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BACKGROUND: Life course studies are designed to “collect once, use multiple times” for observational and, increasingly,
interventional research. Core Outcome Sets (COS) are minimum sets developed for clinical trials by multi-stakeholder consensus
methodologies. We aimed to synthesize published COS that might guide outcomes selection for early life cohorts with an
interventional focus.
METHODS: We searched PubMed, Medline, COMET, and CROWN for COS published before January 2021 relevant to four life stages
(pregnancy, newborns, children <8 years, and parents (adults aged 18–50 years)). We synthesized core outcomes into overarching
constructs.
RESULTS: From 46 COS we synthesized 414 core outcomes into 118 constructs. “Quality of life”, “adverse events”, “medication use”,
“hospitalization”, and “mortality” were consistent across all stages. For pregnancy, common constructs included “preterm birth”,
“delivery mode”, “pre-eclampsia”, “gestational weight gain”, “gestational diabetes”, and “hemorrhage”; for newborns, “birthweight”,
“small for gestational age”, “neurological damage”, and “morbidity” and “infection/sepsis”; for pediatrics, “pain”, “gastrointestinal
morbidity”, “growth/weight”, “breastfeeding”, “feeding problems”, “hearing”, “neurodevelopmental morbidity”, and “social
development”; and for adults, “disease burden”, “mental health”, “neurological function/stroke”, and “cardiovascular health/
morbidity”.
CONCLUSION: This COS synthesis generated outcome constructs that are of high value to stakeholders (participants, health
providers, services), relevant to life course research, and could position cohorts for trial capabilities.
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● We synthesized existing Core Outcome Sets as a transparent methodology that could prioritize outcomes for lifecourse cohorts
with an interventional focus.

● “Quality of life”, “adverse events”, “medication use”, “hospitalization”, and “mortality” are important outcomes across pregnancy,
newborns, childhood, and early-to-mid-adulthood (the age range relevant to parents). Other common outcomes (such as
“birthweight”, “cognitive function/ability”, “psychological health”) are also highly relevant to lifecourse research.

● This synthesis could assist new early life cohorts to pre-select outcomes that are of high value to stakeholders (participants,
health providers, services), are relevant to lifecourse research, and could position them for future trials and interventional
capability.

INTRODUCTION
Life course studies are longitudinal population cohort studies that
take an interdisciplinary and holistic view of overall health and
social wellbeing, and aim to capture antecedents, characteristics.
and events on the path to key health outcomes.1 Designed to
“collect once, use multiple times”, they are increasingly intended
to support interventional as well as observational research and to
increase the return on investment in research.2 A strength is their
ability to address multiple hypotheses as they arise—meaning
that outcomes must effectively be specified “sight unseen”.

Therefore, if life course studies are to support the most impactful
research across multiple fields, they need to capture the highest-
utility outcomes with the greatest translational potential. How-
ever, no systematic methodology exists to prioritize outcomes
selection for life course studies. This may be particularly important
for new cohorts designing for an interventional capability because
trials require clear-cut primary and secondary outcomes that often
encompass life course constructs such as quality of life.
This problem has been addressed for clinical trials with the

advent of Core Outcome Sets (COS). COS are agreed-upon,

Received: 29 April 2021 Revised: 10 September 2021 Accepted: 9 October 2021
Published online: 17 December 2021

1Murdoch Children’s Research Institute, Parkville, VIC, Australia. 2Department of Paediatrics, The University of Melbourne, Parkville, VIC, Australia. 3Sydney School of Public Health,
The University of Sydney, NSW, Australia. 4Monash Centre of Health Research and Implementation, School of Public Health and Preventative Medicine, Monash University,
Clayton, VIC, Australia. 5Monash Endocrinology and Diabetes Units, Monash Health, Clayton, VIC, Australia. 6Liggins Institute, The University of Auckland, Grafton, Auckland, New
Zealand. ✉email: melissa.wake@mcri.edu.au

www.nature.com/pr

1
2
3
4
5
6
7
8
9
0
()
;,:

