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Data resource basics further exacerbated in the context of the COVID-19 pan-

demic.® Despite their burden and impact on health path-

The major health challenges facing children and adoles-

ways across the life course,”'” the origins of many of the

cents increasingly reflect chronic problems that have com-

plex biopsychosocial and environmental dimensions.' In
high-income countries, nearly a quarter of children and
adolescents are overweight or obese,” up to a quarter expe-
rience a mental disorder in any given year,” allergic dis-
eases continue to rise’ and life-threatening diseases such as
cancer remain a major problem.’ Overall, children and
young people from disadvantaged backgrounds are dispro-
portionately impacted by adverse health and developmen-

6,7

tal outcomes™” and these disparities are expected to be

major health issues facing children and adolescents are not
yet well understood. This limits our capacity to realize op-
portunities for early prevention and intervention (e.g. on
factors such as social disadvantage and infection) that may
have cumulative health benefits over the life course.'”
Cohort studies provide a valuable resource in this re-
gard, particularly when enriched with biospecimens. They
allow the impacts of early-life exposures and complex
biopsychosocial mechanisms to be investigated over
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Key Features

cohorts to improve child and adolescent health.

and immune-related conditions.

policy, interventions and trials.

* The Melbourne Children’s LifeCourse Initiative enables researchers to more effectively leverage the value of existing

* The initiative includes 33 studies hosted by or in collaboration with the Murdoch Children’s Research Institute,
including 22 core longitudinal cohorts that are fully catalogued.

* These core studies capture health and development for >40 000 children, young people and families tracked for up
to four decades, enriched through linkage to administrative data and collection of biosamples.

* Metadata are standardized and curated by LifeCourse to allow researchers internationally to search and browse
information about the available data and request data access via https://lifecourse.melbournechildrens.com.

* Beyond the significant contributions of individual studies, a programme of research working across cohorts is
increasingly emerging that addresses a shared interest in pathways leading to mental health, cardiometabolic health

* Efforts of cohort researchers are informed by partnering statisticians’ ongoing development and refinement of
analytical methods for observational studies, with a key focus on causal inference to inform the development of

extended periods of development, including those expo-
sures that could never be ethically, cost-effectively or time-
efficiently examined within stand-alone randomized
trials."! This is facilitated by recent methodological advan-
ces, which provide a framework for analysing causal rela-
tionships through explicit emulation of the hypothetical
‘target trial’ that would have ideally been conducted.'’>'?
In addition, there remains a largely untapped potential to
work systematically across cohorts. For example, appro-
priate harmonization and pooling of data from multiple
cohorts can improve precision of estimation when investi-
gating rare exposures and/or outcomes.'® Cohorts can also
be brought together to enhance confidence in findings
through replication'* and to address questions spanning
different age periods or constructs.'’

There are, however, a range of barriers to more fully re-
alizing the potential gains of cross-cohort approaches. For
example, discoverability of common and complementary
data elements across cohorts can be hampered by different
ways of describing and documenting data across studies.
Restrictive data access protocols can limit the feasibility of
analysing participant-level data from multiple cohorts.
Working in siloes poses a barrier to achieving alignment
between cohort measures and protocols, which limits op-
portunities for data alignment and pooling. Even where
aligned data are available, cohort researchers can lack op-
portunities to connect across teams and with methods
experts to develop necessary skills and knowledge.

In the Northern Hemisphere, initiatives have emerged
to tackle these barriers by bringing child and adolescent co-
hort studies that capture a wide range of exposures and
outcomes together in common platforms, enabling their
use both independently and within cross-cohort designs.

An example is Cohort and Longitudinal Studies
Enhancement Resources (CLOSER),'® which was estab-
lished in 2012 and now brings together 19 major longitudi-
nal cohorts in the UK (14 child and adolescent). The EU
Child Cohort Network similarly brings together 18 cohorts
to allow investigations of early-life exposures and adult
health outcomes.'” These platforms build on the important
groundwork developed by consortia drawing studies to-
gether around specific conditions, such as the International
Childhood Cancer Cohort Consortium (I4C) focused on
childhood cancer,’ which have required the development
of sophisticated governance models and methodological
approaches to realize their objectives.’

Origins and aims of LifeCourse

An equally rich history of early-life cohort studies in the
Southern Hemisphere has been largely underrepresented in
emerging platforms to date. In response, the Murdoch
Children’s (MCRI),
Melbourne, Australia, established the LifeCourse initiative

Research Institute located in
in 2013 (https:/lifecourse.melbournechildrens.com), with
the aim of bringing together the large hub of cohort studies
that were hosted by or in collaboration with the MCRI at
that time (representing over half of the total number of
child and adolescent cohorts in the Australasian region).
LifeCourse was established in partnership with the
University of Melbourne Department of Paediatrics and
the Royal Children’s Hospital (which, together with
MCRI, comprises the Melbourne Children’s Campus) and
drew on wide ranging collaborations via the participating
cohorts and research teams. A small leadership committee
supported by a project team,

oversees LifeCourse,
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partnering with a statistical group that undertakes research
in analytic methods for observational studies, and collabo-
rating with investigators, project managers and data users
across the cohorts.

The LifeCourse initiative now supports 33 studies in to-
tal, each of which is independently managed by their study
team. This includes 22 active longitudinal cohorts that
have metadata fully integrated into the LifeCourse plat-
form and at a minimum data-sharing protocols in place
that enable collaboration or data use beyond the primary
study team (Table 1). Together these 22 core studies cap-
ture the development of >40 000 children and young peo-
ple and their families (Table 1). They include traditional
population-based prospective longitudinal cohort studies
that are broadly representative, though participant reten-
tion and engagement of culturally and socially diverse pop-
ulations, such as families from Aboriginal and Torres
Strait Islander and refugee backgrounds, remain a key fo-
cus. They also include cohorts from randomized-
controlled trials, largely in clinical populations, that have
extended follow-up for analysis beyond the trial’s primary
focus. Beyond the 22 core cohorts, LifeCourse continues to
provide more basic support to an additional 11 studies
(Supplementary Table S1, available as Supplementary data
at IJE online) that were engaged early in the inception of
the initiative and remain scientifically significant but re-
flect different study designs (e.g. tissue banks, cross-
sectional surveys, cohort consortia) or have more restricted
data access.

