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Abstract 

Background: Mobility, defined as movement in all its forms, is a hallmark of healthy ageing. As wearable technologies become 
increasingly integrated into population health surveillance and ageing research, the absence of standardised terminology, 
measurement protocols and reporting practices presents a major barrier to progress. This consensus exercise aimed to establish 
minimum standards for measuring mobility with wearable technology in ageing populations and set priorities for future
research in the field.
Methods: A two-day, in-person consensus meeting was convened with 24 international experts in ageing, mobility and digital 
health. Using a modified nominal group technique facilitated by a trained moderator, participants engaged in structured 
small-group brainstorming, followed by iterative large-group discussions. Consensus was achieved through anonymised digital
voting on proposed measures, principles and priorities.
Findings: Consensus (≥80% agreement) was reached on 20 core device-derived mobility measures and 30 guiding principles 
for the optimal use of wearable technology in older populations. Experts also identified and ranked 16 priority areas for future 
research, with the top five including: (i) longitudinal studies and data collection, (ii) digital biomarkers and health outcomes, 
(iii) contextual data capture, (iv) algorithm development and validation and (v) integration with healthcare systems.
Interpretations: These consensus-based standards provide a foundational framework for the consistent and transparent use 
of wearable devices in ageing research and practice. They can inform the development of regulations and guidelines, suppor t
harmonisation across studies and chart a path for future research to enhance the utility and impact of wearable technologies
in ageing populations.

Keywords: accelerometers; digital biomarker; gait; physical activity; step count; older people 

Key points 
• Twenty-four international experts convened to establish minimum standards for the use of wearables in measuring late-life 

mobility .
• The group identified 20 core device-derived mobility measures across six subdomains of mobility .
• Thirty guiding principles were developed to inform the selection, protocols and interpretation of wearable data in older 

adults.
• Sixteen priority areas were identified for advancing resear ch on late-life mobility and healthy ageing.
• Results can be used to guide wearable mobility assessments in older adults and promote consistent research practices.
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Wearable technology consensus for mobility

Background 
The World Health Organization (WHO) describes mobility 
as ‘movement in all its forms, whether powered by the
body or a vehicle’ [1, 2]. Over the last decade, mobility 
has emerged as one of the most consistent predictors 
of frailty, healthcare costs and mortality in community-
dwelling older adults [3–6]. Accordingly, mobility is often 
referred to as a cornerstone of healthy ageing. Although 
there is a plethora of outcome measures designed to assess 
mobility, existing measures tend to focus on discrete aspects
of mobility assessed at a single point in time, measured
in a laboratory or clinical environment [7]. Wearable 
technology provides the unique opportunity to measure 
older people’s actual ‘real-world’ mobility in their homes and 
communities over extended periods of time in day-to-day 
life. Nonetheless, there are barriers to using wearable devices 
for mobility monitoring in older adults—in clinical studies,
healthcare and as part of population health surveillance—
that continue to limit their widespread usefulness and
application [8, 9]. 

Wearable technology used in mobility research encom-
passes a variety of devices and sensor types that include, 
among others, accelerometers (e.g. ActiGraph, Axivity, 
GENEActiv), global positioning systems and consumer-
grade devices (e.g. smartwatches, mobile phones). Currently, 
there is a lack of standardised methods across studies regard-
ing terminology, outcome measures and device features
and data processing algorithms, making interpretation of
results challenging [10]. Importantly, these methodological 
considerations can affect the validity of device-derived 
mobility measures in older adults. For instance, the location 
where an accelerometer is worn influences what metrics can
be extracted from the data (such as body posture versus
physical activity intensity) [11, 12]. Furthermore, older 
adults tend to walk more slowly and may use gait aids that 
can impact the reliability and validity of some device-derived
measures [13, 14]. More recently, there have been calls for 
better reporting of methods including algorithms used to 
take the raw data from these devices and derive the outcomes 
reported. Algorithm reporting is further complicated by 
the use of consumer-grade wearables, where researchers do 
not always hav e access to the raw data or the proprietary
algorithms used to report or confirm validity of the algorithm
for use in their population of interest [9]. 

Several groups are working independently to address 
concerns around validation of device-deriv ed mobility
measures for clinical populations (e.g. Mobilise-D) [15]  and  
to improve standardisation of wear protocols and algorithms 
for various device measures (e.g. LABDA, NiMBaL Wear,
ProPASS consortium) [16–18]. Standardising terminology 
and data collection approaches across efforts is crucial 
for data harmonisation and accurate interpretation of
results, especially as many major organisations, including
the WHO [19], work to revise health surveillance and 
movement guidelines based on wearable data [19]. As 
population-based ageing cohorts around the world increas-

ingly integrate wearable technology into data collection 
protocols (e.g. Canadian Longitudinal Study on Aging, 
China Kadoorie Biobank, National Health and Aging Trend
Study, UK Biobank) [20–23], it is essential to consider the 
unique needs and age-related changes of older adults.

This paper describes the outcomes of an international 
consensus exercise on wearable technology for measuring 
mobility in ageing populations worldwide. The 2-day con-
sensus meeting aimed to (i) establish minimum standards 
for measuring mobility with wearable technology in ageing
populations and (ii) identify critical knowledge gaps and set
priorities for future research to advance the field.

Methods 
In November 2024, a group of 24 researchers, including the 
steering committee, with international expertise in wearable 
technologies and ageing populations, convened for a 2-
day in-person meeting in Burlington, Canada. The steering 
committee (M.B., A.S., B.M. and P.R.) identified and invited 
experts based on their publication record and recognised 
contributions to the field of wearable technology for assess-
ing mobility or physical activity in older adults. Potential 
individuals were invited by email, and in some cases, addi-
tional names were raised by invitees (i.e. snowball sampling). 
Prior to the meeting, attendees receiv ed relevant pre-readings
(identified through systematic searches in Medline, reference
list screening and expert consultation). They were also pro-
vided with a summary document outlining key concepts,
such as the definition of mobility and its proposed subdo-
mains, and were asked to complete a pre-meeting survey
(Appendix E). This study is reported in accordance with the 
ACcurate CO nsensus Reporting Document (ACCORD)
guidelines [24]. 

