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Introduction

. The life course phenotypic pathways leading to noncommunicable diseases (NCDs) provide
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Adelaide, South Australia, Australia In the context of planning phenotypic collection waves in an Australian early and pre-midlife mega-
cohort, we aimed to undertake (1) a scoping review to identify knowledge availability and gaps and
(2) a comparative map of trajectories from available data.

Methods

We searched PubMed and MEDLINE (September 2024) for trajectory studies on phenotypes
underlying NCDs with the highest late life disease burden (excluding cancer and back pain, with
no clear precursor phenotypes): cardiovascular, chronic obstructive pulmonary and kidney diseases,
diabetes, falls, hearing and vision loss, and dementia. Eligible studies had >3 timepoints spanning
>5 years in childhood or >10 years in adulthood. Using the R ggplot package, we fitted loess curves
to create lifetime trajectory visualisations in absolute values and units standardised for comparison.

Results

From 3770 abstracts, we included 36 studies. Most (n=19) examined cardiovascular trajectories,
collectively spanning ages 5—105 years for blood pressure. Ten studies reported cognition trajectories,
but could not be synthesised due to measurement diversity. Twelve studies mapped lung, glucose,
kidney or musculoskeletal phenotypes but with discontinuities at varying life stages. No studies
tracked vision or hearing trajectories. Our syntheses confirmed some known trajectory patterns, such
as peaking of musculoskeletal phenotypes in early adulthood and the rise in cardiovascular and
glucose markers beyond healthy ranges from midlife.

Conclusions

Our mapping confirmed expected patterns for some phenotypes, but highlighted significant gaps for
others on pathways to high-burden NCDs. If long-running population cohorts collectively tracked all
major phenotypes over time, embedded real-world or simulated trials could accelerate progress in
prevention and treatment across all major NCDs.

Keywords
noncommunicable diseases; epidemiology; longitudinal studies; trajectory; life course

*Corresponding Author:
Email Address: melissa.wake@mcri.edu.au (Melissa Wake)

https://doi.org/10.23889/ijpds.v11i1.3346
August 20, 2026 (©) The Authors. Open Access under CC BY 4.0 (https://creativecommons.org/licenses/by/4.0/deed.en)


http://www.ijpds.org
mailto:melissa.wake@mcri.edu.au
https://doi.org/10.23889/ijpds.v11i1.3346
https://creativecommons.org/licenses/by/4.0/deed.en

McBain K et al. International Journal of Population Data Science (2026) 11:1:37

Introduction

If noncommunicable diseases (NCDs) could be prevented,
excess population morbidity and early mortality could be
curbed. In Australia and other high-income countries, NCDs
cause approximately 90% of deaths [1]. Increases in life
expectancy have come at the expense of quality of life, with
rising multimorbidity and health costs [2]. While not the
only answer, research is not keeping pace with need: more
people are dying from diseases that should be preventable,
life expectancy has stalled or reversed in many countries and
healthcare costs continue to rise [3—6]. Many NCDs are shaped
by lifelong health trajectories: how well we develop and how
well we age [7]. Intervention is possible at any and all ages, but
we still do not know the best timing, approach, target groups
or effect sizes — whether for single diseases or multimorbidity.

Both unique and shared (such as chronic inflammation,
stress) drivers shape the underlying trajectories to NCDs
[8]. These trajectories can be seen as repeated phenotypic
signals that track directly to our future health [9]. In this
review, we define precursor, or intermediate, phenotypes as
measurable, quantitative traits on the direct structural or
functional pathways between genetic variation and disease
[10, 11]. For example, we preference lung function as an
intermediate phenotype (precursor to chronic obstructive
pulmonary disease) over smoking (a behavioural risk factor),
and carotid intima-media thickness over lipids as a precursor of
large artery disease. Understanding lifelong trajectory patterns
of phenotypes could inform preventive strategies by enabling
“what-if" or real-world interventions and for estimating their
impacts on trajectories both immediately and in the longer
term, beyond the timeframes of a funded randomised trial.
These preventive strategies may aim to maximise the peak
functioning achieved during growth, extend the plateau at
peak function, or slow the inevitable rate of decline with ageing
[12, 13].

NCD-relevant phenotypes are not typically routinely
measured in clinical settings until disease emerges and
therefore do not appear in linked services datasets, especially
during childhood and earlier adulthood. For many phenotypes,
long-running cohort studies are the only sources of population-
level longitudinal measurements [7]. While whole-population
data may be assumed to equate to administrative, geographic
or census data, technology now also enables the direct
collection of phenotypic data at this scale. Multi-phenotypic,
longitudinal population platforms offer the potential to map
phenotype trajectories and test prevention strategies at
different life stages across many diseases. One such study,
Generation Victoria (GenV) [14] — Australia’s largest and most
inclusive interventional early and pre-midlife cohort — provides
an opportunity to consider this need at population scale. To
date, GenV comprises over 120,000 Australians (nearly 45,000
children born between 2021-2023 and their parents) from all
demographics and regions of Victoria (population 7 million in
an area similar in size to the UK) [15]. GenV plans to conduct
5-yearly phenotypic data collection waves from early school
age and pre-midlife.

