births divided by the total number of children. We
also compared the characteristics of children based on their
birth order (first born vs. later born children), after removing
the records where the first birth was a multiple birth.

We calculated birth interval and inter-pregnancy interval.
Birth interval was defined as the time period between a
delivery and the next delivery; interpregnancy-interval was
defined as the time period between delivery and estimated
conception date of the subsequent pregnancy. The conception

date was estimated by subtracting gestational age from the
derived delivery date. Derived delivery date was estimated
from mothers' delivery records using the same algorithm
as used in a previous study [44]. When gestational age
was missing (for 17.8% of mother-baby dyads), we used
the median value (39.0 weeks). By definition, birth interval
and inter-pregnancy interval for the first delivery was zero.
We summarised the mean, median and interquartile rage
of birth interval and interpregnancy interval, overall and by
sibship size.

Results

In the ECHILD-MB cohort, after excluding 29 440 stillbirths,
we identified a total of 8 044 504 mothers with at least
one livebirth. Among these, 4 086 648 (50.8%) had a single
livebirth, constituting the MoC cohort, while the remaining 3
957 856 (49.2%) had more than one livebirth, forming the
MSib cohort (Figure 1).

Compared to the only-children, children with siblings
exhibited different characteristics. They were more likely to
be Asian (12.0% vs. 10.3%) and less likely to have a Mixed
ethnicity background (4.4% vs. 5.3%). Children with siblings
were also more likely to live in the most deprived quintile
(28.5% vs. 24.4%), to have younger mothers (29.0 vs. 30.0
years), less likely to be overdue births (>=42 weeks; 3.2%
vs. 3.8%), have higher birth weight (3263.6 vs. 3252.0g),
and less likely to have very low birth weight (>1500g;
0.8% vs. 1.0%). They were also less likely to be admitted
to special neonatal care following birth (12.5% vs. 13.8%)
(Table 2).

Within the MSib cohort, the number of children in each
cluster varied between 2 and 15, with a mean of 2.4 children
per mother (median 2.0, mode 2.0, interquartile range 2.0—
3.0). Of mothers with two or more children, 71.1% (n=2
815 657) had two children, 20.8% (n=2821 999) had three
children, 5.7% (n =226 515) had four children, and 2.4% had
more than four children.

Among the sibling clusters with two children, 51.4%
consisted of one boy and one girl, 23.1% two boys, and
25.5% two girls. Distributions of sex for higher order births
are provided in Supplementary Table 2. The percentage of
sibling clusters that included one or more pregnancy with
multiple births ranged from 2.2% in 2-sibling-clusters to 12.1%
in clusters with more than five children (Figure 2).

Compared to the first born children, later born children
were more likely to have lower gestational age (39 vs. 40
weeks), higher birth weight (3298 vs. 3259g), and were less
likely to be overdue births (2.2% vs. 4.9%) (Table 3)

The median birth interval was 3.0 (mean 3.7, SD 2.4,
mode 1.9) years, and the median interpregnancy-interval was
2.2 (mean 2.9, SD 2.4, mode 1.1) years. The median birth
interval decreased as the number of siblings increased, from
3.1 years for clusters with two children to 2.8 for clusters
with four children, to 2.0 for clusters with five or more
children (Figure 3). Similarly, the median interpregnancy-
interval decreased from 2.3 years for clusters with two
children to 2.0 years for clusters with four children, to 1.3
years for clusters with five or more children (Supplementary
Figure 1).
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Figure 1: Flow diagram of participant inclusion in ECHILD-oCSib cohort
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Discussion

We established a nationwide cohort of 4.1 million MoC clusters
and 4.0 million MSib clusters, covering 87% of livebirths
in England between April 1997 and January 2021. Through
continuous linkage with longitudinal HES and NPD datasets,
the cohort provides comprehensive insights into the health,
education, and social care service use of each individual,
spanning both mothers and the children they gave birth
to. The unique combination of this extensive data resource
and the well-defined cohort structure renders it valuable for
addressing a diverse range of research questions.

First, the mother-baby structure provides a robust
framework for investigating intergenerational effects of
maternal exposures on children's outcomes measured in
education, health or social care records [37, 42, 45, 46].
Extensive previous research has suggested the significant
role of maternal factors in children’s short- and long-
term outcomes, spanning from birth through childhood
to adolescent and adulthood [47-50]. For example, linked
mother-baby HES has been used to examine the effects of
a range of pre-pregnancy psychosocial risk factors on birth
weight, injury admission and infant mortality [49]. Our data
enable the examination of how the conditions and events
experienced by mothers prior to and during pregnancy may
shape the trajectories of all of their children, with special
emphasis on health, education and social care use.