http://crossmark.crossref.org/dialog/?doi=10.1038/s41390-021-01801-2&domain=pdf
http://crossmark.crossref.org/dialog/?doi=10.1038/s41390-021-01801-2&domain=pdf
http://crossmark.crossref.org/dialog/?doi=10.1038/s41390-021-01801-2&domain=pdf
http://crossmark.crossref.org/dialog/?doi=10.1038/s41390-021-01801-2&domain=pdf
https://doi.org/10.1038/s41390-021-01801-2
mailto:melissa.wake@mcri.edu.au
www.nature.com/pr


standardized minimum sets of outcomes that should be reported
in all trials in a particular field.3 COS aim to: (1) increase the
relevance and consistency of reported outcomes; (2) facilitate
efficient research synthesis and reduce research waste; and (3)
reduce selection bias in reported outcomes.3 COS are developed
using transparent and rigorous consensus methods typically
involving multiple stakeholder groups, usually drawn from multi-
ple countries for maximal international applicability.4 Stakeholders
include patients, parents, family members, clinicians, and allied
healthcare professionals as well as researchers to ensure that
outcomes are meaningful to the end-users of the research.3 While
designed to improve the reporting of clinical trial outcomes and
enable evidence synthesis, COS are increasingly being used in
other types of research including observational studies.5,6 COS
could also provide a rigorous and transparent approach to
prioritizing and selecting outcomes for life course cohorts
planning to embed capabilities for trials.
This review explored the potential of systematically reviewing and

synthesizing COS as a means to prioritize and select outcomes for
new interventional cohorts in planning. Internationally important
cohorts commencing in the last 5 years, notably Born in Bradford
Better Start7 and ORIGINS,8 have already demonstrated the appetite
for and feasibility of embedding trials in life course cohorts. This
review was conducted ahead of Generation Victoria (GenV), a whole-
of-state cross-generational cohort in advanced planning in Victoria
(population 6.5 million in 20199), Australia. GenV intends to target all
150,000 Victorian newborns and their parents over two full years,
from late 2021, with the primary purpose of creating large, parallel
whole-of-state birth and parent cohorts for discovery and interven-
tional research (see refs. 10,11 for purpose, design, and procedures).
The process of prioritizing and selecting measures12 for GenV begins
with identifying important domains and constructs that align with
GenV’s life course frameworks,1 are not present in administrative
and clinical datasets,13 and could support interventional as well as
observational research.
Lacking a clear methodology to achieve this, we designed and

undertook the novel conceptualization and systematic review
presented in this paper. We reasoned firstly that drawing on COS
as one tool for outcomes selection could strengthen causal
inference from cohort studies. This could occur not only via
embedded trials and other intervention evaluation methodologies
but also by enhancing the value of epidemiological techniques
such as causal modeling, strengthening the ability of life course
cohorts to further knowledge of causation, and solutions.14

Secondly, we reasoned that, although the driver for any given
COS is a specific condition, the outcomes that families and
services value most would largely not be condition-specific and
indeed would show both commonality across COS and relevance
to life course research. Thirdly, we believed that this work could be
of value to others planning major new birth cohorts internation-
ally, particularly where an international focus is envisaged.
This paper seeks to systematically review COS relevant to life

course cohorts, with an initial focus on pregnancy, newborns, early
childhood, and adults 18–50 years (the usual age range for parents
of young children). It aims to synthesize the core outcomes from
existing COS within and across these four life stages, and to
identify common, important, and recurring outcomes to be
considered for selection in life course studies.

METHODS
Where they were applicable to the literature and data, we
conducted the review in accordance with the 2020 PRISMA
guidelines15 (see Supplementary Material 1 for PRISMA checklist).