To plan GenV's phenotypic waves, we needed to review
existing knowledge on NCD-relevant phenotype trajectories.
We suspected that, although repeat measures of some
phenotypes would be available from longitudinal cohort

studies, they would rarely cover the entire life course, for
instance spanning only parts of childhood or older adulthood
[16]. The aims of this paper were therefore to (1) conduct a
scoping review to identify knowledge availability and gaps in
whole-of-life phenotypic trajectories to major NCDs in high-
income countries at population-level and (2) comparatively
map trajectories from available data.

Methods

We undertook a scoping review following the JBI methodologi-
cal guidance [17] and Preferred Reporting ltems for Systematic
Review and Meta-Analyses — Extension for Scoping Reviews
(PRISMA-ScR) [18] reporting guidelines (checklist available in
Supplementary material S1). We chose to conduct a scoping
review to best address our study's aims as, unlike systematic
reviews, scoping reviews are used to map evidence and identify
gaps [19]. We prespecified our aims and methodology in our
protocol at [https://osf.io/29nsm]. Drawing on the papers
identified with relevant trajectories, we then synthesised
trajectories across studies, in both absolute and relative units,
using an approach suited to the heterogeneity of available
published sources.

Search Strategy

We searched Ovid MEDLINE and PubMed from inception
until 17t" September 2024. The protocol also noted including
articles from Embase, but initial review of a subset of articles
yielded far fewer relevant articles so did not proceed. Our
search strategy included search terms related to our NCDs
and phenotypes of interest (see ‘Concept’ below), along with
terms related to trajectories and longitudinal studies. Searches
were limited to articles published in English. The full search
strategy for Ovid MEDLINE is presented in Supplementary
material S2.

Eligibility Criteria
Population

We included publications that reported phenotype trajectories
where measurements were drawn from the general population
and excluded those that reported on clinical samples.

Concept

We first identified the top ten causes of global noncommuni-
cable disease burden in adults aged 75 years and above
from the Global Burden of Disease Study 2019 [20]. These
were: cardiovascular diseases (ischaemic heart disease, stroke,
hypertensive heart disease), chronic obstructive pulmonary
disease, diabetes mellitus, falls, chronic kidney disease, hearing
loss, blindness and vision loss, and Alzheimer's disease. We
included falls (technically an injury rather than an NCD)
because there is evidence for the roles of muscle and bone
phenotypes influencing the likelihood of falling and resulting
in fracture [21, 22].
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Table 1: Phenotypes considered in scoping review

NCD

Intermediate phenotype(s)

Cardiovascular diseases (ischaemic heart
disease, stroke, hypertensive heart disease)

Vascular function and stiffness

Blood pressure (systolic and diastolic)

Augmentation index

Pulse wave velocity

Retinal microvasculature vessel calibre

Carotid artery intima-media thickness, distensibility, elasticity

Autonomic control

Diabetes mellitus

Chronic obstructive pulmonary disease

Adverse impacts of falls

Heart rate

Blood glucose

Fasting blood glucose levels
Haemoglobin Alc

Lung function

Forced expiratory volume (FEV;)
Forced vital capacity (FVC)

Bone density and morphology

Density
Geometry
Size
Strength

Muscle strength and morphology

Chronic kidney disease

Strength (e.g., grip strength)
Mass

Albuminuria

Estimated glomerular filtration rate

Age-related hearing loss
Blindness and vision loss
Alzheimer's Disease

Hearing acuity
Visual acuity
Cognition

Global cognition

Verbal intelligence
Performance-based intelligence
Executive functioning

Episodic memory

Although a top contributor to global disease burden, we
excluded cancer because clear phenotypic trajectories leading
to cancer are not evident and cancer has a large stochastic
component [23]. We also excluded low back pain as evidence
for its underlying phenotypic trajectories is limited and, unlike
many other NCDs, it is usually episodic rather than progressive
[24, 25].

Table 1 shows the list of phenotypes considered. This list
is intended to be thorough but not exhaustive. To contain
the search, we made pragmatic choices to include phenotypes
that appear to be the most direct, population-measurable
precursors of the highest-burden NCDs. Although a significant
risk factor for many NCDs, we excluded trajectories of body
composition because there is debate surrounding its status as
a risk factor, risk marker or disease [26].