LifeCourse aims to enable local and international
researchers to capitalize on the availability of these exten-
sive cohort data to advance understanding of health issues
emerging over the life course. This includes an ongoing fo-
cus on addressing the major barriers to cross-cohort re-
search, translated into four interrelated platform goals
(Figure 1):

i. Promoting data discoverability by curating browsable
and searchable metadata, allowing researchers to eas-
ily identify relevant data available within and across
cohorts.

ii. Facilitating data reuse by providing a central gate-
way for data access requests, which optimizes effi-
ciency on the applicant side and ensures that all
ethical and governance requirements are upheld for
cohort custodians.

iii. Promoting prospective harmonization by providing
guidance on common measurement tools and facilitat-
ing the collection of aligned cohort data around key
initiatives.

iv. Creating opportunities for connection and synergy
through a range of ‘meeting places’, including linking

researchers to methodological expertise in the partner-
ing statistical group.

The outcomes of these efforts include a growing pro-
gramme of research focused on mental health, cardiometa-
bolic health and immune-related conditions, strengthened
through the use of cross-cohort methodologies enabled by
the platform.

Data collected

Across the 22 core cohorts (Table 1), data have been col-
lected via surveys (e.g. web-based questionnaires), biosam-
ples (e.g. blood), imaging (e.g. functional magnetic
resonance imaging; fMRI), direct assessments (e.g. dental
check), records abstraction (e.g. medical records) and data
linkage (e.g. academic testing) (Table 1). There is consider-
able measurement consistency across outcomes and expo-
sures relevant to focal areas of mental health (e.g.
symptom inventories), cardiovascular health (e.g. obesity)
and immune responses and related conditions (e.g. allergic
diseases; Table 2). In 2020-2021, over half of the cohorts
also rapidly adapted to collecting data on the direct (e.g.
infection) and indirect (e.g. mental health) impacts of
COVID-19.

Collation of metadata

To maximize discoverability of these participant data for
researchers, the LifeCourse platform collates standardized
study metadata for presentation on a publicly accessible web-
site  (https://lifecourse.melbournechildrens.com). Indexing
rich metadata is critical to making cohort data Findable,
Accessible, Interoperable and Reusable (the FAIR frame-
work'®) and aligns to the principle of Open Materials
whereby details of a study’s design and measures are publicly
accessible."”

Study metadata are organized at several levels
(Figure 2). At the highest level, description of key design
features, such as the year established and number of par-
ticipants, is provided in a standardized format. At a more
detailed level, measures captured within each wave of
data collection are described according to a common ter-
minology (Systematized Nomenclature of Medicine;
SNOMED?%) and organized into content domains.
SNOMED currently covers 80% of the concepts captured
across LifeCourse cohorts and terms have been systemati-
cally developed for remaining gaps in areas such as educa-
tion and childcare.”' Using this standardized system of
description provides consistency with international stand-
external of data

ards and facilitates comparisons

availability.
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Table 1 Features of core longitudinal cohorts supported by the LifeCourse platform

Cohort name N Primary study Sampling frame Year Age range Number of Study focus Data acquisition Protocol
type commenced (years) data collection or illus-
waves Surveys Bio Imaging Data trative
samples linkage  Loference
AQUA: Asking 2146 Cohort Women attending one of seven 2011 0-8 7 Alcohol consumption Y Y Y Y 37
Questions about antenatal clinics in 2011-12 during pregnancy
Alcohol in who were <19 weeks’ preg- and health and de-
Pregnancy Study nant with a single baby velopment of index
child at birth and
over childhood
AREST CF 168 Case—control  The longitudinal inception co- 2006 0-8 Varies by case/ Assessment, treatment Y Y Y - 38
(Australian hort consists of children di- control and and prevention of
Respiratory Early agnosed with CF and sub-study cystic fibrosis lung
Surveillance Team recruited before 12 weeks of involvement disease in young
for Cystic Fibrosis) age. The repeated cross-sec- children
Early Surveillance tional cohort consists of chil-
Program: dren diagnosed with CF aged
Detection of early 6 years and under. Control
lung disease in groups were also recruited
cystic fibrosis
ART Studies: Review Mothers: 1524,  Case—control ~ ART mothers: traced from 2008 18-35 2 Health and develop- Y - - - 3
of the health of young clinic database (Melbourne ment of young adults
adults conceived adults: 1096 IVF and Monash IVF in born with and with-
with and without Victoria, Australia). Non- out assisted
Assisted ART mothers: population- conception
Reproductive based controls recruited by
Technologies random digit dialling (house-
holds in Victoria, Australia).
ART and non-ART young
adults: approached with ma-
ternal consent
Australian ATP: 2443; Longitudinal A representative sample of fam- 1983 ATP: 0-38, 15 (ATP),5  Social-emotional devel- Y Y Y Y 40
Temperament ATPG3: cohort ilies with a 4- to 8-month- ATPG3: 0- (ATPG3) opment from infancy
Project (ATP)/ 1167 old child attending maternal 12 to adulthood, and
Generation 3 and child health centres transgenerational
(ATPG3) across 20 local government (pre-conception)
areas in Victoria were determinants of in-
recruited and followed every fant mental health,
2 years across childhood and attachment and
adolescence and every wellbeing
3 years across young adult-
hood. In 2012, the study
(Continued)
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Table 1 Continued

Cohort name N Primary study Sampling frame Year Age range Number of Study focus Data acquisition Protocol
type commenced (years) data collection or illus-

waves Surveys Bio Imaging Data trative
samples linkage  |eference

expanded to a third genera-
tion by recruiting offspring
born to original ATP partici-
pants and their partners

Baby Biotics 167 RCT Infants aged 0-3 months with 2011 0-1 7 Effect of probiotic Y Y - - 4
infant colic. Recruitment Lactobacillus reuteri
was from a range of services on infant colic and
widely used by and readily maternal mental
accessible to parents seeking health and family
medical advice regarding functioning. Long-
their crying babies in term outcomes of
Melbourne, Australia, fol- colic
lowed up at 3 years
Barwon Infant Study 1074 Longitudinal ~ Antenatal recruitment of eligi- 2010 0-11 12 An investigation into Y Y Y Y 42
(BIS) cohort ble women from two hospi- the early-life origins
tals in the Barwon region of of a range of non-
Victoria (at 28 weeks’ communicable dis-
gestation) eases in the modern
environment
Children’s Attention 497 Case—control  CAP: Grade 1 children with 2011 7-13 5 ADHD with a range of Y Y Y Y 43,44
Project (CAP) and and without ADHD, outcomes: mental
Neuroimaging of recruited across 43 socio- health, academic,
the Children’s economically diverse govern- family and child
Attention Project ment primary schools across wellbeing, quality of
sub-study (NICAP) Melbourne, Australia. life