Eligibility criteria
Papers eligible for inclusion in this review were completed COS for
conditions relevant to four life stages: pregnancy, newborns,

children <8 years of age (pediatric), and adults aged 18–50 (the
MESH age range relevant to parents of young children, who are
often independent participants whose own health and circum-
stances are tracked in birth cohorts).
Studies were excluded during the title and abstract screening

stage if they were preliminary COS research articles or commen-
tary papers, were not in English, or if a full text article could not be
sourced. During full text review, we excluded COS that lacked
patient/participant involvement, as this is a key component of
robust COS development as per the Core Outcome Set-STAnDards
for Development (COS-STAD) guidelines.4 We also excluded
studies that did not use the Delphi consensus method, a
standardized consensus method commonly utilized in COS
development. The Delphi method ensures anonymity of stake-
holders’ preferences, avoiding stifling of opinion by loud or expert
voices, and provides an iterative decision-making process to
generate by consensus a final set of priorities that truly represents
the priorities of the group.16,17 Lastly, we excluded COS for
conditions with an incidence or prevalence of <0.1%, as they
would likely affect a very small number of participants in life
course studies, which generally aim to create a representative
sample of the whole population.

Information sources and search strategy
A search for relevant papers listed in Medline, PubMed, Core
Outcome Measures in Effectiveness Trials (COMET),18 and Core
Outcomes in Women’s and Newborn Health (CROWN)19 databases
was conducted on January 14, 2021. Full search strategies for
Medline and PubMed are available in Supplementary Material 2.
The 45 COS listed on the CROWN website were manually screened
for eligibility. In the COMET database we used the search function
to identify published COS applicable to ages 0–50 to capture all
relevant life stages.

Selection process
All articles retrieved from the searches were imported into EndNote
and duplicates were removed. One author (E.M. or K.M.) indepen-
dently screened the remaining papers by title and abstract for
inclusion, and then conducted a full text review for methodological
reasons for exclusion, as per the eligibility criteria. Studies excluded
at full text review are provided, with justifications, in Supplementary
Material 3.

Data collection
For each COS, a single reviewer (E.M. or K.M.) extracted the specific
condition, its prevalence or incidence, the consensus method
used, stakeholders involved, countries involved, the number of
core outcomes, and core domains (if applicable). These data are
displayed in Table 1.

Synthesis methods
To our knowledge, no systematic review of COS has previously
been undertaken, and thus we endeavored to create a process
that enabled synthesis across multiple COS. Firstly, we identified
an existing taxonomic framework for outcomes by Dodd et al.20 to
guide our synthesis process. This framework was chosen as it was
designed to be comprehensive, bridge gaps in existing classifica-
tion systems, and to cover “all potential outcomes from clinical
trials”.20 We found no other pre-existing framework to compete
with this. Moreover, the authors tested this taxonomy by applying
it to COS from the COMET database, and thus it was directly
applicable to our intended COS synthesis. This taxonomy outlines
five key domains for outcomes: (1) Death, (2) Physiological and
Clinical, (3) Life Impact, (4) Adverse Events, and (5) Resource Use.
The synthesis process (undertaken by E.M. and K.M.) began by

mapping all core outcomes against all the COS in which they
appear. Where we deemed necessary, we collapsed terms
referring to the same construct into a single category. For
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example, “activities of daily living” and “ability to perform normal
activities” were termed “activities of daily living”; “spontaneous
preterm labor”, “extremely preterm birth <28 weeks”, and
“iatrogenic preterm birth” were all labeled “preterm birth”; and
core outcomes relating to specific location or features of pain
became the overarching construct “pain”.
Once synthesis was completed, we classified each overarching

construct under one of the five taxonomic domains. A table
displaying the individual core outcomes that were synthesized to
produce each overarching construct is available as Supplementary
Material 4.

RESULTS
Literature search
Database searches identified 145 articles in Medline, 160 in
PubMed, 25 in CROWN, and 59 in COMET. After removing
duplicates, we screened 252 records by title and abstract and
excluded a further 174. The remaining 78 studies underwent full-
text review for eligibility, and a final 46 COS studies were included
in the core outcome mapping. This search strategy is displayed in
a PRISMA diagram (see Fig. 1).
Of the included COS, 12 related to conditions of pre-pregnancy,

pregnancy, or birth; 5 related to neonates; 15 were relevant to
children <8 years old; and 14 addressed conditions affecting
adults aged 18–50 years. Table 1 summarizes the characteristics of
each COS, including study-specific limitations that could
introduce bias.