Trajectories can be constructed in various ways, but
conceptually fall into three main categories: normative,
group-based and endpoint-based. Normative trajectories show
the typical pattern of a phenotype within a population
[27]. Group-based trajectories group individuals into one of
usually several patterns using group-based modelling strategies
[28]. Lastly, endpoint-based trajectories are constructed
retrospectively from disease endpoint and compare pathways
in those diagnosed to healthy controls [29]. We included
publications reporting normative population trajectories to
characterise within-individual change relevant to population-
level measurement and prevention. We excluded group-based
and endpoint-based trajectories, as these do not yield a
single, generalisable trajectory suitable for informing universal
phenomic measurement or trial outcome design.
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We included publications where trajectories were developed
from a minimum of three measurement timepoints and
spanning at least five years in childhood (age 0-20 years)
[30] or ten years in adulthood (age 21 years and older).
We chose these time periods to enable inferences to be
drawn about patterns of change in phenotypes across

the life course, recognising that rapid growth occurs in
childhood.

Context

Because this work was intended to guide planning for
an Australian mega-cohort, we included publications where
trajectories were modelled in high-income countries (as defined
by the World Bank) [31]. This is because of the notable
differences in NCD aetiology, progression and life expectancy
between high- and low- and middle-income countries (LMICs)
[32, 33].

Sources

We included publications where trajectories were developed
from empirical data and excluded theoretical trajectories. We
included trajectories modelled from longitudinal data and
excluded those developed entirely from cross-sectional data.
This is a deviation from our protocol [https://osf.io/29nsm]
due to scope change to only focus on trajectories modelled
from longitudinal data, because they are less impacted by
cohort effects and other biases [34].

Screening and Study Selection

We imported articles to Endnote [35] and removed duplicates
using The Systematic Review Accelerator's [36] Deduplicator
tool, before importing articles to Covidence [37]. Two reviewers
(KM and SK or RT) dual-screened articles by title and abstract
and then reviewed the full texts of selected citations.

Data Extraction

Both KM and SK extracted data from five randomly selected
articles using a study-developed data extraction form in
Covidence [37]. Once consensus of the extracted data was
established, the remaining articles were extracted by either
KM or SK individually. A risk of bias assessment was not
undertaken as the purpose of conducting a scoping review is
to map evidence rather than assess study quality.

Trajectory Mapping

Individual phenotype synthesis

To synthesise trajectories of individual phenotypes, KM and
DD used the ggplot2 [38] package in R, version 4.3.0 [39].
Where papers reported the mean phenotype values at each
measurement timepoint, these were used in our synthesis. If
these values were not reported, KM used Plot Digitizer [40] to
extract values from figures at approximately yearly intervals.
We used the ‘geom smooth’ function in ggplot2 to fit a loess

curve through the datapoints from each paper, leaving gaps at
ages where there was no coverage from the included studies.
Where studies modelled trajectories spanning the same age
ranges in different birth cohorts (e.g., to investigate secular
trends) we included only the most recent birth cohort to
minimise cohort effects. Where studies separated trajectories
by sex, we synthesised separate male and female trajectories
in addition to an overall trajectory.

Comparative synthesis

To place individual phenotype trajectories on the same scale
to enable comparison, we converted values to a percentage,
representing a deviation from a healthy reference value. This
healthy reference value was set to an obvious peak (e.g.,
grip strength) if available from our individual synthesised
trajectories, or, if not available, selected from relevant
literature or guidelines (see Supplementary material S3 for
values). Where eligible studies reported trajectories separately
for population sub-groups (e.g., sex) we analysed each sub-
group separately and applied subgroup-specific reference or
peak values (such as for muscle mass). These conversions
allowed us to bring together the multiple phenotypes, each
measured in different metrics, onto the same y-axis. After
converting the values to percentage deviations, we again used
the ggplot2 package in R 4.3.0 to fit loess curves.

Results

Literature Search

We identified 5,833 records from databases and citation
searches. After removing 2063 duplicate records, we reviewed
3,770 abstracts and 280 full texts, resulting in 36 articles
included in this review [27, 34, 41-73]. Figure 1 summarises
the study screening and selection process.

Study Characteristics

Table 2 shows the characteristics of the included studies. Most
studies were conducted in the United States of America (USA,
n=17). Eight were conducted in the United Kingdom (UK),
two each in ltaly, Germany and the Netherlands, and one in
each of Australia, Japan, Austria and Sweden. One study was
international, spanning several European countries. Sample
sizes ranged from 368 to 49,964 (pooled) participants across
the studies. Data collection began as early as 1946 and ended
as recently as 2016. Most articles (n =29) reported trajectories
of more than one phenotype, but only five of these included
phenotypes of more than one body system.