Second, this cohort enables comparison between MoC
and MSib clusters, offering insights at both the child and
mother levels. At the child level, the cohort facilitates research
into whether having siblings is a risk/protective factor, or a
potential effect modifier [6-8, 16, 51]. At the mother level, the
cohort facilitates research into examining whether the number
of children (or parity) a mother has is a potential risk or
protective factor for outcomes, or if it serves as a potential
effect modifier [52-56]. For example, for children, it has been
suggested that having siblings promotes a more healthy weight
status, while only-children are at a higher risk of overweight
and obesity [6], and of adverse lipid profile [7]. Yu et al.
found that sibling additions were associated with cognitive

development, but only to first and second born children, but
not later born children [51]. Despite the efforts put into this
research field, uncertainty remains [51]. For instance, A Dutch
study showed that the psychological wellbeing of mothers
declines more rapidly than in childless women [53], whereas
another study found an inverse association between having
more children and risk of suboptimal mental health in White
mothers aged 65 years or older [52]. A US study showed
that multiparity is associated with poorer cardiovascular
health [54], which was similar to a finding in UK Biobank [56],
but in contrast to a null association between number of
children and cardiovascular risk factors found in NHANES [55].

Third, the MSib cohort will be instrumental in facilitating
examination of sibling dynamics and their impact on health,
education, and social care involvement. The study of
sibling characteristics is essential for gaining insights into
the dynamics within family structures and their broader
implications on individual development. On one hand, siblings
contribute to establishment of social networks and emotional
support; while on the other hand, they may dilute the care,
support and resources provided by caregivers. A 30-year
longitudinal study in the United States suggested the
time-dependent nature of family resource-dilution processes;
they revealed that having an older sibling is beneficial
for sociobehavioral development, but gaining a younger
sibling increases behavioural problems for some first-born
children [51]. Investigating sibling relationships provides a
unique lens through which researchers can comprehend
the influence of familial environments on social, emotional,
and cognitive development. By exploring siblings dynamics,
researchers can inform the design of interventions and support
systems that cater to the diverse needs arising from sibling
relationships.

Fourth, sibling studies can be implemented within the
MSib cohort, disentangling the influence of genetic and
environmental confounders, thereby enhancing the potential
for establishing causal inferences regarding exposure-outcome
associations [57-59]. Conventional epidemiological study
designs are prone to unmeasured genetic and environmental
confounders, which may distort the association estimates.



Table 2: Characteristics of children in the mother-only-child (MoC) and mother-sibling (MSib) cohorts

Children in MoC cohort Children in MSib cohort Total
Sibship Sibship Sibship Sibship Sibship Children with
size=2 size=3 size=4 size=5 ize>6 siblings
n=40866438 n=5631314 n=2465997 n=906060 n= 315990 n=200206 n=9519567 n=13606215
(30.0%) (41.4%) (18.1%) (6.6%) (2.3%) (1.5%) (70.0%) (100.0%)

Standardised mean

difference (95%Cl)

between MoC and
MSib children

Male sex, n(%)
Ethnicities
Asian
Black
Mixed
White
Unknown

Maternal Index of
multiple deprivation
categories
Quintile 1 (most
deprived)
Quintile 2
Quintile 3
Quintile 4
Quintile 5 (least
deprived)
Unknown

Maternal age* (years),
mean (SD)

<20

20-24

25-29

30-34

35-39

40-44

>=45
Unknown

2079237 (50.9%)

292432 (10.3%)
162520 (5.7%)

152267 (5.3%)

2240465 (78.7%)

1238964 (30.3%)

991941 (24.4%)

882832 (21.8%)
757712 (18.7%)
676437 (16.7%)
748818 (18.5%)

28908 (0.7%)
30.02 (5.99)

158475 (4.6%)
500232 (14.7%)
880091 (25.8%)
1053499 (30.9%)
641648 (18.8%)

168105 (4.9%)

10516 (0.3%)
674082 (16.5%)

2880700 (51.2%)

426679 (9.8%)

186211 (4.3%)

193974 (4.5%)
3544697 (81.5%)
1279753 (22.7%)

1263312 (22.5%)