Outcome synthesis
We identified a total of 414 unique core outcomes from 46 COS.
We grouped these outcomes into 118 overarching constructs. We
ordered the overarching constructs within the life stages by the
total number of COS in which each outcome appeared, as shown
in Table 2.
The overarching constructs relating to “quality of life”, “adverse

events”, “hospitalization”, “medication/treatment use”, and “death/
mortality” were the most common across all four life stages. These
constructs align closely with four of the five domains from Dodd’s
outcomes taxonomy utilized for our synthesis process, namely Life
Impact, Adverse Events, Resource Use, and Death.20 Meanwhile,
the constructs in the Physiological and Clinical domain were more
varied according to the diseases addressed by the COS relevant to
that life stage. We note that COS that were excluded due to very
low prevalence (<0.1%) of conditions such as Hirschsprung’s
disease21 often contained general (e.g., psychological distress,
quality of life) as well as highly specific (e.g., need for a permanent
stoma) core outcomes, supporting our belief that even rare
conditions would show commonalities in the outcomes valued by
stakeholders.

Pregnancy outcomes
In the pregnancy life stage, 34 overarching constructs were drawn
from 14 COS (12 pregnancy COS, plus the adult endometriosis and
polycystic ovarian syndrome, PCOS, COS). The two most frequently
identified constructs were “fetal or neonatal loss” including
miscarriage, termination of pregnancy or stillbirth, and “maternal

Records identified from:
Medline (n = 145)
PubMed (n = 160)
CROWN (n = 25)
COMET (n = 59)

Records removed before
 screening:

Duplicate records removed (n
 = 137)

Records screened
(n = 252)

Records excluded
 (n = 174)

Reports not retrieved
 (n = 1)

Reports sought for retrieval
(n = 79)

Reports assessed for eligibility
(n = 78)

Studies included in review and
core outcome set synthesis
(n = 46)

Rare disease–
incidence/prevalence <0.1%
(n = 9)
Wrong patient population (n =
7)
Delphi method not used or no
patient involvement (n = 10)
 COS in development (n = 3)
Study type not applicable
(e.g., database information,
healthcare audit) (n = 4)

Identification of studies via databases and registers

Id
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cl
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Reports excluded:

Fig. 1 PRISMA (2020) diagram. From Page et al.15. For more information, visit: http://www.prisma-statement.org/.
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mortality”. Other frequently identified constructs were “preterm
birth”, “medication or treatment required”, “hospital or ICU
admission”, “live birth”, “mode of delivery”, “adverse effects from
intervention”, “pre-eclampsia and its complications”, “gestational
diabetes” and “other complications” of pregnancy, labor or the
puerperium. In addition to quality of life, mental health was
reflected in the constructs of “postnatal depression” and “other
mental health”.

Neonatal outcomes
For neonates, 20 overarching constructs were derived from 17
COS, which included pediatric, pregnancy, adult and a dedicated
neonatology COS.22 The single most identified construct was
“neonatal mortality”. This was followed by “birthweight” includ-
ing low birthweight, “hospitalization or NICU admission”, and
“gestational age at birth”. Other common neonatal constructs,
representing the Physiological and Clinical, Adverse Events, and
Resource Use domains included “neonatal seizures”, “small for
gestational age”, “neurological damage”, “harm from delivery/
pregnancy intervention”, “neonatal morbidity”, “neonatal infec-
tion/sepsis”, “medical or surgical intervention”, “congenital
anomalies”, “respiratory support”, and “neonatal hypoglycemia”.

Pediatric outcomes
For children <8 years old, 40 overarching constructs from 29 COS
related both to pregnancy and pediatrics. The most common
constructs were “adverse events” following either a condition or
treatment and “quality of life”. These were followed by “pain”,
“gastrointestinal morbidity”, “hospitalization”, “growth and
weight”, “neurodevelopmental morbidity”, “physical function/
disability”, “mortality”, “physical health”, and “treatment failure/
escalation”. Furthermore, the Life Impact domain was repre-
sented by constructs such as “cognitive function/ability”,
“breastfeeding” encompassing maternal confidence and dura-
tion, “feeding problems/behavior”, “school performance and
attendance”, “hearing”, “speech and language”, “mental health
and wellbeing”, “sleep quality and duration”, and “social
development”. Other seldom-identified constructs that may be
notable to life course studies were “quality of family life” and
food-related constructs including “types of foods consumed”,
“foods offered”, and “eating behaviors and environments”.