NICAP: Recruited from CAP
cohort, with equal number
of cases and controls

Childhood to 1239 Longitudinal ~ All Grade 3 students (8-9 years 2012 8-17 10 The health and emo- Y Y Y Y
Adolescence cohort of age) from a stratified clus- tional development
Transition Study ter sample of schools in of children as they
(CATS) Melbourne, Australia were pass through pu-
invited to take part berty, the middle

years of school and
the transition to high

school
COBRA: Childhood 500 Cohort Presentation to the specialist 2009 2-18 2 To develop a unique Y Y - - 45
Overweight weight management service biorepository of data

(Continued)
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Table 1 Continued

Cohort name N Primary study Sampling frame Year Age range Number of Study focus Data acquisition Protocol
type commenced (years) data collection or illus-
waves Surveys Bio Imaging Data trative
samples linkage  |eference
BioRepository of at The Royal Children’s and biological sam-
Australia Hospital ples from overweight
and obese children
Early Language in 1910 Longitudinal ~ Maternal and child health 2003 0-20 14 Speech and language Y Y Y Y 46
Victoria Study cohort nurses approached all development from
(ELVS) parents of babies aged 8- infancy to adulthood
10 months within six local
government areas of
Melbourne, Australia
HealthNuts 5300 Longitudinal ~ 12-month-old infants present- 2007 1-15 4 Understanding the nat- Y Y Y Y 4
cohort ing for routine scheduled ural history and
vaccination at local govern- determinants of al-
ment-led immunization clin- lergic disorders in-
ics across Melbourne, cluding food allergy,
Australia asthma, eczema and
hay fever
International Youth 5769 Longitudinal A two-stage cluster sample de- 2002 9-28 9 Risk and protective fac- Y - - Y 27
Development cohort sign was used to recruit stu- tors of healthy and
Study (IYDS) dents in Victoria, Australia problem behaviours
and Washington State, USA in young people, and
how differences in
Australian and US
cultures and schools
affect youth
development
Longitudinal Study of 1874 Biophysical ~ LSAC had a two-stage clustered 2004 0-18 One module  LSAC is Australia’s Y Y Y Y 47
Australian module sampling design, randomly within multi- largest and only na-
Children’s Child within longi- selecting 10% of all wave study tionally representa-
Health CheckPoint tudinal Australian postcodes (strati- tive children’s
(LSAC cohort fied by state and urban/ru- longitudinal study.
CheckPoint) ral), then children registered The cohorts are fol-
in Medicare Australia’s data- lowed with a broad
base and aged 3-19 months focus including
(B cohort) or 4-5 years old health and develop-
(K cohort). B cohort families ment, education,
who completed a Wave 6 in- family and parenting
terview were invited into characteristics and
CheckPoint socio-economic
(Continued)
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Table 1 Continued

Cohort name N Primary study Sampling frame Year Age range Number of Study focus Data acquisition Protocol
type commenced (years) data collection or illus-
waves Surveys Bio Imaging Data trative
samples linkage  |eference
environment.
LSAC’s Child Health
CheckPoint is a one-
off physical health
and biospecimens
module for the B co-
hort children and
parents
Melbourne Infant 1272 RCT Pregnant women attending par- 2013 0-5 16 To assess the effect of Y Y Y - 48
Study: BCG for ticipating antenatal clinics in neonatal BCG (tu-
Allergy and Melbourne and Geelong berculosis) vaccina-
Infection were approached to partici- tion on clinical
Reduction (MIS pate. Pregnant women or allergy and infection
BAIR) mothers interested in joining outcomes over the
the study but not being cared first 5 years of life
for at a study maternity site
were also enrolled
Memory Maestros Whole cohort: RCT Observational cohort: children 2012 5-9 5 Development of work- Y Y - Y +
1802. RCT: in grade 1 classrooms from ing memory in
452 44 schools in metropolitan children
Melbourne (Australia). RCT:
those children from the ob-
servational cohort screened
as having low working
memory
Mothers’ and Young 1507 Longitudinal ~ Prospective pregnancy cohort 2003 0-18 15 Maternal mental health Y - - - 30
People’s Study cohort of first-time mothers and and wellbeing, child
(MYPS) their first-born children health and wellbeing
recruited at six public hospi- from birth to age
tals in Melbourne 18 years and inter-
generational impacts
of exposure to inti-
mate-partner
violence
Peri/post-natal 250 twin pairs  Longitudinal ~Women attending multiple- 2007 0-11 7 Investigating whether Y Y Y Y 3
Epigenetic Twins cohort pregnancy clinics at three epigenetic markers
Study (PETS) Melbourne hospitals (Royal measured at birth
Women’s Hospital, Monash and early life can
(Continued)
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Table 1 Continued

Cohort name N Primary study Sampling frame Year Age range Number of Study focus Data acquisition Protocol
type commenced (years) data collection or illus-
waves Surveys Bio Imaging Data trative
samples linkage  |eference
Medical Centre, Mercy provide clues to the
Hospital for Women) who causal links between
were at 18-22 weeks’ intrauterine expo-
gestation sures influencing
perinatal phenotype
and the risk of
chronic cardiometa-
bolic and neurodeve-
lopmental diseases
later in life
right@home 736 RCT Pregnant women attending an- 2013 0-7 17 Promoting equity in Y Y - Y 52
tenatal clinics in select children’s early
Victorian and Tasmanian learning and devel-
regions with 2 or more of 10 opment for families
risk factors experiencing high
levels of adversity
Triple B: The Triple B 1623 Longitudinal ~Women attending antenatal 2009 0-8 8 Effects of substance use Y Y - Y 33
Pregnancy Cohort cohort services attached to major and mental health
Study (Bumps, hospitals, and specialist drug during pregnancy in
Babies and and alcohol antenatal serv- women and partners
Beyond) ices, in NSW and WA on infant develop-
ment and family
functioning
Victorian Adolescent VAHCS: 2032;  Longitudinal ~VAHCS: representative sample 1992 VAHCS: 14- 11 (VAHCS), 4 Mental and physical Y Y - Y 4
Health Cohort VIHCS: cohort of mid-secondary school 35, VIHCS: (VIHCS) health problems and
Study (VAHCS)/ 1026 adolescents (aged 14— 0-8 risk behaviours in
Victorian 15 years) across Victoria the adolescent-to-
Intergenerational (Australia) were selected us- adulthood transition
Health Cohort ing a two-stage cluster sam- and the role of pre-
Study (VIHCS) pling procedure. VIHCS: all conception factors in
active members of VAHCS outcomes of the next
who reported having a child generation
between the recruitment
phases (2006 and 2014)
VicCHILD: Victorian 1000 Register with  Victorian children with perma- 2012 0-18.5 6 Advancing understand- Y Y - Y 33
Childhood longitudinal nent hearing loss. Since ing of hearing loss
Hearing data 2012, recruitment has been
Impairment collection through the Victorian Infant
(Continued)
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Table 1 Continued