1158159 (20.6%)
1068541 (19.0%)
1013771 (18.0%)
1112681 (19.8%)

14850 (0.3%)

20.65 (5.57)

195488 (4.0%)
751482 (15.2%)
1379567 (27.9%)
1625854 (32.9%)
833673 (16.9%)

147212 (3.0%)

6844 (0.1%)

691194 (12.3%)

1271899 (51.6%)

271574 (14.1%)
121038 (6.3%)
81867 (4.3%)

1445046 (75.3%)

546472 (22.2%)

788331 (32.1%)

537191 (21.8%)
418057 (17%)
354100 (14.4%)
361738 (14.7%)

6580 (0.3%)
28.36 (5.83)

143554 (6.6%)
461451 (21.2%)
636632 (29.3%)
586956 (27.0%)
201742 (13.4%)
52049 (2.4%)
2396 (0.1%)
200317 (11.8%)

462069 (51.0%)

125163 (17.8%)
51879 (7.4%)
20415 (4.2%)
496169 (70.6%)
203434 (22.5%)

386088 (42.7%)

206330 (22.8%)
132575 (14.7%)
94000 (10.4%)
84757 (9.4%)

2310 (0.3%)

27.41 (5.95)

72074 (9.0%)
205399 (25.7%)
233900 (29.2%)
181337 (22.7%)
88494 (11.1%)
17971 (2.2%)
827 (0.1%)
106058 (11.7%)

159925 (50.6%)

42750 (17.5%)
19208 (7.8%)

10765 (4.4%)

172096 (70.3%)
71171 (22.5%)

156951 (49.8%)

72123 (22.9%)
40372 (12.8%)
25316 (8.0%)
20428 (6.5%)

800 (0.3%)
27.12 (6.04)

28733 (10.3%)
74846 (26.9%)
79536 (28.5%)
50470 (21.3%)
20336 (10.5%)
6392 (2.3%)
365 (0.1%)
37312 (11.8%)

101336 (50.7%)

18483 (11.9%)
11094 (7.7%)
6736 (4.3%)

117933 (76.0%)

45060 (22.5%)

106715 (53.4%)

45002 (22.5%)
23626 (11.8%)
13753 (6.9%)
10564 (5.3%)

546 (0.3%)
27.62 (6.24)

17388 (9.8%)
44068 (24.8%)
48962 (27.6%)
39666 (22.3%)
21753 (12.2%)
5407 (3.0%)
342 (0.2%)
22620 (11.3%)

4875929 (51.2%)

884649 (12.0%)
390330 (5.3%)

322757 (4.4%)

5775941 (78.3%)

2145890 (22.5%)

2701397 (28.5%)

2018805 (21.3%)
1683171 (17.7%)
1500940 (15.8%)
1590168 (16.7%)

25806 (0.3%)
28.98 (5.77)

457237 (5.5%)
1537246 (18.4%)
2378597 (28.4%)
2493283 (29.8%)
1264998 (15.1%)

220031 (2.7%)

10774 (0.1%)
1147501 (12.1%)

6955166 (51.1%)

1177081 (11.5%)
552850 (5.4%)
475024 (4.6%)

8016406 (78.4%)

3384854 (24.9%)

3693338 (27.3%)

2001637 (21.4%)
2440883 (18.0%)
2177377 (16.1%)
2338986 (17.3%)

54714 (0.4%)

20.28 (5.85)

615712 (5.2%)
2037478 (17.3%)
3258688 (27.7%)
3546782 (30.1%)
1906646 (16.2%)

398036 (3.4%)

21290 (0.2%)
1821583 (13.4%)

0.007 (0.005, 0.008)
0.187 (0.186, 0.188)

0.105 (0.104, 0.107)

0.178 (0.177, 0.179)

0.186 (0.185, 0.188)

Continued
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Table 2: Continued

Children in MoC cohort Children in MSib cohort Total
Sibship Sibship Sibship Sibship Sibship Children with Standardised mean
size=2 size=3 size=4 size=5 ize > 6 siblings difference (95%Cl)
n=4086648 n=5631314 n=2465997 n=906060 n=315990 n=200206 n=9519567 n=13606215 between MoC and
(30.0%) (41.4%) (18.1%) (6.6%) (2.3%) (1.5%) (70.0%) (100.0%) MSib children
Gestational age at 39 (38, 40) 39 (38, 40) 39 (38, 40) 39 (38, 40) 39 (38, 40) 39 (38, 40) 39 (38, 40) 39 (38, 40) 0.048 (0.047, 0.050)
birth (weeks), median