Adult outcomes
From the 14 COS addressing adults aged 18–50 (the relevant age
range for most parents of young children), we derived 24
overarching constructs. The most consistently identified con-
structs were “quality of life” (with “psychological health” in a
further three COS) “symptoms & disease burden”, and “mortality”.
The next tier encompassed “adverse events”, “hospitalization and/
or surgery”, and “cardiovascular health/morbidity”. Following this
were “neurological function/stroke”, “activities of daily living”, and
“general health parameters”, such as body mass index (BMI).

DISCUSSION
Principal findings
From 46 published COS addressing pregnancy, newborns,
children <8 years old, and younger adults (aged 18–50 years),
we synthesized 118 overarching constructs from 414 unique core
outcomes. The prioritized outcomes were typically broad,
spanning all aspects of functioning—physical, mental, social,
cognitive, participation—with commonalities across multiple COS
even when the condition generating an individual COS was rare.
The most common overarching constructs across all four life
stages were “quality of life”, “adverse events”, “medication use”,
“hospitalization“, and “mortality”, which aligned with the
taxonomic domains that guided our synthesis. We believe that
our synthesis and methodology may be helpful to others inTa
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prioritizing outcomes for early life course studies, especially those
desiring interventional and strong causal reasoning capabilities.

Strengths
To our knowledge, this systematic approach to synthesizing COS is
unique. We collated core outcomes from multiple published COS
across the age ranges most relevant to new birth cohorts, and
utilized a robust existing taxonomic framework from Dodd et al.20

to guide our classification process. The identified constructs reflect
widely prioritized outcomes across life stages most relevant to
birth cohorts. Many of these constructs span the spectrum of good
and poor health and well-being, are measurable, and could be
modifiable with intervention. This emphasizes the importance of
life course studies taking a holistic, strength-based approach to
outcomes, rather than over-focusing on deficits—anecdotally, a
common complaint of participants. We clearly describe our
synthesis process so it could be adapted to identify outcomes
for other populations (e.g., adolescents, older adults). Beyond
identifying outcomes for an individual cohort, the COS synthesis
approach could assist life course studies to standardize outcomes
with each other and with clinical trials to support harmonized
meta-analysis and to triangulate causal inference.

Limitations
Despite the breadth of physical, mental, social, cognitive, and
participation outcomes identified, the COS focus on outcomes
relevant to trials in the health sector may undervalue or miss
entirely some antecedents or outcomes important to observa-
tional life course research. For example, while our overarching
constructs aligned with Dodd’s taxonomy,20 the latter additionally
suggested some outcomes that appear important for considera-
tion in life course studies (e.g., “Economic” and “Societal/Carer
Burden” under the Resource Use domain.20) Further, it is not
known whether stakeholders would prioritize outcomes differ-
ently for life course research than for trials. Some fields are
currently more active in COS research than others, including
rheumatology,5 nephrology,23 and women’s and newborn
health.19 This can result in certain constructs, such as the pediatric
construct “gastrointestinal morbidity”, appearing more frequently
in the final list of constructs than morbidity in other organ
systems; as more COS are completed, we expect this bias to
reduce. Despite this bias, it was striking that our highly prioritized
outcomes were overwhelmingly not condition-specific, again
indicating the universality of the outcomes that children, parents,
and services value most regardless of their individual challenges
or conditions. A further source of bias is that COS often
disproportionately involve stakeholders from English-speaking,
high-income countries; while some constructs may therefore be
missing, those we identified seem universal in their applicability.
Finally, there are some limitations relating to our methodology.

COS typically specify constructs so that, even with this systematic
methodology, choices of scales or metrics will still need to be
made; however, we posit that harmonizing by construct is the
critical first step towards harmonization by measure. As this was a
rapid rather than a full systematic review, the methods were
rigorous and well-documented, but it was not pre-registered and
we did not undertake dual abstract screening or data extraction.
Future work could also formalize criteria for synthesizing out-
comes and assess their reliability.