Protocol

Data acquisition

Study focus

Number of
data collection

Age range

Sampling frame Year

Primary study

Cohort name

or illus-

(years)

commenced

type

Bio Imaging Data trative
linkage

samples

Surveys

waves

reference

Hearing Screening Program.
Since 2016, additional re-

Longitudinal
Databank

cruitment has been through a

paediatric hearing clinical

service

56

To assess the role of

0-6

Randomly selected council-run 2014

RCT

2681

VITALITY: Primary

post-natal vitamin D

immunization sessions, ma-

prevention of in-

supplementation for

ternal and child health nurse

fant food allergy:
an RCT of post-

the prevention of in-

sessions, and online across

fant food allergy,

Melbourne, Australia

natal vitamin D

lower respiratory

supplementation

infections and

eczema

Yes. ADHD, attention-deficit/hyperactivity disorder; RCT, randomized—controlled trial. For further details and updates since the time of submission, see https:/lifecourse.melbournechildrens.com/cohorts/.

Y =

Prospective harmonization

Using identical measures and procedures across studies
avoids the need to introduce assumptions about the
equivalence of different measures or item sets during
data pooling. However, this needs to be balanced with
the potential consequences of overly prescriptive
approaches.”” For example, many scales are not easily
transferable across settings, such as from the clinical to
community contexts.

LifeCourse facilitates the use of a common set of well-
validated measures during the survey design phase where
appropriate, such as through our measurement library
(https:/ifecourse.melbournechildrens.com/measurement-
library/) while recognizing the need for study-specific
approaches in many instances. In the COVID-19 context,
for example, a number of cohorts collected aligned data
from the CoRonavIruS health and Impact Survey
(CRISIS)*® as well as specialized scales tailored to their
own needs. This balance between common and study-
specific measures enables cohorts to continue building
their specialized research programmes while simulta-
neously facilitating cross-cohort research approaches to
address shared questions. Harmonized protocols for the
collection and analysis of biosamples have also proved
advantageous, such as collaborative genotyping and epi-
genotyping of participants across cohorts.

Data resource use

Each cohort has a vibrant individual programme of re-
search aligning to their scientific agenda and benefitting
from nuanced, study-specific data. Beyond the significant
contributions of individual cohorts, a programme of re-
search working across cohorts is increasingly emerging
that addresses a shared interest in pathways leading to
mental health, cardiometabolic health and immune-
related conditions. The LifeCourse cohorts have col-
lected particularly rich data in these domains (Table 2),
allowing cross-cohort investigations within and at the
intersections of these research streams, including in the
COVID-19 context. This facilitated by
LifeCourse’s efforts to enable data discoverability and

work is

access, promote prospective data harmonization and
connect researchers across disciplinary boundaries.
Below we outline illustrative examples of research using
cross-cohort approaches in each of these key areas.

Both this cross-cohort research and that of individual
cohorts are strengthened by the ongoing partnership be-
tween LifeCourse and the Melbourne Children’s campus
Clinical Epidemiology and Biostatistics Unit (CEBU),
which provides cohort researchers with access to
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Individual cohorts

Each cohort independently managed with
own program of research in focal area/s

| Cohort ‘ | Cohort ] ‘ Cohort ‘

[ [

LifeCourse infrastructure

—~ Q0 —~000 — @-

Metadata
curation

Centralised data
access requests

®"‘®

Prospective

harmonisation

Community of
practice |

* Mental health
* Cardiometabolic health
* Immune-related conditions

Synergistic research program employing cross-cohort approaches

Intersections between research
streams
Impacts of COVID-19

Figure 1 Overview of the LifeCourse initiative

cutting-edge methodological approaches. The CEBU meth-
odological hub specializes in the development of novel
methods and guidance in statistical areas that are key for
longitudinal cohort studies, such as causal inference,'" as
well as providing collaboration, open resources such as for
analysis planning®* and training workshops. This is partic-
ularly relevant when using cross-cohort approaches, where
new methodological challenges can arise.

Mental health

The complex origins of mental health and illness emerge in
the earliest periods of life and over two-thirds of core
LifeCourse cohorts have tracked key exposures from in-
fancy (Table 1). This has enabled investigation of the repli-
cability of effects in the context of what are expected to be
complex, multi-determined pathways to mental health and
illness over long time spans.>® A particularly long temporal
perspective is offered by two transgenerational cohorts
tracking offspring of the original index child (Australian
Temperament Project Generation 3 and Victorian
Intergenerational Health Cohort Study). Strongly aligned
protocols across these two studies have allowed intergen-
erational cycles of mental health to be explored in pooled
data analyses.?® The availability of biosamples, such as co-
ordinated extraction of genetic and epigenetic data from
LifeCourse cohorts with well-aligned, repeated assessments
of social-emotional development, is allowing investigation
of the mechanisms that

biological underpin these

developmental pathways. International collaborations are
progressing cross-national comparisons of intergenera-
tional effects,”” the influence of differing school policies®®
and the natural history of positive mental health and

wellbeing.*’