Mobility definition and operationalisation

We adopted the WHO’s definition of mobility, mobility in 
all forms including: ‘Getting up from a chair or moving from 
a bed to a chair, walking for leisur e, exercising, completing
daily tasks, driving a car and using public transport’ [1, 2]. To 
guide the discussions on standards for wearable-derived mea-
sures of mobility and their associated collection methods, the 
following six nonmutually exclusive subdomains of mobility 
were proposed based on discussion of the definition among 
the steering committee and expert feedback during the pre-
meeting surv ey: (i) walking, (ii) physical activity, (iii) body
posture, (iv) transitions, (v) life space and (vi) transportation
(Box 1). 

Consensus exer cise

The consensus meeting was facilitated by a trained group 
facilitator from Queens University Executive Decision Cen-
ter at the Smith School of Business and a senior scientist 
with expertise in mobility and consensus work (J.R.). For
this consensus exercise, we used a modified Nominal Group
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Box 1. Proposed subdomains based on the World Health Organization’s mobility definition

Subdomain Examples of included movements and b ehaviours
.  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  
Body Posture Body position (lying, sitting, standing) and sedentary behaviour
Walking Dynamic balance and walking-related activities like turning and stairs
Physical Activity Structured exercise such as walking or r unning on a treadmill
Transportation Includes the option for activ e transpor tation
Life Space Interaction with the environment, social mobility and consideration of locations encouraging social interaction like 

parks, community centres, etc.
Transitionsa Changes in body position such as getting up from a chair or bed
aThe subdomain of transitions was added based on experts’ feedback in the premeeting survey

Technique (NGT) appr oach [25] that employed traditional 
facilitation and group decision support technology (‘the 
Decision Centre’, Smith School of Business at Queen’s 
University, Kingston, Canada) to generate ideas and deter-
mine priorities. The NGT approach iteratively generates
individual opinions, clustering similar ideas and generat-
ing a group consensus [25]. Modifications were made to 
accommodate the number of participants. Individual experts 
did not provide ideas/concepts in a round robin format; 
rather, experts were divided into small groups (n = 5)  to  
collect ideas and then rejoined the large group for discussion, 
ideas/concept refinement (i.e. identify missed or redundant 
concepts/items) and anonymised voting. Groups were cre-
ated based on pre-meeting survey responses to ensure a 
diversity of exper tise and years of experience in each small
group. A facilitation team was created (n = 8), and a member
was present in each group to record discussions and facilitate
item generation using the digital support technology.

An a  priori  consensus threshold was set at 80% with 
the option for further discussion of items ‘on the margin’
(50%–79%) [26, 27]. Below, we outline the questions posed 
during the meeting and the corresponding methods for each. 
Anonymised voting results (counts and percentages) were 
shared with the group in visual form immediately following.

1. Which device-derived measures can be used to 
assess the various mobility subdomains?

For each mobility subdomain, attendees began by brain-
storming ideas in small groups. Following the large group 
discussion, each participant was asked to select ‘the most 
critical device-derived measures to characterize this subdo-
main of mobility’ and instructed to anonymously v ote for
each item they deemed critical on their individual laptop
computer. Additional discussions took place for items on the
margin, and after discussion, the same prompt was used to
vote on these items.

2a. Regardless of the subdomain/measure of 
interest, what are some general best practices that 
we can all agree on that should be follo wed when
selecting and using a wearable device for mobility
measurement in older people?

In their small groups, experts brainstormed ideas and then 
selected their top five or six ideas to move forward to the 

large group discussion. The chair of the steering committee 
(M.K.B.), with assistance from the senior facilitator (J.R.), 
then organised ideas into six phases of research that were 
identified in the large group discussion: preplanning, choice 
of device features, data collection, processing, analytics and
reporting. Individuals were then asked to vote yes/no ‘I
agree this is an essential principle’, for each idea. Additional
discussions were held for items on the margin and voted on
again using the same prompt.

2b. In addition to the general best practices, do any 
of the subdomains or critical measures/outcomes as 
per question 1 require specific additional
considerations for measurement via wearables (e.g.
wear location, analytical considerations)?

Ideas were generated in the large group, but discussions 
highlighted the complexity of the question, which required 
more time than the meeting allowed. As a result, this was
treated as a brainstorming exercise, with no voting or ranking
taking place.

3. What are the priorities for future research on 
wearable technology in ageing populations?

As part of the pre-meeting survey, attendees were asked to 
identify future research priorities that the steering commit-
tee organised into eight themes. A large group discussion 
was held to determine if any additional ideas had emerged 
over the course of the consensus meeting. All ideas were 
reviewed and consolidated, and attendees selected their top
six research priorities. Finally, attendees self-selected a small
group based on the top five themes to brainstorm ways to
move the area forward.

Consensus e valuation

In concluding the meeting, attendees were asked to discuss 
next steps for this work and to complete an anonymised 
evaluation of the consensus process (i.e. ratings on agree-
ment with conclusions, satisfaction with discussions and
understanding of what was done).

Role of funding source

One of the funding sources could only be used to support 
travel for UK-based experts. Neither funding source was
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involved in the study design or interpr etation/presentation
of results.

Results 
A total of 24 researchers with decades of experience gathered 
from 20 institutions across Australia (n = 2), Canada (n = 6), 
Ireland (n = 1), Israel (n = 1), Germany (n = 1), Spain (n = 1), 
the UK (n = 10) and the USA (n = 2). The majority of partic-
ipants (63%) had over 10 years of experience in wearable 
technology research (63%), with 21% having 6–10 years 
and 17% having 3–5 years of experience. Most attendees 
(92%) had a background in health and clinical sciences, and 
63% were male. The group brought together complementary 
expertise—including data science, exercise physiology and 
epidemiology—and represented key research consortia such 
as Mobilise-D, PROPASS and the UK Biobank. Participa-
tion in voting and ranking exercises ranged from 22 to 24
individuals, with 20 completing the final evaluation. Dur-
ing the introductory session, participants agreed to define
‘ageing’ as beginning at age 60 or older, aligning with the
WHO’s Decade of Healthy Ageing, to guide all subsequent
discussions [28]. 

Device-derived measures for mobility subdomains

All mobility subdomains had at least three measures that 
reached consensus (≥80% agreement). In total, 20 device-
derived measures were endorsed across the six subdomains: 
walking (n = 4; 33%), physical activity (n = 5; 50%), body 
posture (n = 2; 25%), transitions (n = 3; 25%), life space
(n = 3; 21%) and transportation (n = 4; 40%). Voting results
are displayed in Figure 1, and measures not reaching con-
sensus are listed in Appendix A, Tables A1–A6. For physi-
cal activity and transportation, a secondary discussion and 
vote were held for measures on the margin. This process 
resulted in the inclusion of three additional measures for
physical activity (totalling five), while no further measures
for transportation achieved consensus.