Most of the articles reported phenotype trajectories
relevant to cardiovascular diseases (n=19). These included
trajectories of systolic blood pressure (n=17), diastolic
blood pressure (n=15), heart rate (n=1) and pulse wave
velocity (n=3). No eligible studies reported trajectories of
retinal microvasculature vessel calibre, augmentation index
or carotid artery intima media thickness. All five articles
with trajectories underlying diabetes reported on glucose;
none reported trajectories of HbAlc. One article reported
trajectories of estimated glomerular filtration rate, relevant
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Figure 1: PRISMA flow chart
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Source: Page MJ, et al. BMJ 2021;372:n71. https://doi.org/10.1136/bmj.n71.
This work is licensed under CC BY 4.0. To view a copy of this license, visit https://creativecommons.org/licenses/by/4.0/.

to chronic kidney disease, while none reported trajectories
of albuminuria. One reported lung function trajectories,
relevant to COPD, including forced expiratory volume in
the first second (FEV;) and forced vital capacity (FVC).
Five articles reported musculoskeletal phenotype trajectories,
relevant to the adverse impacts of falls. These included
trajectories of bone mineral content (n=2), bone mineral
density (n =2), grip strength (n=3) and muscle mass (n =2).
Articles (n=10) reporting cognition trajectories (important
to Alzheimer's disease) spanned diverse cognitive phenotypes,
tapping into areas including memory, processing speed,
executive functioning, language and global cognition. We
identified no articles reporting phenotype trajectories using
longitudinal data for hearing or vision.

Trajectory Mapping

Individual Phenotype Synthesis

Figure 2 shows individual phenotype trajectories, each in their
natural units of measurement, after synthesising across the
included studies. As can be seen, the available longitudinal
data for most phenotypes spanned only parts of the life
course, with some limited to midlife and others to early
and/or late life; blood pressure and grip strength were the
notable exceptions with nearly whole-of-life data. We could

not synthesise trajectories of cognition due to the diversity of
measures used across the studies.

Cardiovascular Disease: The synthesised trajectories spanned
ages 5-105 years for systolic and diastolic blood pressure; 7-18
years for heart rate; and 40-90 years for carotid-femoral and
65-90 years for brachial-ankle pulse wave velocity.

Diabetes: Synthesised trajectories of glucose spanned ages
7-18 years and 20-90 years.

Chronic Kidney Disease: Synthesised trajectories of glomerular
filtration rate spanned ages 30-50 years.

COPD: Synthesised lung function trajectories spanned ages
20-68 years for both FEV; and FVC.

Adverse Impacts of Falls: Collectively, synthesised trajectories
of bone mineral content spanned ages 5-30 years, bone mineral
density ages 8-30 years and 70-85 years, grip strength age 4-96
years and muscle mass ages 5-20 years and 70-85 years.

Alzheimer’s Disease: While trajectories of cognition could not
be synthesised, they collectively spanned ages 43-105 years.

Comparative Synthesis

Figure 3 shows synthesised trajectories of all phenotypes
(except cognition) on a comparable scale, with the y-axis
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Figure 2: Synthesised trajectories of individual phenotypes in natural units of measurement
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Trajectories were synthesised across studies by fitting loess curves through available data points from each included study. Separate
trajectories for males and females were synthesised only where included studies separated trajectories by sex. Cognition trajectories

could not be synthesised due to measurement diversity.

converted and standardised to a percentage deviation away
from a healthy reference value for each phenotype. The
musculoskeletal phenotypes follow a general pattern of
childhood growth, early adult peak and decline with ageing.
Bone mineral content and bone mineral density reach their
peaks earlier than grip strength (occurring at approximately
age 25, 30 and 35 years, respectively). Diastolic and systolic
blood pressure, pulse wave velocity and glucose follow a
general rising pattern across the life course. Glucose and
pulse wave velocity begin to rise outside healthy ranges
from early adulthood (at approximately age 30 and 32 years,
respectively), whereas deviation above healthy range occurs
later for systolic blood pressure (at approximately age 40
years). Diastolic blood pressure did not rise outside a healthy
range (i.e., above 80mmHg) in these synthesised trajectories.
Trajectories of heart rate, kidney function and lung function
did not span enough of the life course to determine the general
patterns they each follow.

Discussion

This review revealed stark gaps in the mapping of precursor
phenotypes to major NCDs in high-income countries. While
some phenotypic trajectories are well documented across
multiple life stages, others remain incomplete. The extent and
timing of these gaps varies by phenotype, with some missing
coverage in midlife and others in childhood and/or older
adulthood. We identified longitudinal trajectories of some,
but not all, core phenotypes underlying cardiovascular disease,
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diabetes and adverse impacts of falls across the life course;
for example, grip strength measures spanned most age ranges,
but measures of bone mineral content did not. These findings
highlight the need for more comprehensive, long-term tracking
of phenotypic pathways to better inform NCD prevention and
treatment strategies.