Cardiometabolic health

Cardiometabolic disease as used herein refers to cardiovas-
cular disease resulting from metabolic syndrome and its
risk factors obesity and diabetes, and remains the leading
cause of mortality worldwide. Following recent paradigm
shifts, cardiometabolic disease is now conceptualized as a
chronic inflammatory condition that develops from early
life onwards, manifesting as progressive clinical disease
predominantly in adulthood.?” LifeCourse provides an op-
portunity to investigate the early exposures and pre-clinical
risk phenotypes for cardiometabolic disease, with in-depth
phenotypic measures from birth to adulthood. Almost all
LifeCourse cohorts contain some data relevant to the early
origins of cardiometabolic health, such as (i) non-invasive
assessments of pre-clinical large arterial vascular pheno-
types (e.g. blood pressure, arterial stiffness and intima-
media thickness, IMT); (ii) microvascular parameters; (iii)
anthropometry and body composition; and (iv) circulating
biomarkers of metabolic health and inflammation. Work is
underway across LifeCourse and international cohorts to
investigate how inflammation across the life course pre-
dicts these cardiometabolic phenotypes.
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Table 2 Data captured by core LifeCourse cohorts across key research streams

Cohort name

Demographics

Mental health  Cardiometabolic Immune-related COVID-19

(e.g. gender, age,  (e.g. symptom health conditions impacts
socio-economic inventories, (e.g. risk and (e.g. allergies (e.g. infection,
position) diagnosis) protective and eczema, financial
factors, direct inflammatory impacts)
assessments) biomarkers)
AQUA: Asking Questions about Alcohol in Y Y Y - -
Pregnancy Study
AREST CF (Australian Respiratory Early Y Y Y Y -
Surveillance Team for Cystic Fibrosis) Early
Surveillance Program: Detection of early
lung disease in cystic fibrosis
ART Studies: Review of the health of adults Y Y Y Y -
conceived with and without Assisted
Reproductive Technologies
Australian Temperament Project (ATP)/ Y Y Y Y Y
Generation 3 (ATPG3)
Baby Biotics Y Y - Y -
Barwon Infant Study (BIS) Y Y Y Y Y
Children’s Attention Project (CAP) and Y Y Y - -
Neuroimaging of the Children’s Attention
Project sub-study (NICAP)
Childhood to Adolescence Transition Study Y Y Y Y Y
(CATS)
COBRA: Childhood Overweight Y Y Y Y -
BioRepository of Australia
Early Language in Victoria Study (ELVS) Y Y Y - Y
HealthNuts Y Y Y Y Y
International Youth Development Study Y Y Y - -
(IYDS)
Longitudinal Study of Australian Children’s Y Y Y Y -
Child Health CheckPoint (LSAC
CheckPoint)
Memory Maestros Y Y Y - -
Melbourne Infant Study: BCG for Allergy and Y Y Y Y Y
Infection Reduction (MIS BAIR)
Mothers” and Young People’s Study (MYPS) Y Y Y - Y
Peri/post-natal Epigenetic Twins Study (PETS) Y Y Y Y Y
right@home Y Y Y - Y
Triple B: The Triple B Pregnancy Cohort Study Y Y Y - Y
(Bumps, Babies and Beyond)
Victorian Adolescent Health Cohort Study Y Y Y - Y
(VAHCS)/Victorian Intergenerational Health
Cohort Study (VIHCS)
VicCHILD: Victorian Childhood Hearing Y Y - - Y
Impairment Longitudinal Databank
VITALITY: Primary prevention of infant food Y Y Y Y Y

allergy: a randomized—controlled trial of

post-natal vitamin D supplementation

Y = Yes.

Immune-related conditions

Immune dysregulation and inflammation are not only inte-
gral to common childhood conditions such as infection
and allergic diseases, but also increasingly recognized as

key mechanisms in the development of a range of adult
non-communicable diseases, including mental health and
cardiometabolic disease.>! Over half of the LifeCourse
cohorts contain data relevant to immune health and these
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Figure 2 Standardized presentation of study-level and measure-level metadata on the LifeCourse website. Images taken with permission from https://

lifecourse.melbournechildrens.com.

data are being used to understand how early-life exposures
can drive immune dysregulation. For example, aligned data
from the Barwon Infant Study (BIS) and the Longitudinal
Study of Australian Children Child Health CheckPoint
(LSAC CheckPoint) has demonstrated that children’s expe-
riences of adversity relate to GlycA, an inflammatory bio-
marker, in both mid and late childhood.?* Allergy has also
been a major focus of LifeCourse, which includes several in-
ternationally renowned cohorts established to investigate
these conditions. For example, data from the HealthNuts
and BIS cohorts have been used to compare allergy preva-
lence estimates across regional and metropolitan areas,®?
whereas HealthNuts and LSAC CheckPoint have found in-
consistent associations between caesarean delivery and
asthma, and a negligible association with eczema.>*

COVID-19

The need to capture the direct and indirect effects of the
COVID-19 pandemic for children and adolescents has pro-
vided further impetus for crossing traditional disciplinary
boundaries. Longitudinal studies established prior to the
pandemic are optimally positioned to show how COVID-
19 may have impacted life-course trajectories.”® The
COVID-Wellbeing working group has been formed to map
pre-pandemic risk and resilience factors for mental health

outcomes across the distinct populations of children and
young people captured by LifeCourse cohorts. Collection
of these data in a number of biomedically focused cohorts
will allow examination of the interplay of social and
biological factors. Findings will be used to inform the
targeting of prevention and intervention efforts in the post-
pandemic recovery period.

Strengths and weaknesses

Beyond the quality, scope and richness of the underlying
cohorts themselves, strengths of the LifeCourse initiative
include the availability of richly described and structured
cohort metadata, a common approach to data access
requests and alignment of key data including for bioassays
with many conducted in a single extraction on the same
platform (e.g. metabolomics). This provides efficiency,
comparability and feasibility in the use of these data, en-
hancing their value for promoting life-course health. This
underlying infrastructure is further enhanced by partnering
with methodologists and providing a range of other spaces
fostering collaboration, driving the intellectual and human
capital needed to make best use of these data.
Nevertheless, there are still a range of areas for further
development. Making the process through which metadata
are collated as simple and efficient as possible is key to
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improving accuracy and reducing time lags in the presenta-
tion of new metadata, such as in the COVID-19 context
where many cohorts simultaneously pivoted to collecting
data with time-critical applications. Raising the quality
and comprehensiveness of the underpinning documenta-
tion in individual cohorts would further improve efficiency
of metadata collation, which otherwise becomes progres-
sively harder to remediate for long-running studies.*®
Work is currently underway to develop best-practice data
management templates and guides specific to the cohort
context. The integration of required LifeCourse metadata
fields into these templates will significantly enhance the
ongoing sustainability of the platform.