Guiding principles for optimal mobility 
measur ement in older people

During discussions, attendees determined that ‘guiding 
principles’ were more practical than ‘general best practices’. 
Over 70 guiding principles were identified in small groups 
and categorised into six phases of the research process. Of
these, 30 guiding principles reached consensus (Table 1). 
Three principles received 100% agreement: (i) the data 
collection period should be appropriate to the study goals, 
(ii) the need for quality control checks (data and device) and 
(iii) where possible, data and code should be placed in an 
open access repository. Three principles from choice of device
features and one from analytics reached consensus during a
secondary vote. The remaining 26 guiding principles did
not reach consensus (Appendix B, Tables B1–B6). Ideas 

generated during the brainstorming exercise for question 2b 
ar e summarised in Supplementary Table B7.

Priorities for future research on wearable 
technolog y in ageing populations

During the large-group discussion, participants contributed 
over 20 additional ideas to the eight thematic areas identi-
fied in the pre-meeting survey. These were refined into 16
distinct research priorities (Appendix C, Table C1). Lon-
gitudinal studies and data collection emerged as the top-
ranked priority (19 out of 23 votes), followed by digi-
tal biomarkers and health outcomes (n = 15), contextual 
data capture (n = 14), algorithm development and validation 
(n = 12) and integration with healthcare systems (n = 11). 
Other priorities included standardisation of metrics and 
protocols (n = 10), creation and implementation of shared 
standard datasets (n = 8), user-centred design (n = 8), devel-
opment of data visualisation methods (n = 7) and defin-
ing minimum datasets for digital biomarkers (n = 6). Addi-
tional lower-ranked priorities included understanding low-
intensity movement (n = 6), engagement with commercial
wearable manufacturers (n = 4), development or adoption of
collaborative platforms (n = 4) and establishing a monetary
value proposition. Descriptions of the top five priorities are
shown in Table 2. 

During the small group brainstorming sessions focused 
on the top five research priorities, several key areas for 
future investigation were identified. For (i) Longitudinal 
Studies and Data Collection, participants emphasised the 
need for research in low- and middle-income countries and 
the importance of repeated measures to capture mobility 
trajectories over time. For (ii) Digital Mobility Biomarkers 
and Health Outcomes, discussions highlighted the necessity 
of validating biomarkers by assessing measurement error, 
cost-effectiveness and data collection efficiency. In (iii) Con-
textual Data Capture, participants explored methodologi-
cal approaches such as multi-modal sensing and the use 
of ecological momentar y assessment (EMA) triggers. For
(iv) Algorithm Development and Validation, concerns were
raised about the current reliance on wrist-worn accelerom-
eters and the need for broader validation across devices
and populations. Finally, for (v) Integration with Health
Systems, discussions centred on the importance of training
healthcare professionals and creating appropriate incentives
for adoption. Summaries of these discussions are provided in
Supplementary Table C2. 

Consensus e valuation

Twenty attendees (80%) completed a five-item survey, with 
response options ranging from 1 strongly disagree to 5 
strongly agree. Attendees’ responses showed a high level 
of understanding and agreement with the content from 
the meeting, with a median value of 5 (IQR 2–5) for ‘I
understand what we have developed here’ and a median of 4
(IQR 2–4) for ‘I am satisfied with the discussion and covered
what we needed to’. Importantly, attendees demonstrated
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Figure 1. Voting results for the top six critical device–derived mobility measures for each mobility subdomain. Critical device– 
derived measures are those that reached 80% agreement or more. Not all measures voted upon are shown here. For a full list of the
measures that did not reach consensus, see Appendix A, Tables A1–A6. 

belief in and commitment to what was developed in this 
meeting with median scores to ‘I believe we will be successful 
in implementing these priorities’ and ‘I agree with and am 
committed to what we have developed’ of 4 (IQR 2–4) and
5 (IQR 3–5), respectively (Appendix D). 

Discussion 
This was the first international consensus meeting specifi-
cally convened to address the use of wearable technology 

for mobility measurement in ageing populations. Over the 
course of 2 days, 24 experts achieved consensus on 20 critical 
device-derived measures for the six subdomains of mobility, 
developed 30 guiding principles for the implementation of 
wearable-based mobility assessment in older people, and 
identified 16 key research priorities to advance the field. The
outcomes of this initiative provide a foundational frame-
work to guide mobility measurement in ageing research and
clinical practice, inform the development of regulatory stan-
dards and guidelines, enhance methodological transparency
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Table 1. Guiding principles for optimal device-based mobility measurement in older people

Pre-planning phase [22 voters]: 

1. Consider data protection/security issues [86%] 
2. Choose sensor wear configuration [e.g. multi-modal sensors, wear location(s)] based on research question/context of use [86%] 
3. Consider usability and feasibility of device (will people actually wear it?) [86%] 
4. Choose body wear location depending on measures of interest in cohor ts [83%] 
5. Consider the cost—including support staff, development/analytics and data transmission/cloud ser vices [82%] 

Selecting device features [22 voters]: 

1. Consider access to data (privacy & anonymity): if using a commercial wearable, it is important to be aware of country regulations on who has access 
[96%]a 

2. Access to raw data on selected device(s) is preferable [95%] 
3. Choose longer battery life for continuous monitoring [91%] 
4. Consider data ownership (commercial vs. research) [86%] 
5. Consider flexibility of configuration options—balance length of monitoring and granularity (highest resolution you can afford) [86%] 
6. Consider the trade-offs with commercially available devices vs. research devices [83%]a 

7. Consider user acceptability [83%]a 

Data collection phase [23 voters]: 

1. The data collection period should be appropriate to the study goals (for longitudinal studies with ageing populations, a minimum of 7 days should be 
considered to capture mobility on weekdays and w eekends) [100%] 

2. Perform quality control checks—data & device (i.e. sensor location/reorientation, quantify wear & nonwear time, routine checks of sensor 
quality/maintenance) [100%] 

3. Collect with the highest resolution you can afford (time, battery life) [87%] 
4. Consider how to minimise loss of data throughout [87%] 
5. Consider the device return process (ease of r eturn, burden, cost) [83%] 