A strength of our synthesis method is that it enabled us to
map trajectories of multiple phenotypes simultaneously in both
absolute and relative terms and, where data were available,
across the entire life course. This allowed us to take an
interconnected approach to all major causes of disease burden.
While other studies have assessed multisystem trajectories
(e.g., Niiranen et al., 2019 [74]), we are not aware of any other
publications that have attempted this for the entire life course,
or that have standardised trajectories to enable comparison
across phenotypes.

Our review also has limitations. The cohorts varied
by ethnicity, birth year and socioeconomic factors. These
features can impact trajectory patterns but were beyond the
scope of this review to explore. Nonetheless, our synthesis
process therefore risks mapping trajectories that no cohort
actually experienced. Our synthesis did not account for
factors like attrition, selection bias or treatment effects.
Further limitations include not conducting formal quality
appraisal or sensitivity analyses (e.g., to assess the impact
of standardising to alternative healthy reference values) and
imprecision from using PlotDigitizer to extract data and
loess smoothing to interpolate data between data points.
Our synthesis was intended to map available evidence and
gaps to inform future data collection, and not to inform
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Figure 3: Comparative synthesis of phenotype trajectories
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Trajectories were synthesised across studies by first converting available data points to a percentage deviation from a healthy

reference value, then by fitting loess curves.

clinical decisions. Still, these methodological choices could
have introduced bias and influenced the trajectory patterns
we generated. Our focus on normative population trajectories
led us to exclude alternative approaches, including latent class
and cross-sectionally derived trajectories. These approaches
provide insights into heterogeneity and life course patterning,
and their exclusion may underestimate the broader evidence
base. However, they do not produce a single, population-
level trajectory that can prospectively inform universal
measurement, timing and outcome selection within large
cohort studies. Some apparent gap (e.g., lung or kidney
function) may therefore reflect analytic choices rather than
absence of underlying data, with opportunities for future
synthesis and re-analysis [75]. To contain scope, this review
focused on the highest-burden NCDs, excluding others whose
importance may rise. Because we sought to inform planning for
an Australian cohort, we excluded studies reporting population
trajectories in LMICs. Given the growing burden from NCDs
in LMICs, [76] it is important for future research to similarly
map available evidence and gaps in these settings. Future work
could also map other trajectories (such as lipids or phenotypes
relevant to other NCDs) or those modelled using methods we
excluded.

We can speculate as to why the gaps we demonstrate
might exist, despite likely contributing to substantive NCD
burden. Measurement expense, burden or invasiveness may
explain some gaps, for example why in the cardiovascular
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system we identified substantial evidence for blood pressure
trajectories but none of intima-media thickness. How health
issues are framed can also shape their prioritisation in research
[77]. Powerful actors including the World Health Organization
and NCD Alliance have emphasised the threats from just
five NCDs (cardiovascular diseases, cancer, diabetes, chronic
respiratory diseases and mental health); while in no way
downplaying their importance, this may influence cohorts to
focus less on other major causes of disease burden [78].

If key phenotypes continue to be overlooked, our
understanding of pathways to major NCDs will remain
fragmented. Cohort studies are our primary avenue for
capturing repeated population-level measurements and testing
interventions during silent precursor phases. Systematic ‘black
holes' in measurement preclude them from informing public
health and clinical priorities. A further challenge is the
heterogeneity in life course cognitive metrics, reflecting lack
of standardisation in the field [79]. While efforts to establish
common batteries and core outcomes are underway [80],
no consensus has emerged. This limits comparability across
and continuity within cohorts, making it harder to identify
and understand dementia progression or track the long-term
impacts of cognitive interventions [81].

Our prior review [82] of NCD phenotypes measured in
contemporary child cohorts identified many of the same
measurement gaps now evident in their derived trajectories
— meaning that, without action, these ‘missing’ trajectories
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will remain so. Addressing this requires cohorts to plan future
data collection waves to fill gaps and map trajectories. This
review informs GenV's planning in four ways: (1) identifying
priority gaps (e.g., hearing, vision) to be incorporated and
repeated across 5-yearly phenomic waves to enable population
scale trajectory mapping; (2) providing trajectory parameters
for existing phenotypes to support power calculations and
outcome selection for embedded trials; (3) assisting with
timing of measurement and intervention evaluation based on
observed trajectory shapes; and (4) guiding harmonisation
with, and extension beyond, international cohorts. Together,
these support a deliberate shift towards scalable, inclusive
measures across cohorts, even where this trades off against
gold-standard precision. Beyond these, neglected phenotypes
and their related NCDs must be reframed to align their known
impacts on morbidity and mortality with research priorities.