Interpretation in the context of life course research
The population-specific overarching constructs we identified are also
largely congruent with major morbidities and prominent causal
theories for each life stage, which further supports their importance
and inclusion in life course studies. For example, a common
pregnancy construct was “preterm birth”, which is associated with
numerous perinatal, early childhood, and long-term adverse out-
comes such as adult hypertension, hyperglycemia, and mental health

problems.24 In newborns, the construct of “birthweight” reflects its
importance in relation to key non-communicable health outcomes
such as cardiovascular disease, diabetes, and obesity, as described by
the Developmental Origins of Health and Disease (DOHaD) theory.25

The overarching constructs for young children prioritized their
development and participation, regardless of their medical condi-
tion(s), through constructs such as “growth and development”,
“school attendance/performance”, and “social development”. This is
concordant with the work of Sinha et al.26, which identified certain
outcomes as particularly important for children, such as quality of life
and functional status. Finally, the adult constructs, including “disease
burden”, “mental health”, and “cardiovascular health/morbidity”,
reflect the impacts of classic life course diseases of ageing. For all
of these issues, major gaps remain in understanding of causal
pathways and effective interventions, suggesting that these measures
synthesized by examining COS are highly relevant to life course
cohorts.

Implications
Our approach of COS synthesis offers a transparent method of
outcome selection for life course studies and provides a high-level
list of constructs for consideration. This approach could help
minimize selection bias, taking into account the views of very
large numbers of stakeholders (children and families from many
walks of life, multiple sectors and disciplines, diverse countries)
with a depth and breadth not replicable in any one cohort. It could
also help life course studies to better contribute to outcomes
research across many fields, fulfilling the “collect once, use
multiple times” paradigm. Capturing such outcomes over the
long term could greatly extend the value of embedded trials or
health services research, for which questions regarding lasting
harms and benefits are typically out of reach due to short trial
funding windows. This approach would also enable large multi-
use life course cohorts to have an increased focus on causation
and solutions than is typically possible through observational
research alone.
We propose that life course studies could incorporate these

highly prioritized domains and constructs into their process for
selecting measures, supplementing it with other approaches to
address the gaps in the current COS literature and ensure
comprehensive and robust measurement. For example, GenV is
also drawing from its life course frameworks1 and consulting with
stakeholders via methods including focus groups, an open focus
area survey27 and group prioritization activities with researchers.28

Once a study has developed their outcome constructs, a
standardized and reproducible measure must be identified for
each. Given the generalizability-by-design of COS, we believe that
this approach will allow life course studies like GenV to harmonize
not only with other life course cohorts but with trials, registries,
and health services research internationally.

Future research
Future life course studies might choose to use these findings,
update this study with new COS, or reproduce its methodology for
older children, adolescents, and/or ageing adults. Doing so would
increase confidence that the most important constructs for
different life stages are captured and that the cohort will support
wide-ranging interventional as well as observational research.
Future research could further explore outcome classification
frameworks such as that by Dodd et al.20 and also focus on
developing population health COS to capture important outcomes
relevant to the wider community, including outcomes (e.g.,
economic, carer burden) that are under-represented in COS but
important to life course studies. Identifying such gaps could
motivate the creation of COS in additional research areas, or
prompt researchers to identify methods to supplement the COS
synthesis approach for outcome selection. Finally, ongoing efforts
by regulators, funders, researchers, and journals are required to
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disseminate and utilize COS and ensure that agreed-upon
stakeholder-driven outcomes are considered in all studies.

CONCLUSION
This COS synthesis generated a breadth of constructs relevant to
birth cohort outcomes selection. Some constructs appeared in
multiple COS spanning all four life stages examined (such as
quality of life, hospitalization), while others appeared in multiple
COS for individual life stages (such as pre-eclampsia, birthweight,
social development, cardiovascular health/morbidity). The rigor
and in-built stakeholder and trials perspectives of a COS-shaped
outcomes selection approach could help position future cohorts
to include life course interventions and stronger causal inferen-
cing. This review’s synthesized COS data are guiding outcome
measures selection for the early years of a large new birth and
parent cohort (GenV) and appear relevant to longitudinal
population studies more generally.
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