Data processing phase [23 voters]: 

1. Perform calibration quality c hecks [96%] 
2. Periods of nonwear need to be identified [96%] 
3. Use appropriate open-source software for processing [91%] 
4. Use the most population-appropriate validated algorithm for pr ocessing of all d ata [91%] 
5. Use validated measures or, at minimum, transparent access to data and transformations to support repr oducibility/validity [91%] 
6. Consider temporal synchr onisation [83%] 

Analytics phase [23 voters]: 

1. Provide transparent access to data and transformations to support reproducibility/v alidity and review of pipeline code [96%] 
2. Method protocols & algorithms should be validated (technically and clinically) and evaluated in terms of reliability [91%] 
3. Analytical pipelines should aim to be device agnostic [91%]b 

Reporting phase [22 voters]: 

1. Place data and code in an open-access repository where possible (consider ethics) [100%] 
2. Clearly report approaches to data aggregation (e.g. for processing and summarising data outcomes to enable replication and aid interpretation) [95%] 
3. Provide comprehensive reporting of methodology [91%] 
4. Standardise reporting of methodology (develop appropriate checklist for g uidelines) [82%] 

Agreed upon guiding principles are presented according to research phase. The percent agreement reached for each guiding principle is shown in the brackets. 
aAgreement was reached during the secondar y vote, which had 23 voters. bAgreement was reached during the secondary vote, which had 22 voters.

and reproducibility, and shape future research directions in 
this rapidly evolving area.

The growing use of wearable technologies offers researchers 
and healthcare professionals new opportunities to assess key 
components of healthy ageing. As researchers, organisations 
and commercial companies race to incorporate these new 
tools, a variety of methods and outcomes are reported, 
often lacking the detail required to ensure transparency 
and r eproducibility. While some wearable-derived measures
have been used for decades (e.g. the Canadian Health
Measures Survey has been collecting accelerometry data
on physical activity since 2007) [29], only recently have 

efforts begun to standardise and harmonise these methods. 
In 2023, the WHO held a planning meeting on physical 
activity measur ement and surveillance in adults, discussing
the inclusion of wearables, associated challenges and future
research needs [19]. This consensus exercise builds on the 
WHO’s work by considering all subdomains of mobility 
(i.e. beyond physical activity) and, importantly, addr esses the
unique needs (e.g. mobility limitations, skin sensitivities) of
the older adult population [12]. 

This consensus exercise identified the most critical mea-
sures for ensuring that key aspects of later-life mobility are
consistently and accurately captured by wearable devices. Of
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Table 2. Top five priorities (ranked) for future research on wearable technology in ageing populations

1. Longitudinal Studies and Data Collection (83%): Support the development of longitudinal datasets that link wearable data with health outcomes over time. 
This research should focus on understanding mobility trajectories, the impact of behaviours on health and the effectiv eness of interventions based on real-time
data.
2. Digital Biomarkers and Health Outcomes (65%): Explore the identification and use of digital biomarkers (e.g. gait speed, balance metrics) for diagnosing 
and monitoring age-related diseases. Research should aim to clarify how these biomarkers can inform clinical practice and enhance understanding of disease
progression.
3. Contextual Data Capture (61%): Investigate methods for capturing contextual information related to mobility and activities in real time, such as location, 
social interactions and environmental factors that may influence physical activity in older adults.
4. Algorithm Development and Validation (52%): Focus on creating and validating algorithms and standards tailored specifically for older adults with varying 
functional capacities. This includes ensuring the accuracy and clinical utility of wearable metrics.
5. Integration with Healthcare Systems (48%): Investigate methods for effectively integrating wearable technology data into existing healthcare systems. This 
includes exploring how wearable data can enhance clinical monitoring and decision-making processes.

the six mobility subdomains, physical activity had the most 
agreed-upon core measures (n = 5) and body postures had 
the fewest (n = 2). This disparity may be partly attributed 
to not only the core expertise of the consensus participants 
(i.e. leaning more towards physical activity) but also the 
complexity of the subdomain (i.e. physical activity covers a 
broad range of outcomes that have been extensively studied 
in multiple populations). There is currently a lack of consen-
sus and standardised definitions regarding the specific subdo-
mains and categorical hierarchy of mobility. Future work to 
formally define and structure these concepts is vital for efforts 
to harmonise research and identify gaps. For the purpose
of this work, to support current and ongoing research, we
proposed six mobility subdomains to provide structure for
the discussions and reflect the diversity of constructs found
in the WHO’s mobility definition. These subdomains were
somewhat ambiguous and not necessarily mutually exclusive,
meaning proposed measures for each could overlap.

Notably, step count was considered a critical device-
derived measure for both the walking and physical activity 
subdomains. While the importance of step count was made 
clear by these votes, there were points of contention and 
in-depth dialogue during discussions. Discourse included 
what is being reported as a step and the need for more 
transparency on analytic approaches for deriving step count 
(e.g. step vs. stride, stepping vs. walking), as well as the data 
collection methods that could impact the validity of step 
count measurement (e.g. device type and w ear location).
Specifically, from an ageing lens, concerns were raised around
detecting steps in individuals with slower and/or altered
gait or those using a gait aid, and applying algorithms
with step identification thresholds developed in younger
age groups. Therefore, although step count had one of the
highest levels of agreement (96% for walking), even this
widely endorsed measure requires further investigation for
ageing populations.

A total of 30 guiding principles for the measurement of 
mobility using wearable technology in older adults reached 
consensus. The importance of transparency was reflected 
within the accepted principles—transparency in data access 
and selection of algorithms/pipelines, the use of open-source 
code and data repositories and clear reporting of data aggre-

gation approaches. With the absence of a current standard 
for data processing (e.g. data cleaning, cut-points), these 
expert opinions emphasise the need for better reporting to 
help promote reproducibility and prevent misinterpretation 
and inappropriate aggregation of results. Consideration of 
the data collection period and sensor wear configuration 
principles also received high levels of agreement, 100% 
and 86%, respectively. However, they did not result in one
standard but rather principles that reflected the importance
of decisions matching the research question and context.
For example, it was suggested that for longitudinal ageing
studies, a period of at least 7 days should be selected to cap-
ture activities on weekdays and weekends. Based on current
evidence and experience, more specific recommendations
about the data collection period and sensor configuration
were not viewed as feasible at this time.