Conclusion

Few phenotypes underlying major NCDs have well-mapped
lifelong trajectories. Population-based cohorts could redress
this by tracking key phenotypes over time, revealing long-term
pathways to disease and enabling large-scale testing of real
or virtual interventions. Until these gaps are filled, some of
the largest contributors to global disease burden risk being
overlooked in public health priorities.
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Supplementary Material S1: Preferred Reporting Items for Systematic reviews and Meta-Analyses extension for Scoping Reviews

(PRISMA-ScR) checklist

Reported on

Section Item Prisma-ScR checklist item
page #
Title
Title 1 Identify the report as a scoping review. 1
Abstract
Structured 2 Provide a structured summary that includes (as applicable): 2
summary background, objectives, eligibility criteria, sources of evidence, charting
methods, results, and conclusions that relate to the review questions
and objectives.
Introduction
Rationale 3 Describe the rationale for the review in the context of what is already 3
known. Explain why the review questions/objectives lend themselves to
a scoping review approach.
Objectives 4 Provide an explicit statement of the questions and objectives being 3
addressed with reference to their key elements (e.g., population or
participants, concepts, and context) or other relevant key elements used
to conceptualise the review questions and/or objectives.
Methods
Protocol and 5 Indicate whether a review protocol exists; state if and where it can be 4
registration accessed (e.g., a Web address); and if available, provide registration
information, including the registration number.
Eligibility criteria 6 Specify characteristics of the sources of evidence used as eligibility 4-5
criteria (e.g., years considered, language, and publication status), and
provide a rationale.
Information 7 Describe all information sources in the search (e.g., databases with 4
sources* dates of coverage and contact with authors to identify additional
sources), as well as the date the most recent search was executed.
Search 8 Present the full electronic search strategy for at least 1 database, Supplementary
including any limits used, such that it could be repeated. material S2
Selection of sources 9 State the process for selecting sources of evidence (i.e., screening and 5
of evidencef eligibility) included in the scoping review.
Data charting 10 Describe the methods of charting data from the included sources of 5
process? evidence (e.g., calibrated forms or forms that have been tested by the
team before their use, and whether data charting was done
independently or in duplicate) and any processes for obtaining and
confirming data from investigators.
Data items 11 List and define all variables for which data were sought and any 5
assumptions and simplifications made.
Critical appraisal of 12 If done, provide a rationale for conducting a critical appraisal of NA
individual sources included sources of evidence; describe the methods used and how this
of evidence§ information was used in any data synthesis (if appropriate).
Synthesis of results 13 Describe the methods of handling and summarising the data that were 5
charted.
Results
Selection of sources 14 Give numbers of sources of evidence screened, assessed for eligibility, 6
of evidence and included in the review, with reasons for exclusions at each stage,
ideally using a flow diagram.
Characteristics of 15 For each source of evidence, present characteristics for which data were 6-7
sources of evidence charted and provide the citations.
Critical appraisal 16 If done, present data on critical appraisal of included sources of NA
within sources of evidence (see item 12).
evidence
Continued
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Supplementary Material S1: Continued

. . . . Reported on
Section Item Prisma-ScR checklist item P

page #
Results of individual 17 For each included source of evidence, present the relevant data that 7
sources of evidence were charted that relate to the review questions and objectives.
Synthesis of results 18 Summarise and/or present the charting results as they relate to the 16-17
review questions and objectives.
Discussion
Summary of 19 Summarise the main results (including an overview of concepts, themes, 18
evidence and types of evidence available), link to the review questions and
objectives, and consider the relevance to key groups.
Limitations 20 Discuss the limitations of the scoping review process. 19
Conclusions 21 Provide a general interpretation of the results with respect to the 19
review questions and objectives, as well as potential implications and/or
next steps.
Funding
Funding 22 Describe sources of funding for the included sources of evidence, as well 20

as sources of funding for the scoping review. Describe the role of the
funders of the scoping review.

JBI = Joanna Briggs Institute; PRISMA-ScR = Preferred Reporting ltems for Systematic reviews and Meta-Analyses extension for
Scoping Reviews.

*Where sources of evidence (see second footnote) are compiled from, such as bibliographic databases, social media platforms, and
Web sites.

T A more inclusive/heterogeneous term used to account for the different types of evidence or data sources (e.g., quantitative and/or
qualitative research, expert opinion, and policy documents) that may be eligible in a scoping review as opposed to only studies.
This is not to be confused with information sources (see first footnote).

i The frameworks by Arksey and O'Malley (6) and Levac and colleagues (7) and the JBI guidance (4, 5) refer to the process of
data extraction in a scoping review as data charting.