Despite a central process for data access requests (out-
lined below), we do not yet have an integrated process
through to data transfer. This is undertaken by the custo-
dians of individual cohorts with varying processes and
requirements aligning to their different governance struc-
tures and participant consents. We continue to work to-
wards addressing ethics and governance barriers (e.g.
promoting use of participant consents that allow appropri-
ate data reuse) as well as technical infrastructure to support
FAIR data provision. For example, the integrated data plat-
form currently in development for the Generation Victoria
‘mega-cohort’ has the potential to support other studies in
future, with enhanced features such as direct data browsing
and a secure research environment for analyses. The ongo-
ing efforts of LifeCourse to promote data discoverability
and accessibility are critical to ensuing cohorts’ readiness to
engage with such opportunities in future.

Finally, there are barriers to achieving these ambitions
that are outside the immediate control (but perhaps in the
sphere of influence) of LifeCourse and other such plat-
forms. In moving towards Open Data, there must be mech-
anisms to acknowledge the teams responsible for data
generation and to value this as an academic contribution
without which the ensuing knowledge cannot accrue. The
research community should be ambitious in addressing this
fundamental issue rather than trying to curtail the efficient
and ethical reuse of existing cohort data.’” Undertaking
the types of cross-cohort research enabled by the platform
typically requires more resourcing than single-cohort anal-
yses, including in terms of biostatistical expertise, and so
funding structures may also require review to appropri-
ately resource this work and develop workforce capacity.

Data resource access

Community of practice

LifeCourse is designed to facilitate collaborations and en-
gage new data users from within and beyond the Melbourne

Children’s Campus. LifeCourse hosts a range of meeting
places that provide space for new connections and collabo-
rations to thrive (find out more at https://lifecourse.melbour
nechildrens.com and contact lifecourse@mcri.edu.au to join
our mailing lists). Researchers not only benefit through syn-
ergistic research collaborations but can also deepen their
collective expertise by sharing knowledge and experience
about common issues.

Centralized data access requests

To reduce logistical barriers to data access, LifeCourse acts
as a liaison connecting data users and custodians.
Applicants are invited to complete an initial enquiry
through a central gateway (https:/lifecourse.melbournechil
drens.com/data-access/), requiring preliminary information
on the team, primary research question and cohort/s of in-
terest. LifeCourse confirms the in-principle feasibility of
the request with the relevant cohort/s, after which an appli-
cation is submitted with full details of the project and data
and/or samples required. To overcome variations in gover-
nance structures across cohorts, cohort custodians retain
decision-making responsibility and undertake the transfer
of data and/or samples. Applications are assessed by
cohorts for criteria such as (i) feasibility given the available
data (e.g. quality issues with the data requested); (ii) con-
sistency with ethical requirements (e.g. limits of participant
consents); (iii) appropriateness for the purpose and strate-
gic plans of the cohort (e.g. redundancy with research al-
ready underway); and (iv) scientific quality.

Notes

The LifeCourse Cohort Investigators: Valerie Sung'™;
Emma Sciberras*; Sheena Reilly’; John W Toumbourou™®®;
Kirsten P Perrett">’; Catherine Marraffa>%; Angela
Guzys'; Jennifer ] Koplin'%; Stephanie ] Brown®”; Gehan
Roberts"*?; Jon Quach®'%; Tim J. Silk"*; Avihu Boneh"-%;

2,4,6,11,
>

Delyse Hutchinson Evelyne Muggli®* Sharon

Lewis™>!?

"Murdoch Children’s Research Institute, Melbourne,
Australia; “Department of Paediatrics, The University of
Melbourne, Melbourne, Australia; *Centre for Community
Child Health, Royal Children’s Hospital, Melbourne,
Australia; *Centre for Social and Early Emotional
Development, School of Psychology, Faculty of Health,
Deakin SGriffith  University,
Queensland, Australia; ®Centre for Adolescent Health,
Murdoch  Children’s

Australia; "Department of Allergy and Immunology, Royal

University, Australia;

Research Institute, Melbourne,

Children’s Hospital, Melbourne, Australia; *Department
of Neurodevelopment and Disability, Royal Children’s


https://lifecourse.melbournechildrens.com
https://lifecourse.melbournechildrens.com
https://lifecourse.melbournechildrens.com/data-access/
https://lifecourse.melbournechildrens.com/data-access/

e242

International Journal of Epidemiology, 2022, Vol. 51, No. 5

Hospital, Melbourne, Australia; *Intergenerational Health,
Murdoch  Children’s
Australia; '®Melbourne Graduate School of Education,

Research Institute, Melbourne,
The University of Melbourne, Melbourne, Australia;
"National Drug and Alcohol Research Centre, Faculty of
Medicine, University of New South Wales, Sydney,
Australia; Murdoch
Children’s Research Institute, Melbourne, Australia.

12Reproductive  Epidemiology,

Ethics approval

Ethics approvals for the studies described are managed by each indi-
vidual study team, across a range of human research ethics
committees.

Author contributions

M.O’C. undertook primary drafting for most of the manuscript.
M.M.-B. drafted and provided oversight for statistical/methodologi-
cal components of the manuscript. C.O. and D.B. drafted specific
sections of the manuscript and provided senior supervision for this
work. All authors reviewed the manuscript and provided important
intellectual content. The LifeCourse Cohort Investigators ensured
accurate description of their cohort.

Supplementary data

Supplementary data are available at IJE online.

Funding

The Melbourne Children’s LifeCourse platform is funded by the
Royal Children’s Hospital Foundation grant #2018-984, which
includes support for M.O’C. M.M.-B. is the recipient of an
Australian Research Council Discovery Early Career Researcher
Award (project number DE190101326) funded by the Australian
Government. S.G. is supported by Australian National Health and
Medical Research Council (NHMRC) Practitioner Fellowship
(1155290). C.O. is supported by an NHMRC Investigator Grant
(APP1175086). D.B. is supported by an NHMRC Investigator
Grant (1175744). M.W. is supported by an NHMRC Principal
Research Fellowship (1160906). Research at the Murdoch
Children’s Research Institute is supported by the Victorian
Government’s Operational Infrastructure Program. The views
reported in this paper are those of the authors only.