(interquartile range)
<=27
28-31
32-36
37-41
>=42
Unknown

Birth weight (g), mean

(SD)
<1500
1500-1999
2000-2499
2500-2999
3000-3499
3500-3999
4000-4499
4500-4999
>=5000
Unknown

Neonatal care admission
Normal care
Special care
L1 intensive care
L2 intensive care
Unknown

7478 (0.3%)
20029 (0.7%)
167628 (5.7%)
2626033 (89.5%)
112909 (3.8%)
1152571 (28.2%)

3252.05 (517.29)

31404 (1.0%)
39101 (1.3%)
145238 (4.6%)
584429 (18.7%)
1267376 (40.6%)
952924 (30.5%)
94125 (3.0%)
8229 (0.3%)
1503 (0.1%)
962319 (23.5%)

2342795 (86.2%)
304313 (11.2%)
43541 (1.6%)
28775 (1.1%)
1367224 (33.5%)

8377 (0.2%)
25748 (0.6%)
245424 (5.9%)

3750281 (89.9%)
141071 (3.4%)
1460413 (25.9%)

3285.34 (513.01)

35048 (0.8%)
55683 (1.2%)
201403 (4.5%)
766564 (17.2%)
1761738 (39.5%)
1460925 (32.7%)
162804 (3.6%)
15714 (0.4%)
2158 (0.1%)
1169277 (20.8%)

3331307 (87.6%)
379784 (10.1%)
58411 (1.5%)
35327 (0.9%)
1826485 (32.4%)

4372 (0.2%)

13030 (0.7%)
126643 (6.9%)
1642561 (89.1%) 604590 (88.2%)
56669 (3.1%)
622722 (25.3%)

3250.85 (530.55) 3210.49 (538.2)

17400 (0.9%)

20354 (1.5%)

106918 (5.4%)
371834 (18.8%)
765319 (38.7%)
607548 (30.8%)
69041 (3.5%)

7023 (0.4%)
965 (0.1%)

490595 (19.9%) 172340 (19.0%)

1488677 (87.7%) 554400 (87.5%)
164133 (9.7%)
28114 (1.7%)
16604 (1.1%)
768469 (31.2%) 272531 (30.1%)

1909 (0.3%)
5577 (0.8%)
52052 (7.7%)

807 (0.3%)
2372 (1.0%)
20648 (8.6%)

209556 (87.1%)

7184 (3.0%)

(
20368 (3.0%)
( 75423 (23.9%)

220664 (24.4%)

7128 (1.0%)
12563 (1.7%)
45044 (6.1%)
152510 (20.8%)
(
(

2795 (1.1%)
4912 (1.9%)
17256 (6.7%)

56333 (21.9%)

99107 (38.5%)

69084 (26.8%)
7247 (2.8%)

769 (0.3%)
97 (0.1%)
58390 (18.5%)

283635 (38.7%)
207660 (28.3%)
22698 (3.1%)
2181 (0.3%)
301 (0.1%)

192616 (86.9%)
22230 (10.0%)
4410 (2.0%)
2449 (1.1%)
94285 (29.8%)

61142 (9.7%)
11373 (1.8%)
6605 (1.0%)

557 (0.4%)
1546 (1.0%)
13714 (9%)
132190 (86.4%)
4980 (3.3%)
47219 (23.6%)

3184.06 (546.48) 3188.425 (547.67)

1854 (1.1%)
3114 (1.9%)
10961 (6.7%)
35107 (21.4%)
62974 (38.4%)
44974 (27.4%)
4643 (2.8%)
419 (0.3%)
51 (0.1%)
36109 (18.0%)

123811 (86.9%)
14145 (9.9%)
2021 (2.0%)
1666 (1.2%)

57663 (28.8%)

16022 (0.2%)
48273 (0.7%)
459381 (6.5%)
6339178 (89.4%)
230272 (3.2%)
2426441 (25.5%)

3263.6 (522.9)

64225 (0.8%)
105626 (1.4%)
381582 (5.0%)
1382348 (18.2%)
2972773 (39.2%)
2390191 (31.5%)
266433 (3.5%)
26106 (0.3%)
3572 (0.1%)
1926711 (20.2%)

5600820 (87.5%)
641434 (9.9%)
105229 (1.6%)
62651 (1.0%)