Our findings highlight several future research priorities. 
Discussion regarding Longitudinal Studies emphasised the 
need to address the variability of measures over time (e.g. 
reliability of device-derived measures) and the frequency 
needed to capture the rapid changes in functional status 
that are often observed in older adults. Discussions also 
highlighted the need to support cohort studies in lower- and 
middle-income countries and address the costs and unique 
challenges of device-based measurement in these settings. 
The second priority area, Digital Biomarkers and Health Out-
comes, underscored the need for reliable and valid measures of 
mobility with established minimal important change thresh-
olds, robust normative values and further understanding 
of the relationships between digital biomarkers and health 
outcomes. In the remaining three priority areas, discussions
focused on incorporating physical and social environmental
factors into mobility assessments (e.g. different EMA triggers
and what to capture in and outside the home), evaluating
the role of wrist-worn accelerometers and the potential for
additional sensor data (e.g. heart rate) to enhance outcome
accuracy and underscoring the clinical utility of device-
derived mobility metrics, including necessary training and
implementation barriers.

This consensus exercise represents a significant step for-
ward in standardising wearable-based mobility measurement 
in ageing populations. A key strength was the breadth and
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depth of expertise among participants, who brought decades 
of experience and represented major international consortia 
and initiatives. The methodology—featuring independent 
facilitation, iterative in-person discussions and anonymous 
digital voting—enabled real-time refinement of ideas while 
preserving participant autonomy and minimising bias. 
However, several limitations should be acknowledged. The 
expert panel was predominantly composed of individuals 
from high-income countries, particularly the UK and 
Canada, with limited representation from low- and middle-
income settings. Future efforts should prioritise broader 
geographic and socioeconomic inclusion. Additionally, 
future work must incorporate perspectives from older adults 
themselves, industry stakeholders (including pharmaceutical 
and technology sectors) and regulatory agencies. Their input 
is essential to ensure that the consensus findings are both 
valid and implementable across real-world settings. While 
most voting exer cises had high participation (10 out of 14
votes included over 90% of attendees), not all participants
voted in every round. The panel comprised experts in their
respective fields, but they brought diverse skill sets and
experiences, meaning not all participants shared the same
depth of knowledge across every topic discussed. This may
help explain why, although general guiding principles were
formally voted upon, the guiding principles for individual
device-derived measures (Question 2b; Supplementary Table 
B7)—such as wear location for measuring walking—were 
not subject to voting or ranking, as extensive discussion was
needed and consensus was not deemed feasible within the
time available.

Building on this foundational work, further consensus 
efforts are needed to refine best practices for specific device-
derived mobility measures. For example, while 83% of 
participants agreed that physical activity intensity is a critical 
measure for older adults, there was substantial discussion 
around the limitations of current classification methods 
(e.g. reliance on cut-points) and the need for validated, 
population-specific approaches. Future working groups 
should expand collaboration to include researchers focused 
on improving wearable data reporting and the development 
of standar dised reporting guidelines. Broader engagement
with the global research community will be essential to refine
and adopt these recommendations. Additional consensus
exercises may also be warranted to address emerging topics
such as the integration of machine learning and artificial
intelligence (AI) and the use of wearables as interventions to
promote mobility.

Finally, to overcome persistent implementation barriers in 
clinical and public health practice, coordinated action across 
stakeholders is essential. Key areas for action include: (i) 
establishing standardised protocols and outcome definitions 
to support comparability and regulatory acceptance; (ii) 
fostering early collaboration among researchers, clinicians, 
industry and health authorities to ensure clinical relevance 
and scalability; (iii) promoting data sharing and transparent 
reporting to strengthen evidence synthesis; and (iv) advocat-
ing for inclusion of validated digital mobility measures in

clinical guidelines and relevant regulatory or reimbursement
frameworks. Advancing these steps will allow the research
community to move beyond validation towards meaningful
adoption and impact in real-world settings.

In summary, this study presents the first international 
consensus on wearable technology for mobility measurement 
in ageing populations. The resulting 20 consensus-based 
measures, 30 guiding principles and 16 research priorities 
offer a robust framework to harmonise research practices, 
inform regulatory development and shape future investi-
gations. Policymakers can use these findings to develop
guidelines for monitoring and promoting healthy ageing,
while researchers can build on them to design more com-
parable, generalisable studies that deepen our understanding
of mobility and health in later life.

Acknowledgements: M.K.B. and C.D. contributed equally 
to this manuscript. The project was conceptualised by the 
steering committee (M.K.B., A.S., P.R., B.M.). The steer-
ing committee and facilitation team (K.B.B., B.F.C., C.C., 
C.D., R.K., A.P., J.R.) assisted in preparation for the meeting 
(assembling premeeting materials and planning). All authors 
took part in the 2-day meeting as either experts or members 
of the facilitation team. The meeting was chaired by M.K.B. 
and facilitated by J.R. and Erik Lockhart. Results were 
summarised by C.D. and A.P. The manuscript was drafted 
by M.K.B. and C.D. and all authors provided feedback 
and revisions. M.K.B. is the guarantor. We would like to
acknowledge the support of Erik Lockhart of Lockhart Facil-
itation and Queen’s Executive Decision Centre in conduct-
ing the consensus meeting. The content and views expressed
in this article are those of the authors and do not necessarily
reflect those of the Government of Canada (SPW).

Supplementary Data: Supplementary data are available at 
Age and Ageing online.

Declaration of Conflicts of Interest: M.K.B. is supported 
by a Tier 2 Canada Research Chair in Mobility, Aging and 
Chronic Disease. C.D. is supported by a CIHR postdoctoral 
Fellowship (FRN:200983). A.D. is funded by the Wellcome 
Trust [223,100/Z/21/Z]. A.D.’s research team is supported 
by grants from commercial organisations including Novo 
Nordisk, Swiss Re and Boehringer Ingelheim. E.S. is a paid 
consultant and holds equity in Complement 1, a US-based 
company whose services relate to physical activity, and he 
has been a paid expert witness in a court trial related to 
the contents of this article. JG-A & ISGlobal acknowledge 
support from the grant CEX2023-0001290-S funded by
CIN/AEI/10.13039/501100011033 and from the Gener-
alitat de Catalunya through the CERCA Program. L.A.
reports consultancy activity with Hoffmann-La Roche Ltd.,
outside of this article. P.R. Holds the Raymond and Margaret
Labarge Chair in Research and Knowledge Application for
Optimal Aging and is the Director of the McMaster Institute
for Research on Aging and the Labarge Centre for Mobility
in Aging.