Acknowledgements

LifeCourse is a collaboration between the MCRI, the University of
Melbourne and the Royal Children’s Hospital, located at MCRI.
We acknowledge all collaborators who have contributed to
LifeCourse, especially cohort data custodians and their participants,
and our LifeCourse funders, the Royal Children’s Hospital
Foundation. LifeCourse is a collaborative effort and we would like
to thank everyone involved for their ongoing engagement and sup-
port. Special thanks to MCRI Director Kathryn North; past
LifeCourse Convenors Katie Allen, Melissa Wake and Leanne
Mills; LifeCourse Infrastructure Convenor Andrew Sinclair; the

LifeCourse Infrastructure Team Anna Duncan and Tehani Paiva;
past Project Managers William Siero and Gabriella Tikellis; and
other critical contributors, including John Carlin, Luke Stevens,
Marnie Downes, Michael Poidinger, Justine Ellis and Ben Ong.

Conflict of interest

None declared.

References

1. Palfrey JS, Tonniges TF, Green M, Richmond J. Addressing the
millennial morbidity: the context of community pediatrics.
Pediatrics 2005;115:1121-23.

2. Ng M, Fleming T, Robinson M et al. Global, regional, and na-
tional prevalence of overweight and obesity in children and
adults during 1980-2013: a systematic analysis for the Global
Burden of Disease Study 2013. Lancer 2014;384:766-81.

3. Patel V, Flisher AJ, Hetrick S, McGorry P. Mental health of
young people: a global public-health challenge. Lancet 2007,
369:1302-13.

4. Koplin JJ, Wake M, Dharmage SC et al.; HealthNuts study
group. Cohort profile: the HealthNuts study: population preva-
lence and environmental/genetic predictors of food allergy. Int |
Epidemiol 2015;44:1161-71.

5. Tikellis G, Dwyer T, Paltiel O et al.; the International Childhood
Cancer Cohort Consortium. The International Childhood
Cancer Cohort Consortium (I14C): a research platform of pro-
spective cohorts for studying the aetiology of childhood cancers.
Paediatr Perinat Epidemiol 2018;32:568-83.

6. Goldfeld S, O’Connor M, Chong S et al. The impact of multidi-
mensional disadvantage over childhood on developmental out-
comes in Australia. Int | Epidemiol 2018;47:1485-96.

7. Nicholson J, Lucas N, Berthelsen D, Wake M. Socioeconomic in-
equality profiles in physical and developmental health from 0-7
years: Australian national study. | Epidemiol Community
Health 2012:66:81-87.

8. The Lancet. Generation coronavirus? Lancet 2020;395:1949.

9. Reiner RC, Olsen HE, Ikeda CT et al.; GBD 2017 Child and
Adolescent Health Collaborators. Diseases, injuries, and risk fac-
tors in child and adolescent health, 1990 to 2017: findings from
the Global Burden of Diseases, Injuries, and Risk Factors 2017.
JAMA Pediatr 2019;173:190337.

10. Shonkoff JP, Boyce WT, McEwen BS. Neuroscience, molecular
biology, and the childhood roots of health disparities: building a
new framework for health promotion and disease prevention. |
Am Med Assoc 2009;301:2252-59.

11. Moreno-Betancur M. The target trial: a powerful device beyond
well-defined interventions. Epidemiology 2021;32:291-94.

12. Hernan MA. Methods of public health research-strengthening
causal inference from observational data. N Engl ] Med 2021;
385:1345-48.

13. Curran PJ, Hussong AM. Integrative data analysis: the simulta-
neous analysis of multiple data sets. Psychol Methods 2009;14:
81-100.

14. Schmidt S. Shall we really do it again? The powerful concept of
replication is neglected in the social sciences. Rev Gen Psychol
2009;13:90-100.


https://academic.oup.com/ije/article-lookup/doi/10.1093/ije/dyac086#supplementary-data

International Journal of Epidemiology, 2022, Vol. 51, No. 5

e243

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

Duncan SC, Duncan TE, Hops H. Analysis of longitudinal data
within accelerated longitudinal designs. Psychol Methods 1996;
1:236-48.

O’Neill D, Benzeval M, Boyd A et al. Data resource profile:
Cohort and Longitudinal Studies Enhancement Resources
(CLOSER). Int | Epidemiol 2019;48:675-76i.

de Moira AP, Haakma S, Strandberg-Larsen K et al. The EU
Child Cohort Network’s core data: establishing a set of findable,
accessible, interoperable and re-usable (FAIR) variables. Eur |
Epidemiol 2021;36:565-80.

Wilkinson MD, Dumontier M, Aalbersberg IJ et al. The FAIR
Guiding Principles for scientific data management and steward-
ship. Sci Data 2016;3:9.

Grahe J. Another
requiring research materials for publication. | Soc Psychol 2018;
158:1-6.

Stearns MQ, Price C, Spackman KA, Wang AY. SNOMED clini-
cal terms: overview of the development process and project sta-
tus. Proc AMIA Symp 2001;662-66.

O’Connor M, Paiva T, Duncan A, Describing Data Captured in
the LifeCourse Platform Using a Standardised Terminology.
Melbourne: Murdoch Children’s Research Institute, 2021.

Patalay P, Fried EIL Prescribing measures: unintended negative

step towards scientific transparency:

consequences of mandating standardized mental health measure-
ment. | Child Psychol Psychiatry 2021;62:1032-36.

Nikolaidis A, Paksarian D, Alexander L et al. The Coronavirus
Health and Impact Survey (CRISIS) reveals reproducible corre-
lates of pandemic-related mood states across the Atlantic. Sci
Rep 2021;11:13.

Moreno-Betancur M, Analysis Plan Template for Life-Course
Cobort Studies. Melbourne: University of Melbourne, 2020.
O’Connor M, Chong S, Hutchinson D et al. Socioeconomic dis-
advantage in infancy and academic and self-regulation out-
comes. Pediatrics 2019;143:1-10.

Spry E, Moreno-Betancur M, Becker D et al. Maternal mental
health and infant emotional reactivity: a 20-year two-cohort
study of preconception and perinatal exposures. Psychol Med
2020;50:827-37.

Olsson CA, Spry E, Letcher P et al. The Australian and New
Zealand Intergenerational Cohort Consortium: a study protocol
for investigating mental health and well-being across genera-
tions. Longit Life Course Stud 2020;11:267-81.

Hemphill SA, Herrenkohl TI, Plenty SM, Toumbourou JW,
Catalano RF, McMorris BJ. Pathways from school suspension to
adolescent nonviolent antisocial behavior in students in Victoria,
Australia and Washington State, United States. ] Community
Psychol 2012;40:301-18.