3019433 (31.7%)

23500 (0.2%)

68302 (0.7%)
627009 (6.3%)
8965211 (89.4%)
343181 (3.4%)
3579012 (26.3%)

3260.23 (521.3)

95629 (0.9%)
144727 (1.4%)
526820 (4.9%)
1966777 (18.4%)
4240149 (39.6%)
3343115 (31.2%)
360558 (3.4%)
34335 (0.3%)
5075 (0.1%)
2889030 (21.2%)

8033615 (87.1%)
945747 (10.3%)
148770 (1.6%)
91426 (1.0%)

4386657 (32.2%)

0.045 (0.044, 0.046)

0.029 (0.028, 0.031)

0.051 (0.050, 0.053)

0.056 (0.055, 0.057)

When calculating percentage for Unknown category, the denominator was all total number of babies; when calculating percentage for other categories, the denominator was the
total number of babies excluding the unknown category. *: the same mother is included multiple times in the maternal characteristics descriptive.
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Table 3: Characteristics of children in the mother-sibling (Msib) cohorts by birth order (first born vs. later born) (removing the
records where the first delivery was a multiple delivery)

First born children Later born children Total Standardised mean
n=3898717 n=5457990 n=9356707 difference (95%Cl) between
(41.7%) (58.3%) (100.0%) first born and later born

Male sex, n (%)
Ethnicities
Asian
Black
Mixed
White
Unknown

Index of multiple deprivation
categories
Quintile 1 (most deprived)
Quintile 2
Quintile 3
Quintile 4
Quintile 5 (least deprived)
Unknown

Maternal age (years), mean
(SD)

<20

20-24

25-29

30-34

35-39

40-44

>=45

Unknown

Gestational age at birth
(weeks), median (interquartile
range)

<=27

28-31

32-36

37-41

>=42

Unknown

Birth weight (g), mean(SD)
<1500
1500-1999
2000-2499
2500-2999
3000-3499
3500-3999
4000-4499
4500-4999
>=5000
Unknown

Neonatal care admission
Normal care
Special care
L1 intensive care
L2 intensive care
Unknown

2000284 (51.3%)

309237 (11.2%)
139507 (5.0%)

112998 (4.1%)

2201216 (79.7%)

1135759 (29.1%)

1076228 (27.7%)
947472 (24.4%)
852241 (21.9%)
777559 (20.0%)
716799 (18.4%)
12456 (0.3%)

26.6 (5.5)

—~ NSNS~

388890 (11.6%)
840523 (25.1%)
1026440 (30.6%)
835713 (24.9%)
241913 (7.2%)
18333 (0.5%)
503 (0.1%)
546402 (14.0%)

40 (39, 41)

5190 (0.2%)
14777 (0.5%)
145994 (5.1%)
2569704 (89.3%)
141428 (4.9%)
1021624 (26.2%)

3259 (495)
21571 (0.7%)
31831 (1.0%)
136605 (4.4%)
592619 (19.2%)

1273434 (41.3%)
927067 (30.0%)
93433 (3.0%)

8149 (0.3%)

1172 (0.1%)
812836 (20.8%)

2496099 (88.5%)
263689 (9.3%)
37949 (1.3%)
23162 (0.8%)

1077818 (27.6%)

2795032 (51.2%)

564952 (12.6%)
243737 (5.4%)

204251 (4.5%)

3479318 (77.5%)
965732 (17.7%)

1590426 (29.2%)
1314712 (24.1%)
1133733 (20.8%)
1015838 (18.6%)
935514 (17.2%)
11070 (0.2%)

30.5 (5.4)

62925 (1.3%)
678016 (13.9%)
1314876 (27.0%)
1604924 (33.0%)
990879 (20.4%)
204016 (4.2%)

8623 (0.2%)
593731 (10.9%)

39 (38, 40)

8355 (0.2%)
24921 (0.6%)
250682 (6.2%)
3697705 (90.9%)
88267 (2.2%)
1388060 (25.4%)

3208 (512)
29853 (0.7%)
51767 (1.2%)
194755 (4.5%)

739753 (17.0%)
1682794 (38.7%)
1459805 (33.5%)
172676 (4.0%)
17940 (0.4%)
2156 (0.1%)
1106491 (20.3%)

3126876 (87.8%)
344525 (9.7%)
56407 (1.6%)
33345 (0.9%)

1896837 (34.8%)