9

https://academic.oup.com/ageing/article-lookup/doi/10.1093/ageing/afaf376#supplementary-data
https://academic.oup.com/ageing/article-lookup/doi/10.1093/ageing/afaf376#supplementary-data
10.13039/501100011033


M. K. Beauchamp et al.

Declaration of Sources of Funding: This consensus exer-
cise was funded by the McMaster Institute for Research on 
Aging (MIRA) and Labarge Centre for Mobility in Aging 
(to M.K.B). Additional funding was provided thr ough a UK
Research and Innovation Ageing Networks Global Partner-
ship Award (to A.S.)

References 

1. World Health Organization . World Report on Ageing and 
Health Geneva, Switzerland: World Health Organization, 
2015. Available from: http://apps.who.int/iris/bitstrea 
m/10665/186463/1/9789240694811%5Feng.pdf .

2. Satariano WA, Guralnik JM, Jackson RJ et al. Mobility 
and aging: new directions for public health action. Am J
Public Health 2012;102:1508–15. https://doi.org/10.2105/A 
JPH.2011.300631 .

3. Cooper R, Kuh D, Hardy R et al. Objectively mea-
sured physical capability levels and mortality: systematic 
review and meta-analysis. BMJ 2010;341:c4467. https:// 
doi.org/10.1136/bmj.c4467 .

4. Rosmaninho I, Ribeirinho-Soares P, Nunes JPL. Walk-
ing speed and mortality: an updated systematic revie w.
South Med J 2021;114:697–702. https://doi.org/10.14423/ 
SMJ.0000000000001318 .

5. Braun T, Thiel C, Peter RS et al. Association of clinical out-
come assessments of mobility capacity and incident disability 
in community-dwelling older adults - a systematic review and
meta-analysis. Ageing Res Rev 2022;81:101704. https://doi.o 
rg/10.1016/j.arr.2022.101704 .

6. Wohlrab M, Klenk J, Delgado-Ortiz L et al. The value of 
walking: a systematic review on mobility and healthcare costs. 
Eur Rev Aging Phys Act 2022;19:31. https://doi.org/10.1186/ 
s11556-022-00310-3 .

7. Beauchamp MK, Hao Q, Kuspinar A et al. A unified frame-
work for the measurement of mobility in older persons. Age
Ageing 2023;52:iv82–5. https://doi.org/10.1093/ageing/afa 
d125 .

8. Suri A, VanSwearingen J, Dunlap P et al. Facilitators and bar-
riers to real-life mobility in community-dwelling older adults: 
a narrative review of accelerometry- and global positioning 
system-based studies. Aging Clin Exp Res 2022;34:1733–46.
https://doi.org/10.1007/s40520-022-02096-x .

9. Shei RJ, Holder IG, Oumsang AS et al. Wearable activity 
trackers-advanced technology or advanced marketing? Eu r
J Appl Physiol 2022;122:1975–90. https://doi.org/10.1007/ 
s00421-022-04951-1 .

10. Canali S, Schiaffonati V, Aliverti A. Challenges and rec-
ommendations for wearable devices in digital health: data 
quality, interoperability, health equity, fairness. PLOS Digit
Health 2022;1:e0000104. https://doi.org/10.1371/journal. 
pdig.0000104 .

11. Pulsford RM, Brocklebank L, Fenton SAM et al. The 
impact of selected methodological factors on data collec-
tion outcomes in observational studies of device-measured 
physical behaviour in adults: a systematic review. Int J
Behav Nutr Phys Act 2023;20:26. https://doi.org/10.1186/ 
s12966-022-01388-9 .

12. Schrack JA, Cooper R, Koster A et al. Assessing daily physical 
activity in older adults: Unraveling the complexity of mon-
itors, measures, and methods. J Gerontol A Biol Sci Med Sci
2016;71:1039–48. https://doi.org/10.1093/gerona/glw026 .

13. Kooner P, Schubert T, Howard JL et al. Evaluation of the 
effect of gait aids, such as canes, crutches, and walkers, on 
the accuracy of step counters in healthy individuals. Orthop
Res Rev 2021;Volume 13:1–8. https://doi.org/10.2147/ORR. 
S292255 .

14. Larsen RT, Korfitsen CB, Juhl CB et al. Criterion validity 
for step counting in four consumer-grade physical activity 
monitors among older adults with and without rollators.
Eur Rev Aging Phys Act 2020;17:1. https://doi.org/10.1186/ 
s11556-019-0235-0 .

15. Rochester L, Mazzà C, Mueller A et al. A roadmap to 
inform development, validation and approval of digital 
mobility outcomes: the mobilise-D approach. Digit Biomark
2020;4:13–27. https://doi.org/10.1159/000512513 .

16. LABDA Consor tium . Learning Network for Advanced 
Behavioural Data Analysis Amsterdam: LABDA Consortium, 
2023. A vailable from: https://labda-project.eu/ .

17. Beyer KB, Weber KS, Cornish BF et al. NiMBaLWear 
analytics pipeline for wearable sensors: a modular, open-
source platform for ev aluating multiple domains of health
and behaviour. BMC Digital Health 2024;2:8. https://doi.o 
rg/10.1186/s44247-024-00062-3 .

18. Stamatakis E, Koster A, Hamer M et al. Emerging collabo-
rative research platforms for the next generation of physical 
activity, sleep and exercise medicine guidelines: the Prospective 
Physical Activity, Sitting, and Sleep consortium (ProP ASS). Br
J Sports Med 2020;54:435–7. https://doi.org/10.1136/bjspo 
rts-2019-100786 .

19. Physical Activity Measurement and Surveillance in Adults: Report 
of a Scoping and Planning Meeting, 27–28 November 2023. 
Geneva: World H ealth Organization, 2024, Licence: CC BY-
NC-SA 3.0 IGO.

20. Freedman VA, Kasper JD. Cohort profile: the National 
Health and aging trends study (NHATS). I nt J Epidemiol
2019;48:1044–1045g. https://doi.org/10.1093/ije/dyz109 .

21. Raina P, Wolfson C, Kirkland S et al. Cohort profile: the 
Canadian longitudinal study on aging (CLSA). Int J Epidemiol
2019;48:1752–1753j. https://doi.org/10.1093/ije/dyz173 .