§The process of systematically examining research evidence to assess its validity, results, and relevance before using it to inform
a decision. This term is used for items 12 and 19 instead of "risk of bias" (which is more applicable to systematic reviews of
interventions) to include and acknowledge the various sources of evidence that may be used in a scoping review (e.g., quantitative
and/or qualitative research, expert opinion, and policy document).

From: Tricco AC, Lillie E, Zarin W, O'Brien KK, Colquhoun H, Levac D, et al. PRISMA Extension for Scoping Reviews
(PRISMASCcR): Checklist and xplanation. Ann Intern Med. 2018;169:467-473. https://doi.org/10.7326/M18-0850.
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Supplementary material S2

Ovid MEDLINE search strategy

1 cardiovascular diseases/ or exp cardiovascular abnormalities/ or exp heart diseases/ or exp vascular diseases/

2 exp asthma/ or exp pulmonary disease, chronic obstructive/

3 diabetes mellitus/ or exp diabetes mellitus, type 1/ or exp diabetes mellitus, type 2/ or latent autoimmune diabetes in adults/
or prediabetic state/

4 exp Osteoporosis/

5 Accidental Falls/

6 Sarcopenia/

7 exp kidney diseases/ and chronic.tw,kf,hw.

8 Presbycusis/

9 exp Hearing Loss/

10 exp Blindness/

11 Alzheimer Disease/

12 (Chronic-Obstructive-Pulmonary-Disease* or COPD or Cardiovascular-Disease* or Heart-Disease* or stroke or Diabetes or
Osteoporosis or accidental-fall* or Sarcopenia* or Kidney-Disease* or Presbycusis or hearing or deaf* or blind* or vision or
Alzheimer* or dementia*).tw,kf.

131or2or3or4or5or6or7or8or9orl0orllorl2

14 (ph or ep or et or pp).fs.

15 exp cohort studies/

16 (longterm or long-term or repeat* or serial or longitudinal* or follow-up or followup or cohort* or retrospective* or
prospective*).tw,kf.

17 15 or 16

18 (life-course* or trajector*).tw,kf.

19 *Blood Pressure/

20 exp *forced expiratory flow rates/ or *forced expiratory volume/

21 exp *Muscle Strength/

22 exp *Vital Capacity/

23 *respiratory function tests/ or *airway resistance/ or *lung compliance/ or exp *lung volume measurements/ or exp *spirometry/
24 *carotid intima-media thickness/ or *vascular stiffness/

25 exp *Pulse Wave Analysis/

26 exp *Retinal Vessels/

27 *Blood Glucose/

28 *Glycated Hemoglobin A/

29 exp *bone density/ or exp *muscle strength/ or exp *hand strength/ or exp *musculoskeletal development/

30 *Albuminuria/

31 exp *Glomerular Filtration Rate/

32 exp *Auditory Threshold/

33 exp *Visual Acuity/

34 *cognition/ or exp *cognitive reserve/ or *executive function/

35 (blood-pressure or vascular-function* or vascular-stiffness or augmentation-index or pulse-pressure or pulse-wave-velocit* or
retinal-microvasculature* or carotid-artery-intima-media-thickness or cIMT or carotid-artery-distensibilit* or carotid-artery-elasticit*
or lung-function* or FEV or FVC or respiratory-function* or forced-expiratory-flow-rate* or forced-expiratory-volume* or spirometry
vital-capacit* or respiratory-function-test* or lung-volume-measurement* or blood-glucose or HbAlc or bone-densit* or bone-
morpholog* or bone-strength or bone-geometr* or muscle-strength or muscle-densit* or muscle-morpholog* or grip-strength or
hand-strength or albuminuria or glomerular-filtration-rate* or vision or cognition or cognitive-reserve or verbal-iq or performance-iq
or executive-function*).tw,kf.

36 19 or 20 or 21 or 22 or 23 or 24 or 25 or 26 or 27 or 28 or 29 or 30 or 31 or 32 or 33 or 34 or 35

37 13 and 17 and 18 and 36

38 14 and 17 and 18 and 36

39 37 or 38

40 limit 39 to (case reports or comment or editorial or guideline or letter or practice guideline or preprint)

41 39 not 40
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Supplementary Material S3: Healthy reference values used to standardise phenotype trajectories

Phenotype

Reference value

Sources of evidence

Systolic blood pressure

Diastolic blood
pressure

Heart rate

Pulse wave velocity
(carotid-femoral)

Pulse wave velocity
(brachial-ankle)

Glucose

Glomerular filtration
rate

FEV;

FVC

Bone mineral content

Bone mineral density
(whole body)

Bone mineral density
(hip)

120 mmHg

80 mmHg

80 beats per minute

5.86 metres per
second

12.3 metres per
second

4.75 mmol/L

105
mL/min/1.73m?
Trajectory peak
Trajectory peak
Trajectory peak

Trajectory peak

1.04 g/cm? (male)
and 0.942 g/cm?
(female)