4795316 (51.3%)

874189 (12%)

383244 (5.3%)

317249 (4.4%)
5680534 (78.3%)
2101491 (22.5%)

2666654 (28.6%)
2262184 (24.2%)
1985974 (21.3%)
1793397 (19.2%)
1652313 (17.7%)
23526 (0.3%)

28.9 (5.8)

451815 (5.5%)
1518539 (18.5%)
2341316 (28.5%)
2440637 (29.7%)
1232792 (15.0%)

222349 (2.7%)

9126 (0.1%)
1140133 (12.2%)

39 (38, 40)

13545 (0.2%)
39698 (0.6%)
396676 (5.7%)
6267409 (90.2%)
229695 (3.3%)
2409684 (25.8%)

3282 (505)
51424 (0.7%)
83598 (1.1%)
331360 (4.5%)

1332372 (17.9%)
2956228 (39.7%)
2386872 (32.1%)
266109 (3.6%)
26089 (0.4%)
3328 (0.1%)
1919327 (20.5%)

5622975 (88.1%)
608214 (9.5%)
94356 (1.5%)
56507 (0.9%)

2974655 (31.8%)

0.002 (0.001, 0.003)
0.277 (0.276, 0.278)

0.081 (0.080, 0.083)

0.713 (0.711, 0.714)

0.703 (0.701, 0.704)

0.212 (0.210, 0.213)

0.155 (0.153, 0.156)

0.113 (0.112, 0.114)
0.108 (0.107, 0.110)

0.065 (0.064, 0.067)

When calculating percentage for Unknown category, the denominator was all total number of babies; when calculating percentage
for other categories, the denominator was the total number of babies excluding the unknown category. *: the same mother is
included multiple times in the maternal characteristics descriptive. In this table, we removed the records where the first delivery
was a multiple delivery.
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Figure 2: The percentage of multiple births by the size of mother-sibling cluster
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The number of siblings is the number of siblings in each mother-sibling cluster by January 2022. The numerator is the number of
mother-sibling clusters that have ever had multiple births between April 1997 and January 2022. The denominator is the number of
the mother-sibling clusters that have the according number of siblings in January 2022. We included only livebirths when counting
the number of siblings.

Figure 3: Birth intervals in mother-siblings cohort by the number of siblings
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Birth interval is the time period between one delivery and the next delivery. We excluded the first delivery (regardless of whether
it was a singleton birth or multiple birth) when calculating the summary statistics of birth interval, as they were always zero by
definition. The figure summarised the values for individual children, not by sibling clusters. The numbers in the plots represent the
median values (50" percentile).
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In contrast, sibling comparison designs leverage the shared
genetic background, lifestyle and environmental factors among
siblings, serving to minimise such bias by comparing siblings
that are discordant for particular exposures or outcomes [60]. It
is acknowledged that new sources of bias, including birth order,
age differences, gestational age, and maternal and paternal
age at birth, may still be present, necessitating additional
adjustments in the analytical approach.

Fifth, the structure of this cohort allows research into
interactions between maternal factors and sibling dynamics,
thus yielding a more comprehensive picture of how family-
level factors influence child outcomes. This holistic approach
not only contributes to a more comprehensive understanding
of the complexities involved within families but also affords
greater precision in drawing meaningful conclusions regarding
the multifaceted relationships within family structures and
their impact on health, education, and overall well-being.
Currently, research evidence in this area is lacking.