22. Doherty A, Jackson D, Hammerla N et al. Large scale 
population assessment of physical activity using wrist worn 
accelerometers: the UK biobank study. PLoS One 2017;12:
e0169649. https://doi.org/10.1371/journal.pone.0169649 .

23. Chen Y, Chan S, Bennett D et al. Device-measured movement 
behaviours in over 20,000 China Kadoorie biobank partici-
pants. Int J Behav Nutr Phys Act 2023;20:138. https://doi.o 
rg/10.1186/s12966-023-01537-8 .

24. Gattrell WT, Logullo P, van Zuuren EJ et al. ACCORD 
(ACcurate COnsensus reporting document): a reporting 
guideline for consensus methods in biomedicine dev eloped
via a modified Delphi. PLoS Med 2024;21:e1004326. https:// 
doi.org/10.1371/journal.pmed.1004326 .

25. McMillan SS, King M, Tully MP. How to use the nominal 
group and Delphi techniques. Int J Cl in Pharm 2016;38:
655–62. https://doi.org/10.1007/s11096-016-0257-x .

26. Diamond IR, Grant RC, Feldman BM et al. Defining consen-
sus: a systematic review recommends methodologic criteria for 
reporting of Delphi studies. J Clin Epidemiol  2014;67:401–9. 
https://doi.org/10.1016/j.jclinepi.2013.12.002.

10

http://apps.who.int/iris/bitstream/10665/186463/1/9789240694811%5Feng.pdf
http://apps.who.int/iris/bitstream/10665/186463/1/9789240694811%5Feng.pdf
http://apps.who.int/iris/bitstream/10665/186463/1/9789240694811%5Feng.pdf
http://apps.who.int/iris/bitstream/10665/186463/1/9789240694811%5Feng.pdf
http://apps.who.int/iris/bitstream/10665/186463/1/9789240694811%5Feng.pdf
http://apps.who.int/iris/bitstream/10665/186463/1/9789240694811%5Feng.pdf
http://apps.who.int/iris/bitstream/10665/186463/1/9789240694811%5Feng.pdf
http://apps.who.int/iris/bitstream/10665/186463/1/9789240694811%5Feng.pdf
http://apps.who.int/iris/bitstream/10665/186463/1/9789240694811%5Feng.pdf
http://apps.who.int/iris/bitstream/10665/186463/1/9789240694811%5Feng.pdf
http://apps.who.int/iris/bitstream/10665/186463/1/9789240694811%5Feng.pdf
http://apps.who.int/iris/bitstream/10665/186463/1/9789240694811%5Feng.pdf
http://apps.who.int/iris/bitstream/10665/186463/1/9789240694811%5Feng.pdf
https://doi.org/10.2105/AJPH.2011.300631
https://doi.org/10.2105/AJPH.2011.300631
https://doi.org/10.2105/AJPH.2011.300631
https://doi.org/10.2105/AJPH.2011.300631
https://doi.org/10.1136/bmj.c4467
https://doi.org/10.1136/bmj.c4467
https://doi.org/10.1136/bmj.c4467
https://doi.org/10.1136/bmj.c4467
https://doi.org/10.1136/bmj.c4467
https://doi.org/10.14423/SMJ.0000000000001318
https://doi.org/10.14423/SMJ.0000000000001318
https://doi.org/10.14423/SMJ.0000000000001318
https://doi.org/10.14423/SMJ.0000000000001318
https://doi.org/10.1016/j.arr.2022.101704
https://doi.org/10.1016/j.arr.2022.101704
https://doi.org/10.1016/j.arr.2022.101704
https://doi.org/10.1016/j.arr.2022.101704
https://doi.org/10.1016/j.arr.2022.101704
https://doi.org/10.1186/s11556-022-00310-3
https://doi.org/10.1186/s11556-022-00310-3
https://doi.org/10.1186/s11556-022-00310-3
https://doi.org/10.1186/s11556-022-00310-3
https://doi.org/10.1093/ageing/afad125
https://doi.org/10.1093/ageing/afad125
https://doi.org/10.1093/ageing/afad125
https://doi.org/10.1093/ageing/afad125
https://doi.org/10.1093/ageing/afad125
https://doi.org/10.1093/ageing/afad125
https://doi.org/10.1093/ageing/afad125
https://doi.org/10.1007/s40520-022-02096-x
https://doi.org/10.1007/s40520-022-02096-x
https://doi.org/10.1007/s40520-022-02096-x
https://doi.org/10.1007/s40520-022-02096-x
https://doi.org/10.1007/s40520-022-02096-x
https://doi.org/10.1007/s00421-022-04951-1
https://doi.org/10.1007/s00421-022-04951-1
https://doi.org/10.1007/s00421-022-04951-1
https://doi.org/10.1007/s00421-022-04951-1
https://doi.org/10.1371/journal.pdig.0000104
https://doi.org/10.1371/journal.pdig.0000104
https://doi.org/10.1371/journal.pdig.0000104
https://doi.org/10.1371/journal.pdig.0000104
https://doi.org/10.1371/journal.pdig.0000104
https://doi.org/10.1371/journal.pdig.0000104
https://doi.org/10.1371/journal.pdig.0000104
https://doi.org/10.1371/journal.pdig.0000104
https://doi.org/10.1186/s12966-022-01388-9
https://doi.org/10.1186/s12966-022-01388-9
https://doi.org/10.1186/s12966-022-01388-9
https://doi.org/10.1186/s12966-022-01388-9
https://doi.org/10.1093/gerona/glw026
https://doi.org/10.1093/gerona/glw026
https://doi.org/10.1093/gerona/glw026
https://doi.org/10.1093/gerona/glw026
https://doi.org/10.1093/gerona/glw026
https://doi.org/10.1093/gerona/glw026
https://doi.org/10.1093/gerona/glw026
https://doi.org/10.2147/ORR.S292255
https://doi.org/10.2147/ORR.S292255
https://doi.org/10.2147/ORR.S292255
https://doi.org/10.2147/ORR.S292255
https://doi.org/10.2147/ORR.S292255
https://doi.org/10.1186/s11556-019-0235-0
https://doi.org/10.1186/s11556-019-0235-0
https://doi.org/10.1186/s11556-019-0235-0
https://doi.org/10.1186/s11556-019-0235-0
https://doi.org/10.1159/000512513
https://doi.org/10.1159/000512513
https://doi.org/10.1159/000512513
https://labda-project.eu/
https://labda-project.eu/
https://labda-project.eu/
https://labda-project.eu/
https://labda-project.eu/
https://labda-project.eu/
https://doi.org/10.1186/s44247-024-00062-3
https://doi.org/10.1186/s44247-024-00062-3
https://doi.org/10.1186/s44247-024-00062-3
https://doi.org/10.1186/s44247-024-00062-3
https://doi.org/10.1136/bjsports-2019-100786
https://doi.org/10.1136/bjsports-2019-100786
https://doi.org/10.1136/bjsports-2019-100786
https://doi.org/10.1136/bjsports-2019-100786
https://doi.org/10.1136/bjsports-2019-100786
https://doi.org/10.1093/ije/dyz109
https://doi.org/10.1093/ije/dyz109
https://doi.org/10.1093/ije/dyz109
https://doi.org/10.1093/ije/dyz109
https://doi.org/10.1093/ije/dyz109
https://doi.org/10.1093/ije/dyz173
https://doi.org/10.1093/ije/dyz173
https://doi.org/10.1093/ije/dyz173
https://doi.org/10.1093/ije/dyz173
https://doi.org/10.1093/ije/dyz173
https://doi.org/10.1371/journal.pone.0169649
https://doi.org/10.1371/journal.pone.0169649
https://doi.org/10.1371/journal.pone.0169649
https://doi.org/10.1371/journal.pone.0169649
https://doi.org/10.1371/journal.pone.0169649
https://doi.org/10.1371/journal.pone.0169649
https://doi.org/10.1371/journal.pone.0169649
https://doi.org/10.1371/journal.pone.0169649
https://doi.org/10.1186/s12966-023-01537-8
https://doi.org/10.1186/s12966-023-01537-8
https://doi.org/10.1186/s12966-023-01537-8
https://doi.org/10.1186/s12966-023-01537-8
https://doi.org/10.1371/journal.pmed.1004326
https://doi.org/10.1371/journal.pmed.1004326
https://doi.org/10.1371/journal.pmed.1004326
https://doi.org/10.1371/journal.pmed.1004326
https://doi.org/10.1371/journal.pmed.1004326
https://doi.org/10.1371/journal.pmed.1004326
https://doi.org/10.1371/journal.pmed.1004326
https://doi.org/10.1371/journal.pmed.1004326
https://doi.org/10.1007/s11096-016-0257-x
https://doi.org/10.1007/s11096-016-0257-x
https://doi.org/10.1007/s11096-016-0257-x
https://doi.org/10.1007/s11096-016-0257-x
https://doi.org/10.1007/s11096-016-0257-x
https://doi.org/10.1016/j.jclinepi.2013.12.002
https://doi.org/10.1016/j.jclinepi.2013.12.002
https://doi.org/10.1016/j.jclinepi.2013.12.002
https://doi.org/10.1016/j.jclinepi.2013.12.002
https://doi.org/10.1016/j.jclinepi.2013.12.002
https://doi.org/10.1016/j.jclinepi.2013.12.002
https://doi.org/10.1016/j.jclinepi.2013.12.002