Whelton, P. K., Carey, R. M., Aronow, W. S., Casey, D. E., Jr, Collins, K.
J., Dennison Himmelfarb, C., DePalma, S. M., Gidding, S., Jamerson, K.
A., Jones, D. W., MacLaughlin, E. J., Muntner, P., Ovbiagele, B., Smith,
S. C., Jr, Spencer, C. C., Stafford, R. S., Taler, S. J., Thomas, R. J,,
Williams, K. A., Sr, Williamson, J. D., ... Wright, J. T., Jr (2018). 2017
ACC/AHA/AAPA/ABC/ACPM/AGS/APhA/ASH/ASPC/NMA/PCNA
Guideline for the Prevention, Detection, Evaluation, and Management
of High Blood Pressure in Adults: Executive Summary: A Report of the
American College of Cardiology/American Heart Association Task Force
on Clinical Practice Guidelines. Hypertension (Dallas, Tex. : 1979), 71(6),
1269-1324. https://doi.org/10.1161/HYP.0000000000000066

Whelton, P. K., Carey, R. M., Aronow, W. S., Casey, D. E., Jr, Collins, K.
J., Dennison Himmelfarb, C., DePalma, S. M., Gidding, S., Jamerson, K.
A., Jones, D. W., MacLaughlin, E. J., Muntner, P., Ovbiagele, B., Smith,
S. C., Jr, Spencer, C. C., Stafford, R. S., Taler, S. J., Thomas, R. J,,
Williams, K. A., Sr, Williamson, J. D., ... Wright, J. T., Jr (2018). 2017
ACC/AHA/AAPA/ABC/ACPM/AGS/APhA/ASH/ASPC/NMA/PCNA
Guideline for the Prevention, Detection, Evaluation, and Management
of High Blood Pressure in Adults: Executive Summary: A Report of the
American College of Cardiology/American Heart Association Task Force
on Clinical Practice Guidelines. Hypertension (Dallas, Tex. : 1979), 71(6),
1269-1324. https://doi.org/10.1161/HYP.0000000000000066

Mason, J.W., Ramseth, D.J., Chanter, D.O., et al. Electrocar-
diographic reference ranges derived from 79,743 ambulatory
subjects. Journal of Electrocardiology. 2007 Jul; 40(3):228-234.
DOI: 10.1016/j.jelectrocard.2006.09.003

Diaz, A., Galli, C., Tringler, M., Ramirez, A., & Cabrera Fischer, E.
I. (2014). Reference values of pulse wave velocity in healthy people
from an urban and rural argentinean population. International journal
of hypertension, 2014, 653239. https://doi.org/10.1155/2014 /653239

Yiming, G., Zhou, X., Lv, W., Peng, Y., Zhang, W., Cheng, X., Li, Y.,
Xing, Q., Zhang, J., Zhou, Q., Zhang, L., Lu, Y., Wang, H., & Tang, B.
(2017). Reference values of brachial-ankle pulse wave velocity according
to age and blood pressure in a central Asia population. PloS one, 12(4),
e0171737. https://doi.org/10.1371/journal.pone.0171737

World Health Organization. (2024, May 24). Mean fasting blood glucose.
https://www.who.int/data/gho/indicator-metadata-registry/imr-
details/2380

National Kidney Foundation. (2023, Sep 05). Understanding your lab
values and other CKD health numbers. https://www.kidney.org/kidney-
topics/understanding-your-lab-values-and-other-ckd-health-numbers
Not applicable — peak available.

Not applicable — peak available.
Not applicable — peak available.

Not applicable — peak available.

Looker, A. C., Wahner, H. W., Dunn, W. L., Calvo, M. S.,
Harris, T. B., Heyse, S. P., Johnston, C. C., Jr, & Lindsay, R.
(1998). Updated data on proximal femur bone mineral levels of US
adults. Osteoporosis International : a journal established as result of
cooperation between the European Foundation for Osteoporosis and
the National Osteoporosis Foundation of the USA, 8(5), 468-489.
https://doi.org/10.1007 /s001980050093
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Supplementary Material S3: Continued

Phenotype Reference value Sources of evidence

Grip strength Trajectory peak Not applicable — peak available.

Muscle mass 28.16 kg (male) and Gould, H., Brennan, S. L., Kotowicz, M. A., Nicholson, G. C., & Pasco,
18.72 kg (female) J. A. (2014). Total and appendicular lean mass reference ranges for

Australian men and women: the Geelong osteoporosis study. Calcified
tissue international, 94(4), 363-372. https://doi.org/10.1007/s00223-
013-9830-7
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