Several potential sources of bias warrant careful
consideration. Firstly, the siblings identified in our dataset are
based on children born to the same mother, and we are not able
to distinguish whether they share the same father (full sibling)
or have different fathers (half-sibling). Secondly, the identified
siblings may not necessarily be the individuals with whom a
specific child grew up, as circumstances such as adoption or
stepsibling relationships could alter family composition; for
similar reasons, the linked mothers may not necessarily be
the caregivers. However, these factors are anticipated to be
validated in the future through linkage to Unique Property
Reference Numbers (UPRN) [61]. Thirdly, the inclusion of
an external, independent dataset to corroborate sibling status
is recommended for robust validation. Fourthly, HES only
captures birth records in NHS hospitals in England between
April 1997 and January 2022, therefore, we may miss births
before April 1997, or after January 2022, or outside NHS
hospitals, or outside England (for example, if a mother
immigrated to England with her existing child(ren) born in
other countries), which introduces bias in underestimating
the number of children a mother actually had. The size
of ECHILD-MoC may be overestimated, while the size of
ECHILD-MSib may be underestimated as well as the size
of sibship. A previous UK study demonstrated that mothers
who had out of NHS hospital deliveries were more likely to
be older, white, more affluent and multiparous [62], which
might imply possibility of selection bias. Fifthly, as the cohort
is linked to national datasets with constant updates of data,
we expect some mothers to give birth to more babies in
the future, thus meaning that some individuals in the MoC
cohort may be moved to the MSib cohort, and sizes of
sibships in the MSib cohort will increase over time. Sixthly,
NHS England apply opt outs for overall 5.4% of English
population (1.3% of children aged 0-9 years and 8.5% for
those aged 30-39 years). Seventhly, there is missing data in
our cohort, as is in other administrative databases. Some
variables have higher proportions of missing data than others,
such as ethnicity, gestational age, birth weight, neonatal
care admission. Data completeness has been significantly
increased via data imputation based on mother-baby pairs
and sibling status (for some delivery/birth related variables)
and mapping across multiple medical records (for ethnicity),
however, missingness is still high for some variables. These
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limitations may contribute to selection and information biases
and should be taken into account when interpreting findings
based on these data. Vigilance in addressing these potential
biases will ensure a more accurate and nuanced understanding
of the complex familial dynamics under investigation.

Data access

ECHILD-MoC and ECHILD-MSib data is available to
accredited researchers, as part of ECHILD database. ECHILD
is accessible via ONS Secure Research Service, a trusted
research environment. Researchers wishing to access the
ECHILD Database must apply to the ECHILD Data Access
Committee. For more information on application process,
please contact ich.echild@ucl.ac.uk.
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Supplementary Figure 1: Inter-pregnancy interval in mother-siblings cohort by the sibship size
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Inter-pregnancy interval is the time period between one delivery and the estimated conception date of next pregnancy. Conception
date was estimated based on delivery date and gestation age; we used the average gestational age (39 weeks) if it was missing. We
excluded the first delivery (regardless of whether it was a singleton birth or multiple birth) when calculating the summary statistics
of inter-pregnancy interval, as they were always zero by definition. The figure summarised the values for individual children, not by
sibling clusters. The numbers in the plots represent the median values (p50).

Supplementary Table 1: The codelists used to define stillbirth in Hospital Episode Statistics

Data source Fields Codelist
Diagnosis codes ICD10 P95, 7371, Z373, Z374, 7376, Z377
HES specific fields Discharge method 5

Birth status 2-4

Supplementary Table 2: The number of boys in the mother-siblings cohort

Number of boys in sibling cluster
Sibship size 0 1 2 3 2 5 6 >= Total
2 651248 (23.1%) 1446101 (51.4%) 718308 (25.5%) - - - - - 2815657 (100%)
3 09068 (12.1%) 291315 (35.4%) 313113 (38.1%) 118503 (14.4%) - - - - 821999 (100%))
4 14640 (6.5%) 54677 (24.1%) 81170 (35.8%) 58580 (25.9%) 17448 (7.7%) - - - 226515 (100%))
5 2234 (3.5%) 10103 (16.1%) 18594 (20.4%) 18669 (20.5%) 10802 (17.1%) 2706 (4.3%) - - 63198 (100%)
6 373 (1.9%) 2051 (10.3%) 4526 (22.7%) 5743 (28.8%) 4528 (22.7%) 2261 (11.3%) 446 (2.2%) - 19928 (100%)
7 57 (0.9%) 389 (6.0%) 1051 (16.1%) 1647 (25.3%) 1696 (26.0%) 1154 (17.7%) 438 (6.7%) 86 (1.3%) 6518 (100%)
8 13 (0.5%) 78 (3.2%) 253 (10.4%) 511 (20.9%) 607 (24.9%) 583 (23.9%) 288 (11.8%) 108 (4.4%) 2441 (100%)
>=9 3 (0.2%) 24 (1.5%) 74 (4.6%) 215 (13.4%) 313 (19.6%) 397 (24.8%) 308 (19.3%) 98 (10.4%) 1600 (100%)
Total 767636 (19.4%) 1804828 (45.6%) 1137089 (28.7%) 203868 (5.2%) 35394 (0.9%) 7101 (0.2%) 1480 (0.1%) 348 (0.1%) 3957856 (100%)

The number of siblings and the number of boys in each mother-sibling cluster were counted up to January 2022.
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