O’Connor M, Arnup S, Goldfeld S ef al. Natural history of
mental health competence from childhood to adolescence.
J Epidemiol Community Health 2022;76:133-39.

Weintraub WS, Daniels SR, Burke LE, Council on Clinical
Cardiology, and Stroke Council et al. Value of primordial and
primary prevention for cardiovascular disease: a policy state-
ment from the American Heart Association. Circ 2011;124:
967-90.

Scrivo R, Vasile M, Bartosiewicz I, Valesini G. Inflammation as
‘common soil’ of the multifactorial diseases. Autoimmun Rev
2011;10:369-74.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

49.

O’Connor M, Ponsonby A-L, Collier F et al. Exposure to adver-
sity and inflammatory outcomes in mid and late childhood.
Brain Bebhav Immun Health 2020;9:100146.

Moreno-Betancur M, Koplin JJ, Ponsonby A-L, Lynch J, Carlin
JB. Measuring the impact of differences in risk factor distribu-
tions on cross-population differences in disease occurrence: a
causal approach. Int | Epidemiol 2018;47:217-25.

Liao Z, Lamb KE, Burgner D et al. No obvious impact of caesar-
ean delivery on childhood allergic outcomes: findings from
Australian cohorts. Arch Dis Child 2020;105:664-70.

Settersten RA, Bernardi L, Harkonen J et al. Understanding the
effects of Covid-19 through a life course lens. Adv Life Course
Res 2020;45:1-11.

Butters OW, Wilson RC, Burton PR. Recognizing, reporting and
reducing the data curation debt of cohort studies. Int |
Epidemiol 2020;49:1067-74.

Weston SJ, Ritchie SJ, Rohrer JM, Przybylski AK.
Recommendations for increasing the transparency of analysis of
preexisting data sets. Adv Methods Pract Psychol Sci 2019;2:
214-27.

Muggli E, Halliday J, Elliott EJ et al. Cohort profile: early school
years follow-up of the Asking Questions about Alcohol in
Pregnancy Longitudinal Study in Melbourne, Australia (AQUA
at 6). BMJ Open 2022;12:¢054706.

Stick SM, Brennan S, Murray C, Australian Respiratory Early
Surveillance Team for Cystic Fibrosis (AREST CF) et al.
Bronchiectasis in infants and preschool children diagnosed with
cystic fibrosis after newborn screening. | Pediatr 2009;155:
623-28.el.

Wilson C, Hammarberg K, Bruinsma F ef al. Health and devel-
opment of ART conceived young adults: a study protocol for the
follow-up of a cohort. Reprod Health 2013;10:15.

Vassallo S, Sanson A. The Australian Temperament Project: The
First 30 Years. Melbourne: Australian Institute of Family
Studies, 2013.

Sung V, Hiscock H, Tang M et al. Probiotics to improve out-
comes of colic in the community: protocol for the Baby Biotics
randomised controlled trial. BMC Pediatr 2012;12:135.
Vuillermin P, Saffery R, Allen KJ et al. Cohort Profile: The
Barwon infant study. Int | Epidemiol 2015;44:1148-60.
Sciberras E, Efron D, Schilpzand EJ et al. The Children’s Attention
Project: a community-based longitudinal study of children with
ADHD and non-ADHD controls. BMC Psychiatry 2013;13:18.
Silk TJ, Genc S, Anderson V et al. Developmental brain trajecto-
ries in children with ADHD and controls: a longitudinal neuro-
imaging study. BMC Psychiatry 2016;16:9.

Sabin MA, Clemens SL, Saffery R et al. New directions in child-
hood obesity research: how a comprehensive biorepository will
allow better prediction of outcomes. BMC Med Res Methodol
2010;10:100.

Reilly S, Cook F, Bavin EL et al. Cohort profile: The Early Language
in Victoria Study (ELVS). Int | Epidemiol 2018;47:11-20.

Clifford S, Davies S, Wake M; Child Health CheckPoint Team.
Child Health CheckPoint: cohort summary and methodology of
a physical health and biospecimen module for the Longitudinal
Study of Australian Children. BMJ Open 2019;9:3-22.

Messina NL, Gardiner K, Donath S ez al. Study protocol for the
Melbourne Infant Study: BCG for Allergy and Infection



e244

International Journal of Epidemiology, 2022, Vol. 51, No. 5

50.

51,

52.

53.

Reduction (MIS BAIR), a randomised controlled trial to deter-
mine the non-specific effects of neonatal BCG vaccination in a
low-mortality setting. BMJ Open 2019;9:e032844.

Roberts G, Quach J, Gold L et al. Can improving working mem-
ory prevent academic difficulties? A school based randomised
controlled trial. BMC Pediatr 2011;11:57.

Brown SJ, Gartland D, Woolhouse H et al. The maternal health
study: study design update for a prospective cohort of first-time
mothers and their firstborn children from birth to age ten.
Paediatr Perinat Epidemiol 2021;35:612-25.

Saffery R, Morley R, Carlin B ef al. Cohort profile: the peri/post-
natal epigenetic twins study. Int | Epidemiol 2012;41:55-61.
Goldfeld S, Price A, Bryson H et al. ‘right@ home’: a randomised
controlled trial of sustained nurse home visiting from pregnancy
to child age 2 years, versus usual care, to improve parent care,
parent responsivity and the home learning environment at 2
years. BM] Open 2017;7:¢013307.

54.

55.

S6.

57.

Hutchinson D, Wilson J, Allsop S et al.; Triple B Research
Consortium. Cohort Profile: The Triple B Pregnancy Cohort
Study: a longitudinal study of the relationship between alcohol,
tobacco and other substance use during pregnancy and the health
and well-being of Australian children and families. Int |
Epidemiol 2018;47:26-27m.

Spry E, Olsson CA, Hearps SJ et al. The Victorian
Intergenerational Health Cohort Study (VIHCS): study design of
a preconception cohort from parent adolescence to offspring
childhood. Paediatr Perinat Epidemiol 2020;34:86-98.

Sung V, Smith L, Poulakis Z ef al. Data resource profile: the
Victorian Childhood Hearing Impairment Longitudinal
Databank (VicCHILD). Int | Epidemiol 2019;48:1409-10h.
Allen KJ, Panjari M, Koplin JJ et al. VITALITY trial: protocol
for a randomised controlled trial to establish the role of postnatal
vitamin D supplementation in infant immune health. BMJ Open
2015;5:e009377.



	tblfn1
	tblfn2