Wearable technology consensus for mobility

27. Gottlieb M, Caretta-Weyer H, Chan TM et al. Educa-
tor’s blueprint: a primer on consensus methods in medical 
education research. AEM Educ Train 2023;7:e10891. https:// 
doi.org/10.1002/aet2.10891 .

28. Decade of Healthy Aging: Baseline Report. Geneva: World 
Health O rganization, 2020, Licence: CC BY-NC-SA 3.0
IGO.

29. Statistics Canada . Canadian Health Measures Survey (CHMS) 
Ottawa: Statistics Canada; 2007, [April 3 2025] Available 
from: https://www23.statcan. gc.ca/imdb/p2SV.pl?Function= 
getSurvey&Id=10263 .

Received 17 September 2025; accepted 4 November 2025

11

https://doi.org/10.1002/aet2.10891
https://doi.org/10.1002/aet2.10891
https://doi.org/10.1002/aet2.10891
https://doi.org/10.1002/aet2.10891
https://www23.statcan.gc.ca/imdb/p2SV.pl?Function=getSurvey&Id=10263
https://www23.statcan.gc.ca/imdb/p2SV.pl?Function=getSurvey&Id=10263
https://www23.statcan.gc.ca/imdb/p2SV.pl?Function=getSurvey&Id=10263
https://www23.statcan.gc.ca/imdb/p2SV.pl?Function=getSurvey&Id=10263
https://www23.statcan.gc.ca/imdb/p2SV.pl?Function=getSurvey&Id=10263
https://www23.statcan.gc.ca/imdb/p2SV.pl?Function=getSurvey&Id=10263
https://www23.statcan.gc.ca/imdb/p2SV.pl?Function=getSurvey&Id=10263
https://www23.statcan.gc.ca/imdb/p2SV.pl?Function=getSurvey&Id=10263
https://www23.statcan.gc.ca/imdb/p2SV.pl?Function=getSurvey&Id=10263
https://www23.statcan.gc.ca/imdb/p2SV.pl?Function=getSurvey&Id=10263
https://www23.statcan.gc.ca/imdb/p2SV.pl?Function=getSurvey&Id=10263
https://www23.statcan.gc.ca/imdb/p2SV.pl?Function=getSurvey&Id=10263
https://www23.statcan.gc.ca/imdb/p2SV.pl?Function=getSurvey&Id=10263
https://www23.statcan.gc.ca/imdb/p2SV.pl?Function=getSurvey&Id=10263
https://www23.statcan.gc.ca/imdb/p2SV.pl?Function=getSurvey&Id=10263
https://www23.statcan.gc.ca/imdb/p2SV.pl?Function=getSurvey&Id=10263
https://www23.statcan.gc.ca/imdb/p2SV.pl?Function=getSurvey&Id=10263
https://www23.statcan.gc.ca/imdb/p2SV.pl?Function=getSurvey&Id=10263
https://www23.statcan.gc.ca/imdb/p2SV.pl?Function=getSurvey&Id=10263

	 Establishing global standards on wearable technology for measuring mobility in ageing populations: an international consensus exercise
	Background
	Methods
	Results
	Discussion
	5  Acknowledgements:
	6 Supplementary Data:
	7 Declaration of Conflicts of Interest:
	8 Declaration of Sources of Funding:


