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Executive summary 

The World Health Organization (WHO) convened its fourth expert meeting on the use 
of wearable devices for measuring physical activity and sedentary behaviour in national 
population health surveillance systems on 25–27 November 2025 in Utrecht, Kingdom of 
the Netherlands. 

The meeting brought together national government representatives, statistical agencies 
and scientific experts to review country experience with wearable devices in national 
surveillance, examine technical issues affecting comparability and interpretation, consider 
emerging evidence on wrist-worn measurement of cycling, and identify priority actions 
to support future integration of wearables into WHO’s STEPwise approach to surveillance 
(STEPS) and other national monitoring systems.

Country experiences and key insights

Country experiences showed that integrating wearable devices into national surveillance 
systems is feasible but operationally complex. Approaches varied widely across 
countries, including differences in device type, wear location (wrist, thigh, hip), wear-time 
requirements, recruitment models, and data-processing methods. Most countries reported 
using wearable devices alongside questionnaires, recognizing their complementary 
roles. At the same time, countries differed in how wearable data were used within health 
monitoring systems, with some adopting device-based measures as primary indicators, 
while others used these data to generate behavioural insights to inform policy without 
replacing questionnaire-derived prevalence estimates.

This diversity in approaches reflected the need for future WHO global guidance and 
protocols to remain flexible, allowing adaptation to national contexts, resources and policy 
priorities. At the same time, it highlighted a central challenge: in the absence of clear 
guidance, wide methodological variation risks undermining data comparability over time, 
within countries and across countries.

Across almost all national experiences, representativeness was identified as the dominant 
challenge for wearable-based surveillance. Countries consistently reported lower 
participation among specific population groups, including older adults, people from 
lower socioeconomic groups, migrants, and individuals with poorer health or functional 
limitations. A range of strategies to improve participation and retention were described, 
including culturally tailored recruitment, community engagement, in-person contact, 
reminders, modest incentives and post-data collection participant feedback. However, 
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the evidence base on the effectiveness, equity and scalability of these approaches remains 
limited, and further empirical evaluation was recommended, including in low- and middle-
income settings.

Cost and operational feasibility were also recurrent concerns. High device costs, device 
loss, postal delays, fieldwork complexity and the analytic burden associated with large 
raw datasets were frequently cited as financial and logistical barriers to wider adoption at 
national scale. Overall, the discussions reinforced that no single model can suit all country 
contexts, and that future WHO guidance should grounded in scientific rigour while enabling 
flexibility to accommodate national capacity, affordability, and implementation realities.

Technical considerations for wearable-based surveillance

Discussions of country experience highlighted the need to re-examine a small number of 
technical decisions that strongly influence wearable-derived estimates and their usefulness 
for policy.

First, algorithm choice emerged as the dominant source of variation across key metrics, 
including sedentary behaviour, step counts and moderate-to-vigorous physical activity 
(MVPA). Evidence showed that different analytical protocols applied to identical raw 
data can generate substantially different estimates, with direct implications for data 
comparability and policy interpretation. Participants therefore agreed that transparent, 
independently evaluated, open-source algorithms are essential.

Second, wear location was confirmed as a critical decision point. Estimates derived from 
wrist-, thigh- and hip-worn devices are not directly comparable, as each placement captures 
different movement signals and requires placement-specific analytical approaches. 
Evidence from machine-learning methods was shared, demonstrating progress in 
developing algorithms that may help harmonize data across different wear locations.

Third, device brand was found to matter less than previously assumed, provided devices 
are worn at the same location and raw data are analysed using standardized methods. 
Differences between commonly used research-grade accelerometers were generally small 
relative to variation introduced by algorithm choice or protocol decisions. This finding 
supports the importance of future global guidance remaining device-agnostic while 
focusing on defining minimum and optimal technical specifications.

Finally, minimum wear-time criteria were recognized as a key determinant of data 
quality and feasibility. Evidence reviewed suggested that the number of days required 
to produce stable population-level estimates may be fewer than previously assumed. 
However, uncertainties remain – particularly where protocols systematically restrict wear 
days – highlighting the need for further work to define feasible, defensible wear-time 
recommendations for national surveillance systems.
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Measuring cycling 

Countries with high cycling prevalence emphasized the importance of accurately capturing 
cycling behaviour within national surveillance systems, given its contribution to total 
physical activity and its relevance for transport, health and climate policy. Discussion 
focused on the extent of cycling misclassification when using wrist-worn devices and the 
implications for estimates of MVPA. The meeting reviewed recent advances in machine-
learning approaches, including self-supervised models and signal harmonization methods, 
which show promising accuracy in free-living conditions. While these developments offer 
potential, delegates agreed that further refinement of the models is needed, as well as 
independent evaluation before wider use in national surveillance systems. Priority areas 
for further work include testing across more diverse populations and country contexts, 
inclusion of varied cycling modalities (including e-bikes), and assessment of implications 
for population-level estimates rather than algorithm accuracy alone.

Implications for WHO guidance and next steps

The meeting confirmed strong interest and momentum among governments, academic 
partners and WHO to advance the use of wearable devices for measuring physical activity 
and sedentary behaviour within national surveillance systems. Participants reaffirmed 
WHO’s critical roles in convening, reviewing evidence and standard-setting to support 
countries, while recognizing that further methodological, operational and governance 
work is needed. 

Priority actions identified focus on six interlinked areas. First, completion of WHO 
guidance on wearable devices for population surveillance was identified as a foundational 
normative deliverable, requiring further analytical work and consultation on: device 
specifications, benchmarking of algorithms, data governance and integration with self-
report. Second, targeted research and development is needed to address key evidence 
gaps, particularly algorithm validation in diverse populations, including low- and middle-
income countries and populations with atypical movement patterns. Third, the meeting 
recommended commencing a phased trial-and-adapt approach of demonstration studies 
as an intermediate step towards national adoption, ideally aligned with forthcoming 
STEPS surveys, supported by technical assistance, and – where needed – devices. Fourth, 
investment in developing national capacity – across fieldwork, data management, analysis 
and interpretation – was seen as essential for long-term implementation. Fifth, there is 
a need for strong communication resources to support policy-makers during periods 
of methodological transition and avoid undermining trust in established surveillance 
systems. Finally, alignment with evolving global physical activity guidelines was highlighted 
as critical to ensure future-proofing.

Overall, the meeting reaffirmed that wearable devices have significant potential to 
strengthen national physical activity surveillance and policy action, but realizing this potential 
will depend on coordinated global action, sustained investment, and clear guidance that 
balances scientific rigour with practical feasibility across diverse country contexts.
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Background

1	 https://wearable-landscape.info/vision.

Regular physical activity is essential for promoting both mental and physical health across 
all age groups. However, global levels of physical inactivity remain high: over 80% of 
adolescents and 31% of adults do not meet the levels of physical activity recommended 
by WHO.

To address this challenge, the Global Action Plan on Physical Activity 2018–2030 (GAPPA) (1) 
provides countries with a set of evidence-based policy recommendations (see Box 1). 
When implemented through a coordinated, multisectoral approach, these actions can 
help increase population levels of physical activity and contribute to achieving broader 
national health and development goals.

In 2018, Member States endorsed a global target to reduce physical inactivity by 15% 
among both adults and adolescents by 2030. Robust and regular population-level 
surveillance of physical activity is critical to track progress, assess implementation of 
GAPPA policy actions, and evaluate contributions to the prevention of noncommunicable 
diseases (NCDs) and other health, environmental, and societal outcomes. WHO technical 
support to countries includes providing guidance on instruments (such as surveys) and 
protocols to measure physical activity within national health monitoring systems, as well 
as assistance to advance policy implementation and monitoring.

At present, most countries rely on self-report survey instruments, which have known 
limitations such as recall inaccuracy, response bias, and high respondent burden (for 
example because of the complexity of questions, and length). Wearable digital devices – 
the market for which has seen a rapid increase in the past decade or so – offer a convenient 
alternative to self-report instruments. Developed for different wear locations on the body 
and with diverse functional capability, data processing methodologies, and prices,1 these 
devices offer several advantages: they enable continuous, multi-day data collection across 
different movement types; are non-invasive; and place minimal burden on respondents. 

Indeed, a small number of countries have now tested and/or incorporated a wearable 
device into their national monitoring systems in the quest for new ways to generate 
evidence that could potentially lead to new targets in future guidelines. However, there 
are technical, logistical, and financial barriers that currently limit the adoption of wearable 
devices and routine use at scale in national health surveillance systems. 

For example, an unintended consequence of the expansion in the diversity in device wear 
location and functional capacity (reflected in the published research literature and across 

https://wearable-landscape.info/vision
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countries in both devices and use) makes it very difficult to assess the comparability 
of reported results – and the same is true for population estimates of physical activity 
based on wearable devices. And for the purpose of population health monitoring, there 
is currently no internationally agreed standard – nor WHO-endorsed guidance – on which 
wearable device(s) are appropriate, nor which data collection and analysis protocols should 
be used to report physical activity metrics. 

To address these issues, WHO has convened a series of meetings to understand and 
scope the potential application of wearable technologies, the evidence base evaluating 
the performance of wearable devices, and related knowledge gaps. The first meeting (in 
November 2023) focused on current measurement methods and applications in adult 
populations (2), while the second meeting (in May 2024) followed the same agenda but 
focused on adolescent populations (3). Both meetings brought together scientific and 
technical specialists in measurement methods, wearable sensor technology, epidemiology, 
and population health surveillance of physical activity. A third meeting (in June 2025) 
built on the progress made and specifically set out to draft a set of wearable-device 
specifications for a defined set of priority metrics, and identify opportunities to address 
knowledge gaps and research priorities (4). 

Collectively, these meetings concluded that while it may be possible to make the transition 
to using wearable devices in monitoring systems for both adult and adolescent populations, 
and that the technology was getting relatively more affordable and feasible, several 
important logistical challenges and knowledge gaps remain. These issues are documented 
in the meeting reports and include: a lack of independent evaluation of analytical methods 
and machine-learning algorithms; limitations in training datasets (with poor diversity 
in the populations covered); and an absence of evidence from low- and middle-income 
country contexts. In addition, practical and logistical barriers to using wearable devices 
in national health monitoring are repeatedly raised, which include low response rates; 
sampling bias, leading to poor representativeness of the national population; and the 
costs and complexity of administering and handling very large and complex datasets. 

These and other issues were discussed in further detail during the fourth physical activity 
measurement meeting, held in November 2025. The meeting comprised delegates 
with scientific expertise in the measurement of physical activity, population health 
surveillance, use of wearable device and machine learning methods for data analyses 
and representatives from national governments and statistical agencies with experience 
of using wearable devices in national health monitoring systems. 



6

Objectives of the meeting

The meeting had three objectives: 

1.	 To share and review country experiences on the use of wearable devices in population 
health monitoring systems.

2.	 To review the evidence evaluating use of wrist-worn wearable devices to measure 
cycling behaviours.

3.	 To discuss knowledge gaps and research priorities to support testing and scaling of 
wearable devices in population health monitoring systems.

This report summarizes the technical discussion held during the fourth physical activity 
measurement meeting. It serves to disseminate the discussion and recommendations 
arising from the meeting and to inform the development of technical guidance on the use 
of wearable devices to measure physical activity in national monitoring systems. 

Box 1. Global policy calls for strengthening data systems and innovation 

Strategic Objective 4 of the Global Action Plan on Physical Activity calls for all countries 
to strengthen data information systems to support policy- and decision making, 
tracking of progress and the promotion of physical activity by: 

•	 Policy recommendation 4.2: “enhanc[ing] data systems and capabilities … to support 
regular population surveillance of physical activity and sedentary behaviour, across 
all ages and multiple domains; development and testing of digital technologies 
to strengthen surveillance systems; ... to ensure accountability and inform policy 
and practice”; 

•	 Policy recommendation 4.3: “strengthen[ing] research and evaluation capacity to 
stimulate the application of digital technologies and innovation to accelerate the 
development and implementation of effective policy solutions”. 

The WHO Global Strategy on Digital Health 2020–2025 (5) also calls for advancing 
the use of digital technologies, including artificial intelligence (AI), to improve health 
including through health promotion, surveillance and behaviour change.
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Section 1: Country presentations – 
learning from experience

2	 Canada, Denmark, Finland, Japan, Netherlands (Kingdom of the), Norway, Sweden, the United States of America.

A core objective of the meeting was to capture and discuss the lessons learned from the 
experience of eight countries2 in using wearable devices to measure physical activity and 
other related behaviours (such as sedentary behaviour and sleep) in national population 
health, sport, or physical activity monitoring systems. A total of 10 approaches from these 
eight countries were presented at the meeting (two countries presented two approaches 
each, see Table 1). One additional country (the United Kingdom of Great Britain and 
Northern Ireland) shared a planned protocol for a feasibility trial of wearable devices 
within a national monitoring system scheduled for implementation in 2026 (not included 
in Table 1). 

To facilitate the exchange of knowledge, support discussion and enable a comparison of 
all protocols and technical details used in each national experience, a summary table of 
their methods was completed using a standard template developed by WHO. Reports for 
all 11 examples are available on request. 

Table 1 provides an overview of the key details from 10 completed national experiences, 
and further details on each are available in Annex 3. Overall, the protocols used in this 
set of country experiences show considerable diversity. Highlights of the comparative 
analysis are as follows:

•	 Devices:

	– Four approaches used an ActiGraph (various models) – an accelerometer worn 
either on wrist, hip or thigh.

	– Three approaches used thigh-worn devices – Axivity, SENSmotion and ActivPAL.

	– One approach designed and manufactured an accelerometer (UKK-RM42) worn on 
the waist (and wrist at night); these devices were borrowed by a second country to 
trial in their approach. 

	– One approach used a pedometer (Yamax) worn on the hip but recently changed 
the protocol to allow the pedometer to be carried in a front pocket.

•	 Frequency: 

	– Japan has completed annual assessment for 34 cycles over 36 years (1989–2024).
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	– Canada has experiences from eight (ongoing) 2-year cycles (beginning in 2007).

	– Norway has experience from seven cycles (three among adults and four among 
children and adolescents).

	– The Kingdom of the Netherlands had completed a pre-pilot in 2023 followed by a 
regional pilot study in 2024.

	– All other countries had conducted between 1–3 cycles and most were conducted in 
recent years (that is since 2021). 

•	 Wear-time: 

	– The majority of approaches required a wear-time of 7 days; either continuously across 
24 hours (in seven approaches) or worn during waking hours only (in one approach).

	– The Kingdom of the Netherlands requested a wear-time of 9 days (24 hours) and 
Japan requested only one day, only during waking-hours.

•	 Data processing: 

	– Minimum wear-time for inclusion in analysis varied from one day to at least either 
three or four 4 days; some approaches employed additional criteria requiring 
a minimum number of hours of data collected per day or minimum step-count 
recorded per day.

	– Across the 10 approaches there were examples of the manufacturer’s proprietary 
algorithm being used (in three approaches) and the development of “in-house” 
algorithms (in five approaches) of which most were open source. 

•	 Device administration: 

	– In all but one approach ( Japan), devices were handed to participants during an 
in-person interview, conducted either at a centre or in the home (in four approaches) 
or posted to the individual’s home after recruitment (in six approaches). In Japan 
the survey field worker handed the device and a survey to the participant, there 
was no interview.

	– All but one approach (Japan) used a reply-paid postal service for the return of the 
device; in Japan the pedometer was given to participants to keep, so no return 
was required.

•	 Context

	– In two approaches (Finland FinFit and Norway NNPAS), wearable device-based 
measurement of physical activity was implemented in the context of a national 
system that also assessed individual physical fitness.

	– In all other approaches the wearable device was used within context of a national 
health survey (i.e. health interview with questionnaire), and for many this also 
included collecting additional physical measurements (e.g. height/weight, blood 
pressure) and biochemical measurements (e.g. blood glucose). 
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The analysis reveals that there are multiple ways to use wearable devices as part of a 
national monitoring system, and so this wide variety of national protocols may limit the 
comparability of reported data and national estimates of physical activity. The current 
level of diversity between protocols, even across this relatively small number of countries, 
highlights the need for global guidance to support all Member States on the options and 
appropriate choice of device, methods, data analysis and reporting. The meeting revealed 
that global guidance to ensure adoption of the most effective approaches, strengthen data 
collection and use, and allow country comparability is now due. The general discussion 
acknowledged that while individual countries place focus most on monitoring their own 
population, the opportunity to make country comparisons is of added value. From a 
global perspective it was acknowledged that comparability of wearable device data across 
countries, and/or the ability to harmonize different datasets, would be essential for the 
future development of device-based global estimates of physical activity and tracking of 
changes over time. 

Country presentations aimed to share reflections and learnings from practical experience 
and national contexts. Presenters were invited to address the following areas:

1.	 Briefly outline the context and monitoring system, project or survey, and outline 
government motivation to test or adopt a wearable device as part of national physical 
activity monitoring.

2.	 Identify the main challenges experienced in using a wearable device in your approach 
(for example issues related to protocols, infrastructure, organization, people, 
collaborations and processes).

3.	 Comment on response rates and the representativeness of the wearable-device 
dataset share any strategies employed to improve the response rates, compliance 
with protocols, and use of any statistical adjustments.

4.	 State the primary output metrics and comment on your experience of reporting data 
from both wearable-devices and self-report questionnaires, sharing any lessons on 
how best to communicate these data.

5.	 Provide key “take homes” and share any future improvement plans.
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Table 1. Summary of selected characteristics across country approaches 

Questiona 1.1 
System/study name

3.1 
Device

3.4
Wear location 

2.8 
Wear time

6.4
Minimum wear time

6.5
Algorithm

1.7 
No. of times

Canada Canadian Health 
Measures Survey (CHMS)

Actigraphb 
wGT3x-BT

Waist/hip 7/24 ≥ 4 days & ≥ 10 hours Developed own in SAS 
(Accel) and in R (Actical)

8 cycles

Denmark 1	 Danish National Health 
Survey (DNHS) 

SENSmotion Thigh 7/24 3 days & ≥ 20 hours 
+5 minutes walk/day

Pg – Actimotus 1

Denmark 2 Moving Denmark 2020 Axivity AX3 Thigh 7/24 – RWe ≥ 4 days & ≥ 10 hours + 
1WENDd

Developed own 1

Finland 1 Healthy Finland 2022–23 Actigraph 
GT9X Link

Wrist, NDc 7/24 – RWe 3 days – 24 hours GGIR R-package, 
Hildebrand / van Hees 

algorithms

2

Finland 2	 FINFIT STUDY UKK – RM42 Waist, NDc+ 
Wrist at night

7/24 – RWe 
+ switchf

≥ 4 days & ≥ 10 hours 
(+24h)

Own – UKK MAD-APE 3

Japan National Health and 
Nutrition Survey (NHNS)

Yamax 
(pedometer)

Waist/hip
(front pocket 
from 2024)

One day, 
waking 
hours

< 100 or ≥ 50 000 
steps on the day were 

excluded

N/A 34

Norway	 Norwegian National 
Physical Activity 

Surveillance (NNPAS)

Actigraph 
GTX3X+BT

Waist/hip 7/waking 
hours 

only – RWe

≥ 2 days & ≥ 10 hours Pg – Kinesoft 3

Sweden Health on Equal Terms 
(HLV)

UKK – RM42 Waist, NDc+ 
wrist at night

7/24 -RWe 
+ switchf

≥ 4 days & ≥ 10 hours + 
1WENDd

Open source: 
MAD-APE

2

United States 
of America

National Health & 
Nutrition Examination 

Survey (NHANES)

Actigraph 
GT3x

Wrist – NDc 7/24 Various used inc. ≥1 day Own – MIMS 
(open source)

2

Kingdom of the 
Netherlands

Accelerometer pilot ActivPAL 3/4 Thigh 9 days/ 
24 RWe

≥ 4 days /≥ 20 hours 
and ≥ 500 steps

Pg PALtechnologies pilot

a Refers to the corresponding question number in the template – available on request; b Actical device cycles 1–6, Actigraph cycle 7 in 2022; c ND: non-dominant wrist; d WEND: one weekend day; 
e RW – instructed to remove for water-based activity/shower/bath; fSwitch: instruction for different wear location at night; gP: proprietary software
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Key highlights from country presentations

Canada – Canadian Health Measures Survey (CHMS)

Context

•	 Evidence and experience from USA’s National Health and Nutrition Examination Survey 
(NHANES) stimulated discussion in Canada and this, combined with published research 
showing poor correlation between self-reported and device-measured activity, raised 
government interest in the use of wearable devices.

•	 Large discrepancies in estimates have been found in both directions (i.e. self-report 
estimates higher than device-based estimates, and vice versa), and this – combined with 
long-standing concerns about social desirability bias and the difficulty of physical activity 
recall – has led to government efforts to implement a device with the primary goal of 
a more accurate, population-representative national surveillance and research system.

Device and protocols 

•	 CHMS combines a household interview, physical health measures collected at mobile 
examination centres and accelerometry. It comprises a nationally representative sample 
of between 5000–6000 participants per 2-year cycle, with data collected from about 
16 or 17 locations across the country; mobile examination centres are transported to 
collection locations and participants are selected from within 100 km of the mobile 
examination centre sites. 

•	 Accelerometers are worn on the waist; Actical was used for cycles 1–6, with a change 
to ActiGraph for cycle 7 onwards; an additional change was made to the wear-time 
protocol, increasing from waking-hours only to 24-hour wear.

•	 Devices are handed out in person in the mobile examination centre and returned by 
pre-paid postal service.

Response rates and challenges

•	 There has been a declining participation in the survey over time, and especially in cycle 7 
(post-COVID), but response rates appear to be improving again in cycle 8.

•	 A major challenge is the operational burden of conducting a system that involves the 
household contact, a mobile clinic visit and a wearable device protocol.

•	 The key point of attrition is people not attending the mobile clinic visit; non-compliance 
with accelerometer wear-time is less of an issue once participants agree to come to the 
mobile clinic visit.

•	 A second major challenge is dealing with non-respondent bias, and Canada uses a 
sophisticated weighting approach to make estimates nationally representative. Sample 
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survey weights are created for the full sample and the accelerometer subsample, and 
bootstrap weights are used to properly estimate the variance of the estimates.

Data processing and device comparability

•	 Changing the device from Actical to ActiGraph was a major challenge. In order to 
understand the impact Statistics Canada conducted a large cross-walk study (n=100); 
between devices, analyses showed good agreement and mean bias on moderate to 
vigorous physical activity (MVPA) estimates, but poor agreement and large absolute 
differences for light-intensity physical activity, sedentary time, and step counts. Therefore 
the conclusion was that direct comparisons and continuity of trend are not possible 
across the device changeover, except very cautiously for MVPA. 

•	 Transparency about the uncertainty of estimates (variance) is very important and 
strict guidelines are in place to report standard error, coefficient of variation and 
confidence intervals.

Integration with self-report

•	 Canada continues to maintain its self-report questionnaire measure to provide 
information on physical activity by domains (transport, leisure, occupational) and uses 
the wearable device to provide quantitative data on total volume (guideline adherence) 
of sedentary time, light-, moderate-, vigorous-physical activity, and step counts.

•	 Wearable device and self-report measures are viewed as complimentary and both are 
seen as important in the context of the national surveillance system tracking 24-hour 
movement behaviours (physical activity, sedentary behaviour, sleep).

•	 Self-reported physical activity remains the core content on Canada’s larger, population-
based health surveys, which allow for better reporting on population subgroups 
(including equity-deserving groups, and to examine more local-level geographic 
distributions) that is necessary to inform policy and programmes. 

•	 Device data (viewed as stable) have also been used to assess how self-reported data 
evolve over time in response to changes to the questionnaire instrument, and this has 
been very useful.

Future adjustments

•	 Canada is considering handing out the device at the household visit and collecting it 
during the clinic visit to reduce the burden of posting and to improve alignment (overlap) 
of the self-report and wearable-device-wear windows.

•	 Canada has shared Statistical Analysis System (SAS) code online for the analysis of Actical 
data, and code for use in the R statistical package is to be released in early 2026. These 
steps are important to standardize analysis, increase transparency of methods, and to 
support data users and researchers.
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Canada – Key lessons

•	 National surveillance requires stability, rigorous weighting procedures to ensure national 
representativeness, and strong logistics. 

•	 Changing the device used was extremely disruptive to trend data. 

•	 Self-report data remains a vital piece of Canada’s national physical activity surveillance 
programme. The crossover study was important to help understand the transition.

•	 Accelerometry adds major operational complexity; analyses are very complex and data 
users need analytical support, clear manuals and statistical packages (which Canada 
has produced and published). 

•	 As interest in adopting a step-count as a surveillance target in Canada increases, the 
need to understand the impact of different bodywear location and different devices is 
vital. Whilst a step-count target offers a universal metric, it is viewed as problematic 
unless clarity on device and wear location is provided as part of future guidance (for 
example as benchmarks or standards). 

Finland – Healthy Finland Survey (THL)

Context

•	 The Finnish Institute for Health and Welfare (THL) has been running health surveys since 
the 1970s. 

•	 Wrist-worn accelerometry was integrated into the national health examination survey 
for the first time in the 2017 “FinHealth” survey, and again in the 2023 “Healthy Finland” 
survey. 

•	 Healthy Finland collects a random sample of 60 000 participants for the questionnaire, 
10 000 for health examination, and 2000 in the accelerometer subsample.

Device and data processing

•	 Healthy Finland uses the Actigraph GT9X-Link wrist-worn accelerometer, mailed to 
participants at home after obtaining consent during an in-person health examination; 
wear protocol is 7 days for 24 hours. 

•	 Accelerometer data analysis is undertaken in collaboration with University of Jyväskylä.

Response rates and representativeness 

•	 The health examination survey achieves a 59% response rate with the usable accelerometer 
data response rate achieving 55% (n=1086) in the accelerometer subsample; of these, 
48% (n=953) returned the accelerometer including data and 43% (n=860) provided at 
least 3 days of useable 24-hour data.
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•	 Non-response analyses are conducted for the whole sample, the health examination 
sample, and the accelerometer subsample data. To ensure population representativeness, 
population weighting is used to address non-response bias.

Integration with self-report

•	 A self-report questionnaire provided additional information on physical activity (i.e., 
domains and types of activity) and assessed sedentary behaviours. These data are used 
for evaluating adherence to physical activity recommendations, as they are from a larger 
sample with greater representativeness for reporting regional estimates. 

•	 The data from wearable devices are used to provide information on total volume of 
physical activity, on light-, moderate- and vigorous-intensity activity, as well as sedentary 
time and sleep. These data are used for complementary analyses such as an assessment 
of 24-hour movement behaviours and “rest-activity” patterns.

Challenges

•	 Logistical administration is a challenge, specifically the alignment of timing the wearable 
device to start within a postal-delivery protocol; this often led to a loss of data as it was 
based on a typical 1–3 day postal delivery but it sometimes took longer. (In addition, a 
transport strike caused delays and cold weather reduced performance of device and 
battery life).

•	 Device problems include battery life, which is reduced when the device is unused for a 
long period of time. 

•	 Device loss is another problem. Of the 150 devices provided, around 20 were lost, though 
some were recovered by postal tracking and phone contact with participant.

Looking ahead

•	 Next cycle planned for 2031 with in-person device administration at the clinic rather 
than using postal distribution.

•	 The purchase of new devices is required. 

•	 There is a plan to extend analysis using the linked data from wearable devices with 
national registry datasets to examine associations of physical activity and sedentary 
behaviours with a wider range of health issues.

Finland – Key lessons

•	 Aligning the commencement of data collection from the device with postal delivery 
remains a challenge as delays can affect data collection by reducing battery life. 

•	 A larger sample is needed for subgroup analyses.

•	 Handing out the device at the examination site would increase participation, reduce 
problems associated with delays, and improve data quality.
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Denmark – Two experiences: National Health Survey and “Moving Denmark” 

Context

•	 To date, two national Danish surveys – “Moving Denmark” in 2020 and the Danish 
National Health Survey (DNHS) in 2023 – have used accelerometry. Both studies should 
be regarded as pilot studies. Moving Denmark was a large-scale survey using device-
based measurements in a subsample, and the DNHS 2023 was a mid-term surveillance 
study with a focus on health and health behaviour in general, using device-based 
measurements for only a subsample. 

•	 As part of the ongoing DNHS, the National Institute of Public Health (University of Southern 
Denmark) applied for funding to conduct device-based physical activity measurement.

•	 Government interest in testing the use of accelerometers among the adult population 
was the result of a few factors: the positive experience from the Danish Health Behaviour 
in School Children (HBSC) project, which included device-based measures among 
adolescents; the recognized limitations of self-report data and the opportunity of devices 
to reduce recall and social desirability bias; the desire to test the reliability and validity of 
currently used questionnaires; and the interest in assessing the feasibility of integrating 
accelerometers in a large national-scale survey among adults.

Logistics and devices 

•	 The SENSMotion device was used in DNHS 2023. This thigh-worn accelerometer with 
bluetooth-connectivity requires participants to download a phone app, pair their 
device, and upload their data to the cloud, preferably daily; also requires participants 
to complete a sleep diary and record time at school or work.

•	 Axivity AX3 (a thigh-worn device) was used in the Moving Denmark study.

Participation and representativeness

•	 7000 participants were invited to take part in the 2023 DNHS, and around 1600 agreed. 
3750 were invited to take part in the Moving Denmark study, and around 1500 agreed. 
There was selection bias present in both approaches, with those agreeing to participate 
being more educated, more likely to be employed and more active. One proposed 
solution was to oversample the harder-to-engage population groups, but this had 
resource and cost implications.

•	 Overall compliance with the protocol was quite good, probably because of the thigh-
wear location and the device being waterproof so there was no need to remove it. 
In the DNHS, data were uploaded to the cloud continuously (participants had to 
activate Bluetooth).
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Key lessons 

•	 Clear instructions appeared to be essential. The need for a phone App adds complexity.

•	 Combining self-report (on physical activity context, etc.) and wearable device data is 
valuable and recommended as wearable device-based measures cannot stand alone. 

•	 Postal logistics (e.g. delays, losses, damage) were a major issue; about 25% of devices 
were lost, creating a significant cost burden.

•	 Government funding was uncertain, with the high cost a major barrier.

Future potential adjustments 

•	 The request to wear a device should be made at the start of the health survey, not at 
the end, because participants who have already invested time in answering questions 
are less likely to be willing to subsequently wear a device.

•	 A local pick-up/drop-off point for the device should be considered instead of “return by 
post” to reduce loss.

•	 Develop an automated system for sending reminders and simplify protocols.

Japan – National Health and Nutrition Survey 

Context 

•	 Japan’s National Health and Nutrition Survey (NHNS) is legally mandated and has been 
conducted annually since 1948 under the Health Promotion Act.

•	 Japan incorporated interview-based monitoring of habitual exercise in 1986 and 
developed its first national physical activity guideline around this time.

•	 Strong noncommunicable disease policy momentum gathered after the 1964 Olympics 
and public interest in “steps” grew as part of the National 10 000 Steps Campaign.

•	 The establishment of a Japanese Industrial Standard ( JIS) for pedometers in 1993 
ensured the accuracy and reliability of the Yamax pedometer.

•	 Step count is a simple metric and suitable to communicate with policy-makers and the 
general public.

•	 Pedometers were introduced as part of the NHNS in the 1989 annual data collection for 
34 cycles across 36 years (interruption in 2020 and 2021 due to COVID-19).

Protocol

•	 Data collection is carried out by 469 public health centres across the country, using 
multi-stage, stratified sampling of households; survey staff visit households in person 
and deliver devices and instructions.
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•	 The Yamax pedometer is worn on the waist and participants are asked to reset the device 
in the morning, wear for 1 day (during waking hours), and self-record their step count 
in a diary. Survey staff later collect the log sheet. Participants are allowed to keep the 
pedometer as a gift so the device is not returned.

•	 In 2024 a change in the protocol requires the new Yamax pedometer model to be carried 
in participants’ front pocket (of trousers, skirt or jacket); the new device stores up to 
7 days’ worth of data; however, national reporting will still use only one single day as 
recorded by the participant in the diary. 

Strengths

•	 Introducing the pedometer was viewed as a relatively light additional burden compared 
to the already-introduced nutrition survey, blood sampling, and medical examinations.

•	 The protocol is very simple – 1-day measurement – requiring no device setup, no analysis, 
and no need for collection or return (participants keep the device).

•	 A pedometer was viewed as low cost, estimated at around ¥1000 each (about US$ 6), 
and Japan had set an industry standard for quality and performance.

•	 There was high acceptance by participants, with 78% of the lifestyle survey participants 
and 95% of the nutrition survey participants agreeing to wear the pedometer.

•	 Step-count is a simple metric for policy-makers, public communication and the setting 
of a policy target.

Limitations and challenges

•	 Maintaining representativeness is an ongoing challenge; the household response rate 
in 2023 was 48.6%.

•	 The pedometer provides only a step-count metric so it is not possible to report on MVPA 
or sedentary behaviours.

•	 The one-day measurement protocols may not reflect individual habitual activity.

Japan – Key lessons

•	 Simplicity enables long-term surveillance but limits depth of detail.

•	 Researchers have advocated for the adoption of accelerometers, but the government 
remains cautious about adopting accelerometer due to cost, logistics, and analytic 
burden; the current low-burden, low-cost system has achieved exceptional continuity 
and population acceptance.

•	 Moving to accelerometers would require major system redesign and resource investment.
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Norway – National Physical Activity and Fitness Surveillance

Overview

•	 In 2001 a review of physical activity data in Norway found it to be of poor quality. In 
2005, the government’s national physical activity action plan (signed by eight ministers) 
mandated establishing national surveillance using “best possible methodology”.

•	 The National Physical Activity and Fitness Surveillance system (NPAFS) has operated 
since 2005, surveying both adults and children/adolescents.

•	 The system uses a mixed design with repeated cross-sectional and some longitudinal  
components.

•	 The random sample is drawn from the national registry of adults aged 20–85 years. Total 
invited for NNPAS3 was n=14 569. Of these, 6089 (42%) agreed to participate, and of 
these, 5499 (38% of invited sample) provided a valid physical activity measure meeting 
the inclusion criteria for data analysis. 

Device and protocols

•	 ActiGraph is waist-worn and mailed to participants and returned by post. 

•	 The methodology used since 2005 has been consistent (although the actual ActiGraph 
models used have changed).

Response rates and representativeness

•	 The response rate is about 38% of those invited providing usable accelerometer data 
for analysis. Once participants agree, protocol adherence is high: around 14.5 hours/
day; around 6.5 valid days (≥2 days minimum).

•	 Device loss is low (around 2–3%). Phone follow-up is used to retrieve unreturned devices.

•	 Persistent difficulty in recruiting immigrant groups (notably low uptake even after 
oversampling 10 000 people) and older adults.

•	 Strategies to improve participation include the use of gift cards and a lottery to 
win a bicycle. Providing direct feedback (summary of their data) to participants 
and use of text/SMS reminders significantly increased consent, device returns, and 
questionnaire completion.

Key implementation challenges

•	 The surveillance system was built “from scratch” and requires substantial resources.

•	 Requires a significant in-kind labour contribution from universities, for example 30% of a 
full-time position was required by the lead investigator to support the surveillance system.
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•	 Need for complex data-management and analytic frameworks, which need to be 
continually updated.

•	 Coordinating multiple universities initially proved difficult but centralized collection has 
improved consistency.

Reporting and metrics

•	 Government primary reporting uses the device-based prevalence estimates (not 
self-report). 

•	 Core metrics and outputs are: step counts, physical activity intensity distribution, 
adherence to physical activity guidelines and detailed time-trend analyses across 3 
surveys in the adult population cycle.

•	 Norway continues to use a questionnaire (the International Physical Activity Questionnaire 
– IPAQ-short) but does not publicly report these data because of noncomparable 
prevalence estimates; communication of these differences is a challenge.

•	 Government is also interested in reporting on strength training and balance, which is 
creating methodological dilemmas.

Future considerations

•	 Funding remains uncertain, cycle to cycle.

•	 Norway is considering switching to a wrist-worn device but is concerned about trend 
comparability. It would require validation studies to bridge the change in device and 
wear location.

•	 New initiatives showing promise include recruitment through mosques and senior  
centres.

•	 The cost of devices (ActiGraph) remains high and future expansion of the system may 
need larger device stock.

Norway – Key lessons

•	 Long-term political commitment and financial support for device-based monitoring is 
essential for continuity.

•	 Representativeness remains the core challenge, not wear-time compliance.

•	 Consistency across waves is critical for time-trend analysis.

•	 Recruitment of minority and older populations requires targeted, culturally specific  
approaches.
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Finland – FINFIT System 

Overview

•	 The FinFit system began around 2009–2010 after the government and UKK Institute 
planned standardized measurement of physical activity, sedentary behaviour, and fitness.

•	 Four population-based surveys were run within each 4-year parliamentary term covering: 
school-age children (accelerometer + questionnaire); young adults; working-age adults 
(FinFit Working Age); older adults (FinFit Elderly). This is now combined into two 9-month 
data collection periods within each cycle. While the government is the client, the UKK 
Institute designs and executes the system. 

•	 Finland places unusually high emphasis on physical function and physical fitness 
(cardiorespiratory and muscular); sedentary behaviour (including posture segmentation); 
and body composition (such as waist circumference and body mass index).

•	 This emphasis on fitness is the result of data that showed dramatic long-term decline in 
fitness in young men entering compulsory military service (i.e. a 400% drop in running 
performance over 40 years and a rise from 4% to 30% in the proportion of men with 
poor fitness). This is seen as having major economic and workforce consequences if 
trends continue. 

Device and protocols 

•	 Due to early challenges in finding a suitable device and algorithms, Finland developed 
its own accelerometer model UKK-RM42 – production cost is around €50 per unit.

•	 The device-wear protocol was evidence-based and involves wearing the device on the 
hip or waist during waking hours and switching to wrist-worn during sleep. 

•	 New processing metrics (e.g. mean amplitude deviation) were developed.

•	 Measurement of physical fitness is undertaken at research centres.

Response rates and representativeness

•	 Strongly affected by COVID-19 in earlier cycles.

•	 Current cycle is improving with the use of local promotion, accessible data-collection 
venues, use of text message reminders, and providing detailed, personalized feedback.

Key outputs reported

•	 Steps, MVPA, light activity, sedentary behaviour (lying, reclining, sitting, standing).

•	 Fitness and body composition metrics.

•	 Cost analyses of low physical activity and high sedentary behaviour.
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Finland – Key lessons

•	 A strong government interest in fitness and sedentary behaviour supports and shapes 
the national measurement strategy.

•	 Algorithm transparency and raw-data access are essential.

•	 Representativeness remains a core challenge despite high engagement and resources.

•	 Device cost, wear location, and analytic decisions heavily influence feasibility.

Sweden – National Survey: Health on Equal Terms 

Overview

•	 Physical activity measurement has historically relied entirely on an annual/biannual 
national health survey (questionnaire) for people aged 20 years and above.

•	 This national survey uses a standard sampling of about 45 000 adults; some regions can 
increase the sample with financial support, which has led to sampling of up to 300 000 
participants in some years.

•	 The survey uses a digital questionnaire with questions on lifestyle, health, physical 
activity and sedentary behaviour.

Device 

•	 Sweden uses the UKK RM42 device (loaned to the Swedish government), introduced to 
the adult population subsample in 2018 (a wearable device had been introduced for a 
prior child population survey).

•	 Data collection is undertaken in collaboration with university partners.

Response rates and representativeness 

•	 The response rate for the main survey has declined from around 58% to 39%; the 
wearable device subsample yield is far lower: only 25% agreed to wear device and 
around 16% provided valid usable data.

•	 Young adults are less likely to respond to the survey but more willing to wear devices –
showing the opposite trend to that of older adults.

Metrics reported

•	 Sweden continued to report a prevalence of respondents meeting the 150-minutes per 
week guidelines using questionnaire-derived estimates for national statistics.

•	 Wearable-device data has been used to inform and guide the Swedish government’s 
understanding of the “physical activity gap” (i.e. those not meeting the recommended 
levels), and in particular to show the proportion of the population with very high 
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levels of time spent in sedentary behaviours. This has been very helpful in “reframing” 
policy to focus purely on promoting moving more, and not only on achieving the 
MVPA recommendation.

Key challenges 

•	 Sweden is still exploring whether to shift toward regular, wearable-based surveillance. 

•	 Key questions include how to: increase response rates; achieve representativeness when 
low-SES groups are consistently underrepresented; determine how many days of wear 
are enough for usable prevalence; prevent devices being lost or worn by another person.

Sweden – Key lessons

•	 A subsample approach in a large national survey worked, but the yield of participants 
and data was low.

•	 Contrasting recruitment by age group requires tailored recruitment methods.

•	 Device data are powerful in engaging policy-makers – especially when they differ greatly 
to estimates from self-report questionnaires.

In addition to the presentations from countries with experience of implementation, two 
presentations shared learning from a recently completed pilot in the Kingdom of the 
Netherlands and a planned feasibility study in the United Kingdom of Great Britain and 
Northern Ireland.

Kingdom of the Netherlands – sensor-based physical activity measurement 
within the National Health Monitor (pilot study)

Presented by Dr Babara Snoeker

Context

•	 Long-standing concerns about the low accuracy of questionnaire-based physical activity 
measurement and its limitations for core indicators prompted renewed national interest 
in device-based measurement.

•	 The current Dutch system includes two surveys: 

(1)	a national survey – the National Health Survey (n≈9000) - implemented by Statistics 
Netherlands (CBS) ; and 

(2)	a municipal survey – the Municipal Health Services (GGD) Health Monitor (n≈500 000). 

•	 Both surveys include the SQUASH – a questionnaire similar to the long form International 
Physical Activity Questionnaire (IPAQ-long) collecting data about physical activity in 
several domains (transport, household, work and recreation - including sports).



Section 1: Country presentations – learning from experience 23

•	 Pilot studies conducted by the National Institute for Public Health and the Environment 
(RIVM), Statistics Netherlands, and Amsterdam UMC have provided insights into what 
helps or hinders participation in nationwide activity monitoring using accelerometers. 
The results show that collecting high-quality accelerometer data is possible with 
motivated staff and structured procedures, although clear role distribution, strong 
logistics, and digital support are necessary for successful large-scale implementation.

Device and protocols

•	 Statistics Netherlands selects a random sample from the Dutch population for the GGD 
Health Monitor.

•	 The GGD Health Monitor comprises a web-based survey and included a question 
to recruit participants into the wearable device sub-study; willing participants were 
required to confirm their preferred week for data collection which was used schedule 
the date for sending the wearable device to the participant by post.

•	 The ActivPAL device (thigh-worn) was used with valid wear-time criteria defined as ≥ 4 
days of wear and ≥ 20 hours per day.

Response rates and representativeness challenges

•	 125 495 participants from 2 GGD regions were invited to fill out the GGD Health Monitor 
in this pilot. The response on the questionnaire was 40 018. Of those, 6679 were willing 
to participate in the accelerometer pilot. Statistics Netherlands randomly selected 
1100 to participate in the pilot. A total of 578 participants selected a week to wear the 
accelerometer, and of those, 506 had valid wear time of ≥ 4 days of wear and ≥ 20 hours 
per day (88%). 

•	 A major operational challenge was the high loss of devices during fieldwork, attributed 
to the inexperience of the fieldwork company with handling accelerometers, in particular 
the limited effort given to contacting participants repeatedly to increase device return.

•	 Pilot results showed that men, younger adults (< 50 years), people on a low income, 
children of migrants, unmarried people, and people living in non-urban environments 
were less likely to complete the questionnaire. There was also a less willingness to wear 
the device among men, people on low income, older adults (> 70 years), people with a 
non-Dutch background, less-educated groups, those with worse self-reported health, 
those not meeting physical activity guidelines, and divorced individuals. These patterns 
created representativeness challenges in the pilot sample.

•	 Suggestions to mitigate the low recruitment rates among some groups includes over-
recruitment of such groups, weighting of data based on census data, potentially linking 
data with cohort studies that have better capture of underrepresented groups (subject 
to alignment of physical activity metrics); targeted personal interviews with “hard-to-
reach” populations; and continued methodological and logistical refinement to address 
selection bias.
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Key challenges anticipated if the Kingdom of the Netherlands were to implement 
a wearable device 

•	 Limited transparency of algorithms used to process accelerometer data (from the 
device manufacturer).

•	 Increasing (logistical) complexity with larger sample sizes.

•	 Managing the transition from questionnaire-only to mixed methods.

•	 Cost implications of device-based surveillance.

•	 Maintaining flexibility in indicators to allow adaptation when physical activity 
guidelines change.

Kingdom of the Netherlands – Key lessons and next steps

•	 The proposed plan for future use of wearable devices aims to integrate use into an 
existing national survey infrastructure, and not as a standalone data collection system. 
This integration will enable collection aligned with other health data and utilize 
existing infrastructure.

•	 The complexity of implementation was high, spanning logistics, algorithms, 
representativeness, costs and data governance – yet it is still considered feasible.

•	 Adopting methods to address the sampling bias is viewed as a critical issue and may 
require mitigation through complementary sampling strategies.

•	 Ensuring there is transparency in data processing and algorithms is essential, with an 
interest in using standard recommended approaches. 

•	 Any future protocol is likely to propose a phased adoption whereby current national 
indicators reported using a questionnaire will move to a reporting of estimates from 
combined data sources (questionnaire and wearable devices), and in the longer term 
move towards reporting national estimates primarily derived from wearable devices 
supported by self-report measures (from a diary/questionnaire). This approach enables 
a balance of continuity while progressively improving measurement quality.

United Kingdom of Great Britain and Northern Ireland – Active Lives 
accelerometry feasibility study 2026 (planned feasibility study)

Presented by Drs Melvyn Hillsdon and Tessa Strain

Context 

•	 Physical activity surveillance in England, as part of the United Kingdom of Great Britain 
and Northern Ireland, has evolved over several decades, from the Health Survey for 
England and the Active People Survey to the current Active Lives Survey for adults 
and children.
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•	 Growing use of consumer wearables, combined with increased application in research, 
behavioural interventions and health care has increased government interest in moving 
to wearable device-based measurement.

•	 The United Kingdom Chief Medical Officers’ Report (2021) recommended testing the 
feasibility of wearable devices in national surveillance.

•	 A window of opportunity opened during the renewal of 5-year contract for the Active 
Lives survey 2025–2030 and the testing of accelerometry was included.

•	 The aim of the feasibility study is to assess the opportunity to enhance understanding 
of physical activity patterns, not to replace existing indicators that are based on the 
self-report Active Lives survey. The collaboration between Sport England, the external 
survey implementor, and the academic partner is planned to ensure that all reported 
metrics are policy-relevant and interpretable.

Device and feasibility study protocols 

•	 Active Lives uses a random household sampling from the postcode address file, to 
which it posts a written invitation to participate in and complete an online questionnaire 
(approx. 15–20 minutes); a paper questionnaire can be issued if requested.

•	 The Active Lives survey questions collect data on large number of different sports, 
including frequency, intensity and duration, plus a number of other attitudinal questions 
and health-related questions, as well as some environmental questions. 

•	 Those who complete the online survey will receive the last question inviting participation 
in the accelerometry component; those who consent to be recontacted will be randomly 
selected and, if they fulfil the quota, be given a link; for these individuals contact details 
will be shared securely with the University of Exeter to implement the remaining protocol.

•	 The estimated sample size is 465, with the calculation based on answering the feasibility 
questions, not producing estimates of prevalence.

•	 GeniACTIVE, a wrist-worn accelerometer, will be posted to participants to be worn on 
the non-dominant wrist for 9 consecutive days; devices will be returned using pre-
paid envelopes; also in that envelope will be a short questionnaire asking about their 
experience of wearing a device.

•	 Data will be processed by the University of Exeter, which will process the accelerometry 
data and return an anonymized data set back to Ipsos with the agreed set of metrics, 
and merged with questionnaire responses.

Primary objectives of the feasibility study are to establish:

•	 the proportion of individuals who consent to participate;

•	 the proportion that wears the device as requested;

•	 the proportion that returns devices with useable data;
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•	 how participation and adherence vary by demographic subgroup, and how this affects 
data representativeness;

•	 cost per completed accelerometry data file returned. 

Data processing and reporting – planned

•	 The study will use raw data rather than relying solely on behaviour-classification 
algorithms; proposed analysis and output metrics include measures of frequency, 
duration and intensity of active events; total volume of movement, fragmentation and 
breaks in movement; and bout distribution characteristics.

•	 Accelerometry data will be treated as complementary to self-report data collected 
through Active Lives, which will continue to capture non-occupational physical activity 
by domain, while accelerometers will provide objective data on total movement patterns.

•	 Integration of both data sources will be used to develop a new, digital physical activity 
evidence base and strengthen interpretation of self-report trends.

•	 Results on the cost per file will include the total cost including device procurement, 
distribution and return logistics, and data processing and management, and be used 
to inform future decisions on scalability and sustainability.

Intended outputs

•	 The feasibility study will determine whether accelerometry can be successfully integrated 
into an established national surveillance system with evidence on community acceptance 
of wearing a device for 9 consecutive days; operational feasibility at scale; bias and 
representativeness; and costs and sustainability. 

•	 Experience and learning from a new model of collaboration whereby the implementation 
model puts the risk (and costs) for devices (including those lost) on the data collector 
partner, written into the collaborative agreement.

•	 Findings will inform whether and how accelerometry should be adopted into the future 
Active Lives surveillance system.

Summary of discussion 

Plenary discussions enabled reflection across country experiences and highlighted 
common challenges, areas of convergence, and key conceptual considerations for the use 
of wearable devices in national physical activity surveillance. The main areas of discussion 
are summarized by thematic area below. Several issues – particularly representativeness, 
feasibility, standardization and communication – cut across multiple thematic areas and 
are therefore revisited throughout the discussion.
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1. Response rates and representativeness of samples

One of the main topics discussed was the shared concern about bias in the data collected 
in study sub-samples using wearable devices. There was consensus that ensuring 
representativeness – not only increasing response rates – is essential for producing valid 
national prevalence estimates, and that this remains the most significant challenge across 
almost all national systems. Several countries noted that low participation contributes to 
persistent selection bias, even when large sample sizes are used. Countries consistently 
reported difficulties in engaging specific population groups, including older adults, 
individuals from lower socioeconomic groups, immigrants, and people living with chronic 
conditions or disabilities. There was also concern that those already active or interested in 
sport and exercise are more likely to participate, while those who are less active are less 
likely to do so, leading to overestimation of physical activity levels.

Methods to address this issue were explored. Oversampling was discussed as one 
potential solution but was recognized to increase both costs and fieldwork burden. Other 
approaches included developing culturally tailored recruitment strategies (as illustrated 
in Norway) and using community-wide promotion strategies (as used in Finland’s FinFit). 
Both were reported to show promise, although no data were yet available to demonstrate 
effectiveness. Recruitment through in-person contact was generally associated with higher 
consent rates than postal or email approaches, and several countries reported likely future 
protocol changes in this direction.

It was repeatedly noted that comparisons of response rates between countries are difficult 
due to differences in calculation and reporting. It was suggested that a standardized 
format for reporting be developed to enable countries to share and compare response 
rates. The need for greater transparency in reporting study methods was frequently raised 
and recognized as a limiting factor for wider learning in this field.

Undertaking studies to test the effectiveness of different recruitment protocols was seen 
as useful, as was learning from recruitment and retention methods used in cohort studies. 
Delegates also discussed whether data from existing cohort studies could add value – for 
example, by increasing sample size or improving understanding of bias in national data. It 
was generally agreed that the potential use of cohort study data and methods should be 
explored further and potentially used in a complementary way alongside datasets collected 
through national surveillance systems. More experience is needed to understand how 
this can be implemented in practice. Such work is already commencing in the Kingdom 
of the Netherlands, led by RIVM and The Maastricht Study, and these experiences will be 
shared in forthcoming meetings.

2. Cost of devices and feasibility

Discussion then turned to financial and operational feasibility. While some countries 
benefit from stable government funding and political commitment, others face significant 
challenges in sustaining long-term investment. Partnerships and collaboration – including 
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substantial in-kind academic contributions – were seen as critical for supporting data 
collection, technical expertise and analysis. 

A second significant area of discussion was the cost of devices, which was repeatedly cited 
as a major constraint affecting both sample size and government interest in adopting 
wearable-based measurement. Participants discussed trade-offs between device cost, 
sample size, wear-time protocols and delivery models (in-person versus postal). High 
device costs were viewed as a major barrier to scaling wearable-based surveillance, 
particularly in low- and middle-income countries. Device loss ranged from less than 2% 
to as high as 25%, affecting both budgets and representativeness. Japan’s long-standing 
experience using a low-cost pedometer illustrated the value and appeal of simple, cost-
efficient approaches.

The optimal frequency of wearable device–based surveillance was also raised. While more 
frequent measurement is desirable, many systems remain resource constrained, with 
reference made to WHO’s indicative recommendation of at least one national data point 
every five years.

Delegates raised the potential use of data collected from personally owned consumer 
wearable devices (e.g. Fitbit or Apple Watch) as an alternative to deploying survey-specific 
devices. This prompted discussion of sampling bias, the influence of integrated feedback, 
data access and privacy, and proprietary data-processing methods. While acknowledging 
ongoing work in this area, further discussion was considered out of scope for this meeting.

3. How much standardization is needed?

Reflection on country experiences highlighted marked differences in methods, including 
device selection, wear location, data collection protocols and data processing. However, 
views differed on the degree of standardization required across countries or studies. Some 
participants strongly supported greater standardization, emphasizing that methodological 
differences affect comparability. Others suggested that differences could be addressed 
during data processing by developing and applying algorithms capable of harmonizing 
data collected using different protocols, including different wear locations.

Discussion focused on which elements should be standardized versus flexible. Four issues 
received particular attention: choice of wear location; device selection for a given wear 
location; wear-time protocols (including minimum days and valid wear-time requirements); 
and methods or algorithms for raw data analysis. Given divergent views and emerging 
evidence, participants agreed to dedicate a further session of the meeting to this topic, 
reported in Section 4.

Despite use of a WHO-developed reporting template, participants noted ongoing 
difficulties in comparing approaches and results across countries, with response rates cited 
as a clear example. Establishing a standardized approach to reporting study design and 
implementation details was again recommended, echoing calls made during the meeting 
on measuring physical activity in adults using wearable technologies (4). Inadequate 
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reporting of technical and methodological details in the scientific literature was also 
identified as a major barrier to transparency and comparability of national estimates.

Government representatives emphasized that their primary objective is to generate 
nationally representative data and monitor trends over time, with cross-country 
comparability being a secondary consideration. WHO noted that future global estimates 
of physical activity and sedentary behaviour using wearable-device datasets will 
require balancing these priorities, supported by agreed criteria for data inclusion and 
harmonization where appropriate.

4. Device administration, incentives, feedback and fieldwork logistics

Discussion then focused on practical implementation issues affecting feasibility and data 
quality. Although postal distribution of wearable devices may appear straightforward – 
particularly in high-income countries – experiences shared revealed the negative impact 
of postal delays, device losses and variable postal reliability. Some northern countries 
also reported reduced device performance due to cold temperatures affecting battery 
life. Hybrid administration models combining in-person distribution with postal return 
were common. While postal systems may be more scalable, in-person approaches were 
viewed as more effective for reducing device loss, improving participant instruction and 
controlling wear-start timing. 

Participants noted that incorporating personal contact – either in person or by phone – 
can improve device return rates and shorten turnaround time, supporting more efficient 
device reuse and helping to maintain data collection schedules. WHO emphasized that in 
many low- and middle-income settings, postal distribution is often not feasible, and that 
in-person or clinic-based systems may be required.

Participants exchanged views on incentives to improve response rates. While some 
countries offer reimbursement or modest incentives, others face regulatory, ethical or 
sustainability constraints. Very limited experimental evidence was available to assess 
effectiveness, and no clear consensus emerged. Overall, incentives were viewed as 
potentially useful and best considered on a country-by-country basis.

There was strong agreement that participants should not receive feedback on activity 
levels during the wear period. However, delegates agreed that providing some form of 
post-data collection feedback represents good practice and may support engagement and 
goodwill. National experiences showed this to be feasible, although the scope and content 
of feedback varied. The limited evidence base on incentives and feedback strategies was 
identified as a knowledge gap requiring further evaluation.

5. Conceptual clarity on measurement objectives in national surveillance

This discussion focused on clarifying the purpose of wearable-device data within national 
surveillance systems. A recurring theme was the need to distinguish between population-
level surveillance objectives and individual-level behavioural assessment. Participants 
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emphasized that national surveillance aims to track population averages and trends over 
time, rather than individual behaviour, and that this distinction should guide decisions on 
measurement priorities and standardization. There was strong agreement that surveillance 
outputs should inform and shape policy agendas. Some participants noted that future 
physical activity guidelines may evolve to reflect device-derived measures, reinforcing the 
need for an adaptive approach to wearable-based surveillance.

There was broad agreement that self-report questionnaires and wearable devices capture 
complementary dimensions of physical activity behaviour. Wearable devices provide more 
robust information on volume, intensity and accumulation patterns, while self-report 
remains essential for understanding context, purpose and domains of activity relevant 
to policy and intervention design. Participants acknowledged that systematic bias in self-
report can also mislead decision-making, underscoring the need to support policy-makers 
in interpreting discrepancies between data sources.

Countries described differing conceptual models for the use of accelerometry, shaped 
by national surveillance systems, policy priorities and research capacity. The approach 
in the United Kingdom of Great Britain and Northern Ireland was presented as using 
wearable device-derived data primarily to generate additional insights that questionnaires 
cannot capture to inform policy – particularly on accumulation patterns, fragmentation 
of movement and social patterning. In this context, the wearable device was not being 
piloted to replace self-report prevalence estimates. In contrast, other countries (including 
Canada and Norway) reported using device-based estimates as their primary metric for 
assessing adherence to national physical activity guidelines. These examples illustrate 
that wearable devices may be adopted and used to serve distinct, though overlapping, 
surveillance purposes.

Device-based measurement was viewed as an important development for improving 
surveillance of physical activity and especially sedentary behaviour; it was also seen as 
likely to play an increasing role in sleep measurement as this area develops. Although 
most countries reported that governments value both data sources, some do not release 
results (or specific metrics) either from the self-report data or wearable-device data, 
largely due to challenges in communicating divergent estimates. Participants agreed on 
the need for clearer and more consistent communication of physical activity metrics for 
multiple audiences.

Related to, but distinct from, discussions on which wearable device to use in a national 
survey, the potential use of smartphones and consumer-device data was briefly raised. 
Although regarded as important to explore, WHO stated this dimension was out of scope 
for the meeting, given the significant technical, governance, privacy and equity challenges 
that currently limit feasibility at national scale. 

6. Ethical and regulatory considerations

Ethical and regulatory issues were recognized as cross-cutting considerations. Participants 
noted that legal and regulatory frameworks – particularly the General Data Protection 
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Regulation (GDPR) in Europe – continue to constrain data sharing, secondary analysis and 
international collaboration. These constraints were seen as especially relevant for multi-
country harmonization and reuse of wearable-device data.

There was broad agreement on the importance of robust safeguards to ensure ethical 
use, appropriate interpretation and protection of participant data, including transparency 
regarding data access, storage, and downstream use. Participants emphasized that ethical 
and regulatory considerations should be integrated into surveillance system design from 
the outset.

7. Communication, engagement and policy-facing interpretation

Across discussions, participants emphasized that successful use of wearable devices 
depends not only on technical feasibility but also on clear communication and engagement 
with policy audiences. Governments and decision-makers require accessible explanations 
of the purpose, value and implications of testing, adopting and integrating wearable-based 
measurement within existing surveillance systems.

There was strong agreement on the need for policy-facing products – such as concise 
rationales, policy briefs, technical notes and illustrative country examples – to support 
informed dialogue with governments. These materials were seen as particularly important 
for explaining how device-based measures complement, rather than replace, established 
self-report systems, and for avoiding unintended loss of confidence in long-standing 
surveillance approaches.

Participants also highlighted the importance of supporting countries to interpret and 
communicate results, including explaining uncertainty, methodological limitations, and 
discrepancies between device-based and questionnaire-derived estimates. Clear, consistent 
messaging tailored to different audiences was viewed as essential for appropriate use of 
wearable-derived data in policy and decision-making.

8. Role of WHO

Discussion highlighted WHO’s critical role in providing leadership, coherence and 
technical stewardship in the evolving use of wearable devices for national physical activity 
surveillance. Participants strongly supported WHO remaining device-agnostic, while 
continuing to develop technical guidance that enables countries to adopt wearable-based 
approaches in ways that are scientifically robust, feasible and policy-relevant.

Priority areas for WHO leadership included defining minimum device performance 
requirements, promoting transparency in data processing and algorithms, and supporting 
the development of standardized analytic workflows and core protocol specifications. 
Participants emphasized that guidance should distinguish clearly between minimum 
and ideal standards, allowing national adaptation while maintaining coherence for 
international learning.
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WHO was also seen as having an important convening and facilitating role, bringing 
together countries, researchers and regional offices to share experiences, build capacity 
and accelerate learning. This includes supporting harmonization where appropriate, 
facilitating access to technical expertise and third-party support, and assisting countries 
with implementation, data management and interpretation challenges.

Participants further noted the need for WHO guidance to explicitly address equity and 
inclusiveness, including the performance of devices and algorithms among populations 
with atypical or impaired movement, such as older adults and people living with disabilities. 
This was identified as a significant evidence gap and an area for future prioritization.

Overall, participants emphasized WHO’s role in providing technical guidance and 
facilitating alignment and shared learning across countries, while recognizing the need 
for national adaptation.

Section summary

Across country experiences, participants highlighted shared challenges and emerging 
lessons in the use of wearable devices for national physical activity surveillance. Ensuring 
representative samples – rather than simply increasing response rates – was identified as 
the most significant and unresolved challenge, alongside concerns about cost, feasibility 
and operational complexity. Countries reported wide variation in devices, protocols and 
analytical approaches, with differing views on the degree of standardization required, 
reflecting diverse surveillance objectives and capacities. There was strong agreement 
that wearable and self-report measures serve complementary purposes and that clear 
communication is essential to support appropriate interpretation and policy use of 
results. Ethical, regulatory and data-governance constraints – particularly related to 
data sharing – remain important considerations. Participants emphasized WHO’s role in 
providing device-agnostic technical guidance, facilitating shared learning and alignment 
across countries, and supporting flexible, evidence-informed adoption of wearable-based 
approaches that respect national contexts and priorities.
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Section 2: Improving response  
rates and compliance: a key 
challenge to adoption 

This section reports on the meeting’s discussion on how to address the recurring issue 
of improving the representativeness of the sample recruited to a wearable device-based 
measurement, namely, how to optimize recruitment and ensure compliance with the wear 
protocol. Participants shared experiences from across their own national approaches. 

Use multiple invitation methods to increase reach

A combination of a letter plus face-to-face and/or phone contact was seen as effective, 
especially for harder-to-reach groups, and can be adapted to the local context. In-person 
approaches (such as those used in the WHO STEPwise approach to surveillance, STEPS) 
allow direct introduction, explanation of purpose and demonstration of the device. In 
some contexts, digital demonstrations may be a suitable substitute. Opt-out (rather than 
opt-in) recruitment approaches may improve participation. Recruitment was reported to 
be easier when participants were already invested in a survey (e.g. after a household visit 
or attending a mobile exam centre). Overall, it was deemed important to minimize the 
number of steps or tasks required for the participant to respond and be recruited.

Provide clear and simple information about the study 

To improve recruitment, ensure participants understand the purpose of the data and how it 
will be used by providing simple, non-technical explanations of what the device measures, 
and what it does not do (e.g. that is does not have any microphones, or track locations 
via GPS). Provide information in a format appropriate to the country situation and target 
populations (i.e. written information sheets, digital, and in all appropriate languages). 

Correct framing of the study and purpose is vital and should emphasize the contribution 
to public health, a focus on daily activity (not “sport” or “exercise”), and that it is not aimed 
at monitoring individuals but the population as a whole. It was suggested to engage 
behavioural experts to help optimize the framing and develop effective messaging and 
communication materials.
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It was also suggested it may be advantageous to ensure the interviewers/data field 
workers wear the device themselves, thereby modelling its use and potentially reassuring 
participants. 

Provide clear guidance and demonstration of device use

When providing information on device fitting, its use and wear protocols, in-person 
explanations were considered the most effective, especially when the device was issued 
immediately after recruitment. This “immediacy” was considered to help participants 
understand the purpose and task required, and to reduce uncertainty and concerns. Use 
of instruction sheets and support materials such as links to short videos (for example, as 
used in the Kingdom of the Netherlands),3 can help explain the use of the wearable device. 

Staff visibly wearing the device themselves (for wrist-worn devices) and helping participants 
put on the device during an in-person hand-out can reduce later wear errors. Extra belts 
or straps can be helpful to allow for a clean replacement and/or when the strap gets wet. 

Device comfort and convenience were seen as strong facilitators of better compliance. 
Wrist-worn devices were seen as desirable choice for this reason. However, it was noted 
that some sports require wrist worn devices to be removed. Waterproof devices and wear-
time protocols that require 24-hour wear removes the risk of participants forgetting to 
put them back on in the morning or after water-based activities. Some suggestions noted 
that the appearance of the device may matter (if the device was visible), and therefore 
it may help if it “looked good” or could be discretely covered, although this may vary by 
cultural context.

Offer meaningful returns and incentives

In general, the use of incentives was seen as likely to increase recruitment and compliance. 
The incentive should be associated with completion of the study – e.g. correctly wearing 
and returning the device – and not linked in any way to the physical activity behaviours 
or whether the device recorded valid data, as malfunctions are not the participant’s fault. 

Incentives can include providing individual reports after the wearing period or broader 
health information (e.g. combined with other data from a health assessment). While it was 
generally considered that participants appreciate receiving feedback on their own data, 
it may also improve compliance with protocols. But the provision of feedback was viewed 
as a courtesy and a transparency tool, as well as potentially a motivational one. 

Examples of effective incentives were proposed, including vouchers, lottery entries (e.g. 
the chance to win a bicycle), and small tokens for device return. All incentives must be 
legally and ethically approved and will vary across countries. 

3	 Participant information video used in ActiveLIFE (https://youtu.be/OqYRWyvl58U).

https://youtu.be/OqYRWyvl58U
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Use reminders and offer access to ongoing support during the 
wear period

Providing a helpdesk, telephone hotline, or informational website for participants to use 
if there were problems or questions about battery charging (if this is needed), straps, 
skin irritation, or other device issues may be useful (especially if the device was delivered 
by post to the home address or by external fieldwork companies who may have less 
knowledge and training specific to physical activity and wearable devices). 

SMS messages, phone calls or emails could be used to remind participants to keep wearing 
the device, and later to remind them when and how to return the device. It was noted 
that reminders did not work equally well everywhere. Also, although such efforts may not 
result in significantly better compliance, they do help maintain contact with participants 
which can be particularly useful to follow up on unreturned devices to reduce expensive 
device loss. 

Provide interviewer training and pilot the process

Recruitment is enhanced through good interviewer training, both to ensure recruitment 
protocols are correct and consistent and that they are confident in handling common 
questions. This is especially important when external fieldwork companies are involved 
in data collection.

Piloting in “real-world” situations is essential to allow interviewers to practice and 
experience diversity of community questions and reactions to the device-recruitment 
protocols. Failure to invest in training materials and time for all data collectors can lead 
to low recruitment and device loss, as was the experience shared by several approaches. 

Tailor recruitment strategies 

Different recruitment strategies may be required to reach and engage some segments 
of the population and should be considered and pilot tested. Many settings find it harder 
to recruit older adults who tend to be less willing to wear accelerometers. Recruitment 
through specific settings or using information materials that show older adults wearing 
the device may be useful. Specific training on recruiting harder-to-engage groups should 
be developed and used to improve response rates. This may also apply to recruiting 
individuals who are less active, as they see themselves as not relevant. Careful framing, 
Q&A tip sheets, and images that do not suggest a high level of physical activity or sport 
performance may be helpful. 
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Section summary 

The discussion highlighted that improving response rates and compliance is central to the 
successful adoption of wearable device-based measurement and remains one of the most 
challenging aspects of implementation. Experience across countries showed that multi-
modal recruitment, combining written invitations with in-person or phone contact, is more 
effective than single approaches, particularly for harder-to-reach groups. Clear, simple and 
culturally appropriate communication about the purpose of the study and the function of 
the device is critical to building trust and participation, as is correct framing of the study 
as a population health activity rather than a focus on sport or individual monitoring.

Participants emphasized that immediacy, demonstration and interviewer confidence 
strongly influence compliance, with in-person explanation, visible modelling of device 
use by staff, and well-designed training materials reduce wear errors and device loss. 
Comfort, convenience and wearability – particularly for wrist-worn, waterproof devices with 
24-hour wear protocols – were seen as important facilitators of adherence. Incentives and 
post-collection feedback were generally viewed as helpful for recruitment and compliance 
when ethically and legally appropriate, although evidence on their effectiveness remains 
limited. Finally, robust interviewer training, real-world piloting, and tailored recruitment 
strategies for under-represented groups were identified as essential investments to 
improve representativeness and protocol compliance before scaling wearable-based 
surveillance nationally.
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Section 3: Technical device 
specifications and protocols: 
revisiting four key issues in 
wearable-based surveillance 

This session revisited evidence on four methodological issues that emerged repeatedly 
in discussions of country experiences (see Section 2) and remained unresolved following 
the meeting on measuring physical activity in adults using wearable technologies held in 
June 2025 (4). Further discussion was warranted due to the range of views expressed by 
experts and country representatives on the degree of standardization required across key 
technical features of wearable-based measurement. These included device selection and 
wear location, algorithm choice, and minimum wear-time criteria for analysis. Participants 
differed in their perspectives on what level of standardization is required to support 
comparability and which elements should remain flexible to allow adaptation to national 
context. These issues are central to the development of WHO guidance on how wearable 
devices are selected, deployed and analysed within national surveillance systems.

To support the discussion, selected delegates presented rapid overviews of relevant 
evidence and led focused discussions on how these methodological decisions influence 
the data collected and resulting prevalence estimates. It was noted that some decisions 
must be made prior to data collection (e.g. choice of device and wear location, wear-time 
protocol), while others relate to data processing and analysis and can be modified post 
hoc (e.g. algorithm selection, minimum wear-time thresholds and criteria for valid days). 
Although these issues are presented separately below, participants noted that certain 
elements – particularly wear location and algorithm choice – are closely interdependent, 
as algorithms are typically developed and calibrated for specific device placements. Across 
the four issues, evidence consistently indicated that not all technical decisions contribute 
equally to variation in surveillance estimates, with algorithm choice emerging as the 
dominant driver.

Issue #1: Does the choice of device matter for a given wear 
location?

This issue examines whether the brand or model of accelerometer meaningfully influences 
physical activity estimates when devices are worn at the same body location and data 
are processed using harmonized analytical methods. This question is directly relevant to 
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procurement decisions, scalability and long-term sustainability of national surveillance 
systems. Evidence presented consistently indicated that, for a given wear location, differences 
between commonly used research-grade4 accelerometers are generally small when raw 
data are analysed using identical or harmonized processing pipelines. Across studies, 
variability attributable to device brand or model was substantially smaller than variability 
arising from other sources, particularly algorithm choice and data-processing decisions.

Key supporting evidence5 included:

•	 a comparison (6) of three non-dominant wrist-worn research-grade accelerometers 
(ActiGraph GT9X Link, GENEActiv and Axivity) processed identically using GGIR. GENEActiv 
and Axivity demonstrated good to excellent equivalence across most outcomes, including 
average dynamic acceleration (< 10% difference). ActiGraph-derived acceleration was 
approximately 9–11% lower. Time spent in sedentary and light-intensity activity was 
equivalent across all devices, while MVPA agreement was high but not always within 
the ±10% equivalence zone.

•	 an evaluation of four non-dominant wrist-worn accelerometers (7) used simultaneously 
for 7 days and processed identically using GGIR. Estimates of sleep, sedentary behaviour, 
light activity and MVPA were equivalent across devices, with identical prevalence of 
meeting WHO physical activity guidelines. Agreement in behaviour classification 
exceeded 84% of daily time for all device pairings, and MVPA differences were small 
(1–8 minutes/day).

•	 a comparison (8) of two dominant wrist-worn devices (Axivity AX3 and Matrix 003) 
used by British and Chinese adults using a United Kingdom-trained machine-learning 
algorithm. Average acceleration showed strong equivalence (≤ 5%) across devices in 
both populations. Larger discrepancies observed for MVPA – particularly in the Chinese 
sample – were interpreted as reflecting limitations in algorithm generalizability rather 
than intrinsic sensor differences.

•	 reported findings (9) from the ProPASS consortium comparing three thigh-worn 
accelerometers (ActiGraph GT3X+, Axivity AX3 and activPAL Micro4). When analysed 
identically, absolute differences across devices were minimal across a range of 
behaviours, leading the authors to conclude that device-related differences were 
negligible when processing methods were standardized.

Where differences between devices were observed, participants noted that these were 
most often attributable to differences in applied algorithms, device placement nuances, or 
algorithm training and transferability across populations, rather than to sensor hardware 
itself. This interpretation was reinforced by meeting discussions and aligns with conclusions 
drawn in other published work that similarly attribute much of the apparent between-
device variability to analytical rather than hardware-related factors (10).

4	 Research-grade devices: specifically developed for research purposes and as such provide no feedback to participants 
and have enough battery life and storage capacity to collect, store and enable download of raw accelerations data 
(adapted from (7)).

5	 These additional study details were added after the meeting, and during the writing of this report.
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Delegates agreed that evidence indicates that for a given wear location, the choice of 
research-grade accelerometer has limited influence on derived physical activity estimates 
when raw data are processed using harmonized methods. Differences historically attributed 
to device brand or model largely reflect analytical choices rather than sensor performance.

Summary of discussion

The policy-relevant implication is that WHO guidance can remain device-agnostic, advising 
countries to select any wearable device for a given wear location provided it meets 
minimum technical specifications (including access to raw triaxial acceleration data at 
an appropriate sampling frequency). Delegates agreed that comparability of prevalence 
estimates – within countries over time and between countries – depends far more on wear 
location, algorithm choice and the data-processing pipeline than on device brand or model.

Issue #2: Does wear location matter?

Although the WHO meeting on measuring physical activity in adults using wearable 
technologies held in June 2025 (4) reached agreement on recommending the non-
dominant wrist as the preferred wear location for population surveillance, this issue 
was revisited during the present meeting in light of emerging country experience. 
Presentations in Session 2 demonstrated that hip- and thigh-worn accelerometers have 
also been implemented successfully in some national surveillance systems, prompting 
further consideration of the implications of wear-location choice.

Participants distinguished between two interrelated dimensions of this issue: (a) feasibility 
and participant burden, and (b) the impact of wear location on behavioural estimates 
and surveillance outputs. It was noted that these dimensions do not always point to 
the same “optimal” wear location, and that policy-relevant decisions require balancing 
both considerations.

a) Does wear location impact participant adherence and burden?

A primary rationale underpinning the earlier recommendation of the non-dominant wrist 
was evidence of greater participant acceptability and adherence compared with hip- or 
thigh-worn devices. Wrist-worn accelerometers are generally perceived as less intrusive 
and easier to wear comfortably across daily activities, and acceptable to both men and 
women – factors consistently associated with higher compliance, particularly in protocols 
requiring 24-hour wear. Several studies assessing user preferences have reported wrist-
worn devices to be more desirable than alternative placements (11, 12).

Beyond feasibility considerations, participants also noted a strategic advantage of wrist-
worn placement in relation to the broader epidemiological evidence base. Many of the large 
cohort studies that are shaping contemporary understanding of physical activity, sedentary 
behaviour and health – including those likely to inform future guideline development – 
have adopted wrist-worn accelerometry. Alignment with this dominant evidence base 
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was viewed as advantageous for ensuring conceptual consistency between surveillance 
systems, research evidence and evolving policy guidance.

Overall, participants generally supported the wrist wear location as advantageous from 
a feasibility and participant-burden perspective, directly influencing response rates, 
completeness of wear-time data and the robustness of population-level estimates. At the 
same time, it was acknowledged that hip- and thigh-worn protocols have been successfully 
implemented in large cohort studies and in some national surveillance systems, as 
described in Section 2, and may remain appropriate in specific contexts or for particular 
measurement objectives.

b) Does wear location impact estimates of step counts, sedentary behaviour and MVPA?

The second and more technically complex question concerned whether different wear 
locations yield materially different estimates for key behavioural metrics, and whether 
any wear location can be considered “better” for population surveillance. Participants 
emphasized that the answer depends on the metric of interest. For example, thigh-worn 
devices may perform better for posture and sedentary behaviour, while hip- or wrist-
worn devices may perform differently for activity intensity or step counts. The challenge 
for national surveillance systems is to identify a single recommended wear location that 
can reasonably estimate multiple metrics while remaining feasible at scale.

Evidence6 on differences between wear locations

Multiple studies comparing wrist-, hip- and thigh-worn accelerometers worn concurrently 
demonstrate substantial differences in absolute estimates across wear locations in both 
laboratory and free-living conditions. The signals derived from different wear locations 
are not directly comparable by default, as each placement captures distinct movement 
signals that require placement-specific algorithms to produce estimates of the behavioural 
metrics of interest. Ideally, different wear locations and algorithms should be compared 
against a common reference standard, but the majority of studies include a single device/
attachment site (13). 

Studies comparing across wear locations to a common to a reference standard 

One study found that 24% of 21 wrist-worn algorithms estimated sedentary time within 
10% (±0.94 hours) of the reference of a thigh-worn device, noting reasonable accuracy for 
sedentary time from wrist-worn devices and showing substantial heterogeneity in accuracy 
across algorithms (14). In contrast, another study reported that non-dominant wrist-worn 
accelerometers substantially underestimated sedentary time compared with thigh-worn, 
posture-based measures (15). For example, daily sedentary time was 63 minutes lower in the 
count cut-point analysis and 50 minutes lower by the Euclidean Norm Minus One (ENMO) 
cut-point. Limits of agreement were wide, indicating poor interchangeability of estimates 
between placements when using either the standard cut-point-based or ENMO-based 

6	 Additional study details have been added during report writing.
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methods. A third study found hip algorithms were overall more accurate compared to 
wrist-algorithms at estimating sedentary time compared to direct observation (16). 

And in a laboratory-based setting using direct observation as a criterion measure, a fourth 
study found thigh-worn devices to have superior sensitivity and specificity (> 99%) across 
intensity categories and breaks in sedentary behaviour, compared with hip- and wrist-
worn placements (17). Wrist-worn devices showed lower accuracy for MVPA classification 
and overestimated breaks in sedentary time.

Comparative studies without a reference measure

One comparative study without a reference measure compared hip- and wrist-worn 
ActiGraph GT3X+ devices in free-living older women (18). It found moderate correlations 
between placements (Spearman’s r≈0.73) but large divergences in absolute values. For 
example, the differences between wear location and various output metrics were around 
6000 steps per day, around 30 minutes per day for MVPA, and up to 4 hours per day for 
sedentary time. Wrist-worn devices recorded nearly twice as many steps, approximately 
30 additional minutes of MVPA per day, and up to four fewer hours of sedentary time 
compared with hip-worn devices.

Evidence from meta-analyses and comparative studies reinforces these patterns, with 
studies reporting that wrist-worn accelerometers record, on average, 3537 more steps 
per day and more MVPA and less sedentary time than waist-worn devices (19). And others 
demonstrated systematic differences in outputs depending on wear location, particularly 
in free-living conditions (20, 21).

Interpretation and limitations of the evidence

While these studies clearly demonstrate that wear location materially influences 
behavioural estimates, delegates noted that much of the existing literature focuses on 
correlations or relative agreement rather than the validity of absolute values using robust 
reference standards in free-living settings. Methodological heterogeneity across studies – 
particularly in algorithms, cut-points, reference measures and analytical pipelines – limits 
direct comparability and complicates interpretation.

Importantly, few studies explicitly assess the downstream implications of wear-location 
differences for national prevalence estimates or trend monitoring, which are the primary 
objectives of population surveillance. Several participants noted that consistency of wear 
location within a country over time may be more important for trend detection than strict 
harmonization across countries.

Emerging harmonization approaches

Given the scale of systematic differences between wear locations, participants discussed 
the potential of data harmonization approaches as a complementary strategy to strict 
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standardization. Emerging work from the ProPASS Consortium7 provides proof of concept 
that raw data collected from different wear locations can be harmonized using advanced 
analytical methods. 

One recent evaluation demonstrated that machine-learning approaches could produce 
statistically equivalent estimates of activity duration from wrist- and thigh-worn devices 
for most activity types when compared with ground truth, although some behaviours (e.g. 
stair climbing) remained challenging (22). These findings suggest that emerging open 
source harmonization algorithms could help bridge differences between placements, 
though further validation across diverse populations and contexts is required.

Summary of discussion 

In summary, the discussion of evidence confirmed that while wear location can substantially 
affect estimates of steps, sedentary behaviour and MVPA, these differences cannot be 
interpreted in isolation. Algorithm choice interacts strongly with wear location, and 
placement alone does not explain the discrepancies observed across studies. To date, 
the evidence does not support a single wear location that is optimal for all metrics of 
physical activity and sedentary behaviour. Current evidence suggests that thigh-worn 
devices provide more accurate estimates for posture-based outcomes (such as sitting, 
standing and walking), whereas wrist-worn devices offer clear advantages in feasibility, 
participant adherence and scalability for population surveillance. Participants agreed that 
further research is required, particularly comparative evaluation of algorithms against 
established reference standards and the development of harmonization methods that may 
help mitigate differences between wear locations. Given the current state of knowledge, 
WHO guidance on wearable devices for national surveillance systems should emphasize 
that the choice of wear location be guided by surveillance objectives, feasibility constraints 
and the need to maintain internal consistency over time.

Issue #3: Does the choice of algorithm matter? 

Across all metrics of interest – sedentary behaviour, step counts and MVPA – the evidence 
reviewed at this meeting consistently indicated that algorithm choice and data-processing 
decisions are the largest source of variability in wearable-derived estimates, exceeding the 
effects of device brand (for a given wear location) and, in many cases, wear location itself. 
This conclusion emerged most clearly from studies applying different analytical pipelines 
to identical raw accelerometer data. The additional evidence8 discussed on algorithm 
choice included the following.

7	 See https://www.propassconsortium.org/.
8	 Additional study details have been added during report writing.

https://www.propassconsortium.org/
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For sedentary behaviour

One study compared sedentary-time estimates derived from wrist-worn (GENEActiv) and 
thigh-worn (activPAL) devices using 21 commonly applied algorithms, including both cut-
point–based and machine-learning approaches (14). Using the thigh-worn activPAL as 
the reference (mean sedentary time: 9.4 hours/day; 62% of the day), equivalence testing 
(±10%) showed that:

•	 16 of 21 algorithms (76%) produced sedentary time estimates that differed more than 
±10% from the reference.

•	 Nine algorithms (43%) showed substantial bias (≈1.85 hours/day or more).

•	 Only five algorithms met equivalence criteria, including two machine-learning approaches 
(Trost Extended, OxWearables) and three cut-point methods based on ENMO thresholds 
(GGIR ENMO 40 mg; Bakrania ENMO 32.6 mg; Fraysse ENMOa 62.5 mg).

These findings demonstrate that sedentary time estimates vary widely depending on 
analytical approach, even when derived from the same underlying sensor data.

For step counts

An evaluation applied five open-source step-count algorithms and one proprietary method 
(ActiLife), to three publicly available datasets with ground-truth step counts (23). Despite 
using identical raw data, correlations between methods were low (as low as r = 0.50), 
reflecting substantial disagreement in estimated step volume. These discrepancies were 
partly attributable to differences in how a “step” is defined across algorithms. Machine-
learning–based approaches generally performed better, achieving the highest F1 score 
(0.89 ± 0.11) and lowest mean absolute percentage error (8.6 ± 9%) across datasets, 
indicating their potential utility for population-level step-count estimation.

For moderate-to-vigorous physical activity (MVPA)

Large-scale analyses further illustrate the magnitude of algorithm-driven differences. 
For example, two studies derived very different estimates while analysing the same 
accelerometer data from approximately 90 000 UK Biobank participants (24, 25). These 
analyses showed that defining moderate-intensity activity using a simple acceleration 
threshold (e.g. > 100 mg) yielded estimates of around 700 minutes per week of MVPA, 
whereas machine-learning approaches applied to the same cohort produced estimates 
closer to 175 minute per week. Such differences have major implications for estimating 
the prevalence of meeting physical activity guidelines.

Generalizability and population dependence

A further critical consideration is whether algorithm performance is population- and 
context-dependent. Recent multi-country analyses (26) have shown that machine-learning 
models performing well in one population (e.g. urban adults in the United Kingdom of 
Great Britain and Northern Ireland) may perform substantially worse when applied rural 
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adult populations in China. Together with existing evidence, these findings highlight 
limitations in the representativeness of current training datasets and the risks associated 
with applying algorithms beyond the populations in which they were developed.

While this issue has been most clearly demonstrated for machine-learning approaches, 
participants noted that similar limitations are likely to apply to cut-point–based methods, 
which are also derived from calibration studies conducted in a limited range of populations. 
There was strong agreement on the need for more diverse free-living accelerometry 
datasets with robust ground truth – particularly from low- and middle-income countries – 
to support testing, validation and continued algorithm refinement.

Summary of discussion

In summary, discussion of the evidence led to a clear policy-relevant conclusion: algorithm 
selection is the most influential technical decision affecting the comparability and 
interpretation of wearable-derived estimates. Differences in algorithm choice can result in 
substantially different estimates – most notably for sedentary time and MVPA – even when 
devices, wear location and raw data are identical. Participants also noted that transparency 
and standardized reporting of device specifications, wear location, algorithms and 
wear-time criteria are essential to ensure interpretability and secondary use of national 
surveillance data.

Participants therefore recommended that WHO guidance should address algorithm choice 
explicitly. There was clear agreement that WHO should not recommend or endorse a 
single algorithm, but instead focus on defining standards of performance, transparency 
and evaluation that any current or future algorithm must meet to be considered suitable 
for population-level surveillance.

Delegates suggested that guidance should prioritize:

•	 clear performance standards for key surveillance metrics, defined and maintained by 
WHO or another recognized, standard-setting entity;

•	 independent evaluation against robust reference standards, using agreed test 
datasets and evaluation frameworks;

•	 transparency in data-processing pipelines, including clear documentation of inputs, 
assumptions and outputs; and

•	 open and equitable processes through which algorithms – whether developed in 
academia, government or the private sector – can be submitted for independent testing 
and assessment against agreed criteria.

It was recognized that further work is required before such standards can be fully 
operationalized, including expanded evaluation in diverse populations, continued 
development of harmonization methods across wear locations, and the establishment 
of benchmark datasets for performance testing. These gaps reinforce the importance of 
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an iterative “test and adapt” approach to standardization, led by evidence and supported 
through WHO’s convening role and technical stewardship, rather than through prescriptive 
endorsement of specific analytical methods.

Issue #4: Do wear-time criteria matter?

Minimum wear-time requirements determine which participants are included in analyses 
and therefore directly influence sample size, representativeness, feasibility and cost. At 
present, there is no consensus on several key aspects of wear-time criteria for wearable 
device–based surveillance, including:

•	 the minimum number of days required for computing population-level estimates;

•	 whether wear days must be consecutive;

•	 whether inclusion of a weekend (non-work) day is required; and

•	 how to handle partial days or irregular wear time.

A central point raised in discussion was that the appropriate wear-time requirement 
depends on the purpose of the analysis. In particular, the number of days required to 
produce stable population-level means or prevalence estimates may be substantially fewer 
than the number of days required to achieve high within-person reliability, which is often 
assessed using intraclass correlation coefficients (ICC). Reliability thresholds derived from 
ICC address individual-level ranking, whereas surveillance systems are primarily concerned 
with unbiased estimation of group means and prevalence. 

Evidence9 on wear time for population-level estimates

To inform this distinction, evidence from large-scale secondary analyses of NHANES 2003–
2006 was recalled (27) which directly addressed the question of how many monitoring days 
are needed to produce stable group-level estimates of a 7-day mean, using data in youth 
(n=986) and adults (n=2 532) with 7 valid wear days. Using bootstrapping and simulated 
missing-data protocols, the study compared a wide range of alternative monitoring 
schemes (random days, forced inclusion of weekend days, and combinations thereof) 
against the full 7-day benchmark. Key findings included the following:

•	 Stable group-level estimates of MVPA, light activity and total activity could be obtained 
from as few as one randomly selected monitoring day, with mean bias close to zero 
across 1–6 randomly selected days.

•	 Non-random inclusion of weekend days introduced systematic bias in group-level 
estimates, with both over- and under-estimation depending on the protocol used.

•	 The study demonstrated that conclusions based on ICC-derived reliability (focused on 
individual consistency) differ fundamentally from conclusions based on stability of group 
means, and that ICC-based approaches are not well suited to informing population 
surveillance protocols.

9	 Additional study details have been added during report writing.
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These findings reinforce that, for surveillance purposes, randomness in the selection of 
wear days is more important than duration per se, and that requiring specific days (e.g. 
weekends) may inadvertently bias prevalence estimates. However, delegates noted an 
important limitation in directly applying these results to structured surveillance protocols 
such as STEPS. While one study (27) demonstrated that randomly selected monitoring 
days can yield unbiased group-level estimates, it does not address whether protocols 
that systematically restrict wear time to the same fixed days for all participants (for 
example, only days 1–2 of a survey cycle) would produce similarly unbiased estimates. In 
such designs, bias may arise if participants interviewed later in the fieldwork cycle differ 
systematically from those interviewed earlier, or if activity patterns vary by day of the 
week in non-random ways. This distinction was viewed as particularly relevant for STEPS-
style fieldwork, where operational constraints may limit the ability to randomize wear 
days across participants.

Evidence based on ICC-focused approaches

Delegates also discussed evidence using ICC-based methods, including recent analysis 
from UK Biobank (28) which used missing-data simulations to assess how many hours or 
days of wear were required to maintain acceptable reliability (e.g. ICC ≥ 0.90) for summary 
metrics such as vector magnitude. These analyses suggested that approximately 72 hours 
(≈3 days) of wear may provide acceptable reliability in high-income adult populations. While 
such findings are informative, participants emphasized that ICC-based reliability addresses 
a different question – namely the consistency of individual measurements across days – and 
should not be interpreted as a direct requirement for estimating population-level prevalence. 
The applicability of these findings depends critically on whether wear days are randomly 
distributed across participants rather than systematically constrained by fieldwork design.

Summary of discussion 

In summary, delegates agreed that minimum wear-time criteria remain an unresolved 
but critical design choice with major operational implications. The discussion highlighted 
the following:

•	 Fewer wear days may be sufficient – and defensible – for estimating population-level 
means and prevalence, provided days are sampled randomly.

•	 Wear-time requirements derived from ICC-based reliability studies should not be applied 
uncritically to surveillance contexts.

•	 Further empirical work, including leveraging secondary analyses of existing datasets, is 
needed to assess minimum wear-time requirements for specific metrics (MVPA, steps, 
sedentary behaviour), across diverse populations and settings.

Participants agreed a rapid review of existing evidence and conducting analyses of large 
datasets to test alternative wear-time scenarios (e.g. 1, 2, or 3-day protocols) under 
realistic surveillance constraints be undertaken. Given the substantial cost and feasibility 
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implications, this was viewed as a priority area where evidence-informed guidance could 
have immediate practical value for countries planning wearable-based surveillance.

Section summary 

Across the four technical issues reviewed – device choice, wear location, algorithm selection 
and minimum wear-time criteria – the discussion consistently highlighted that decisions 
which appear “technical” have substantial implications for feasibility, comparability and 
interpretation of national physical activity surveillance data. While countries expressed 
interest in standardization to support comparability, there was equally strong recognition 
of the need for flexibility to accommodate differing surveillance objectives, fieldwork 
constraints and national contexts. The evidence reviewed shows that not all sources 
of variation are equal, and that prioritization is essential in developing practical and 
credible guidance.

Overall, the discussion confirmed that algorithm choice is the dominant driver of variation 
in wearable-derived estimates, exceeding the influence of device brand and, in many 
cases, wear location itself when raw data are analysed using appropriate methods. For a 
given wear location, differences between commonly used research-grade devices are small 
when harmonized analytic pipelines are applied, supporting a device-agnostic approach 
to guidance.

Wear location, however, remains a critical structural decision. Estimates derived from 
different placements (e.g. wrist, thigh, hip) are not directly comparable by default, as each 
captures different movement signals and requires placement-specific algorithms (and, 
in practice, should be treated as measuring different constructs unless harmonization 
methods are explicitly applied). Thigh-worn devices provide greater validity for posture-
based outcomes, while wrist-worn devices offer clear advantages in feasibility, adherence 
and scalability for population surveillance. Bridging these placements requires access to 
raw data and validated algorithms or harmonization methods; without these, differences 
in wear location will translate into systematic differences in estimates. No single placement 
is optimal for all metrics, reinforcing the importance of aligning wear-location decisions 
with surveillance objectives and maintaining internal consistency over time.

The discussion on wear-time criteria further emphasized that the purpose of surveillance 
matters. Evidence suggests that the number of days required to achieve stable population-
level means and prevalence estimates may be substantially fewer than those derived 
from individual-level reliability analyses based on intraclass correlation coefficients. 
However, important uncertainties remain, particularly regarding structured protocols that 
systematically restrict wear days under real-world fieldwork constraints. Together, these 
findings underscore that WHO guidance should avoid prescriptive technical rules and 
instead focus on clarifying principles, performance standards and decision frameworks – 
supporting countries to make transparent, evidence-informed choices while enabling 
comparability, learning, and adaptation as methods and evidence continue to evolve.
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Section 4: Measurement of 
cycling behaviours

A second core objective of this meeting was to review evidence on the performance of 
wearable device-based measurement of cycling. Specifically, the session aimed to review 
the evidence on how well wrist-worn devices perform compared with a ground truth 
measure and alternative wear locations such as the thigh. The measurement of cycling is an 
important issue for those countries where cycling is a popular form of physical activity for 
transport, exercise or recreation. This is particular true in the Kingdom of the Netherlands, 
where national data show that over 25% of all trips are made by bicycle (29) – higher than 
in any other country in the world (30). Self-reported data indicate that adults (aged 18–65) 
cycle on average more than two hours per week, including both commuting and leisure-
time cycling (31). Given these national data, the Dutch government is particularly interested 
in how well wearable devices will detect cycling behaviours so that these minutes of at 
least moderate-intensity activity are accurately included in outcome metrics reporting 
prevalence of meeting the adult physical activity guidelines. 

This session was supported by four presentations and aimed to:

1.	 assess the extent and strength of evidence evaluating wrist-worn wearable device-
based measurement of cycling behaviours;

2.	 review the measurement performance of open-source machine learning algorithms 
of cycling behaviours;

3.	 identify knowledge gaps and create a list of research needs; 

4.	 scope opportunities to conduct research to address knowledge gaps through 
collaborations, and the use of existing or new datasets.

Presentation 1: Understanding the public evidence on cycling-
mode detection using wrist- and thigh-wearable devices

Presented by Dr Daniel Fuller

Overview

This presentation provided a rapid (“flash”) review of the evidence on how accurately cycling 
can be detected from wearable devices – particularly wrist-worn accelerometers – using 
machine-learning models. Transport-mode detection (e.g. walking, cycling, standing, riding 
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public transport) is a rapidly advancing field with potential value for national physical-
activity and mobility surveillance.

Methods

A flash review10 was conducted to identify published studies meeting the following 
criteria: used a wrist-worn accelerometer; included cycling as a classification category 
(stationary and/or mobile); applied at least one machine-learning model; and reported a 
clear performance metric.

From 15 initially identified articles, six met inclusion criteria. Key data extracted included 
participant characteristics, device specifications, data-collection frequency, model types, 
classification categories, and performance metrics. Some studies also compared wrist-
based classification with thigh- or hip-worn sensors.

Key findings

•	 Sample sizes varied widely (10–600 participants) and showed considerable heterogeneity 
in study design and populations.

•	 All included studies used Random Forest models,11 with many exploring additional 
traditional machine-learning approaches.

•	 Classification tasks typically involved 4–10 activity categories, most commonly walking, 
sitting, standing and cycling.

•	 The average accuracy for detecting cycling from wrist sensors was 72% (range 46%–95%).

•	 Evidence comparing wrist to hip/thigh devices was inconclusive (two studies favoured 
thigh/hip; one favoured wrist).

•	 Reporting of key modelling steps – such as hyperparameter tuning, cross-validation 
procedures and dataset availability – was generally limited.

Key messages

The current published evidence suggests that wrist-based cycling detection is feasible but 
variable, with accuracy influenced by study design, model choice, device placement, and 
diversity of activity categories. Importantly, the reviewed studies largely relied on older 
machine-learning techniques. The presenter noted that newer approaches – particularly 
self-supervised learning and deep learning – are likely to provide substantial performance 
improvements and could help standardize transport-mode detection for public-health 
surveillance applications. Overall, published evidence provided some promising indications 
but was viewed as insufficient to inform policy decisions.

10	 For more details on novel “Flash” review methods see https://teaminteract.ca/flashreviews/.
11	 A Random Forest is a machine learning model that works by using many decision trees, collectively called a “forest,” to 

make a prediction. Decision trees can be visualized as a flow chart of conditions that can be used to most accurately 
classify or predict outcomes. 

https://teaminteract.ca/flashreviews/
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Presentation 2: High-performance detection of cycling from 
free-living wrist accelerometer data using a self-supervised 
algorithm

Presented by Dr Laura Brocklebank, on behalf of co-authors Drs Aidan Acquah, Ben 
Maylor, Vic O’Callaghan, Aiden Doherty

Overview

This presentation introduced ActiNet, a new open-source, self-supervised machine learning 
algorithm designed to detect cycling from free-living wrist-worn accelerometer data. This 
new work was undertaken to respond directly to the need for more accurate, scalable 
transport-mode and activity-type detection, especially for integration into population-
level physical activity surveillance systems.

Methods

•	 ActiNet was trained and evaluated using the CAPTURE-24 dataset, in which 151 adults 
(aged 18–91 years) wore an Axivity AX3 wrist accelerometer for 24 hours along with 
a wearable camera providing ground-truth labels for activity types, including cycling.

•	 Model performance was evaluated using five-fold cross-validation, with accuracy used as 
the primary metric to assess agreement between the ground-truth (“true”) and model-
assigned (“predicted”) labels.

•	 In addition, an external validation currently underway using the English Longitudinal 
Study of Ageing (ELSA) provided a dataset of 82 adults ≥ 50 years using an identical 
sensing and wearable-camera protocol.

•	 Both labelled datasets are publicly available, enabling reproducibility and further 
method development.

Key findings

•	 The CAPTURE-24 dataset included 3114 30-second windows labelled as cycling.

•	 Preliminary results indicate that 95% of cycling was correctly identified by the ActiNet 
algorithm, representing a substantial improvement over an earlier random forest model 
which achieved 88.7% accuracy.

•	 ActiNet worked well for detecting outdoor cycling with a wrist-worn accelerometer, but 
not for detecting indoor or stationary cycling.

•	 Data show that 87% of cycling was MVPA and 13% was light-intensity physical activity.

•	 Upcoming additional analyses will assess per-participant accuracy, sensitivity and 
specificity, and performance on both internal (CAPTURE-24) and external (ELSA) datasets 
to assess generalizability. 
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Key messages

These preliminary findings indicate that the ActiNet algorithm showed good performance 
for detecting cycling in free-living conditions. The study demonstrates that self-supervised 
machine learning substantially enhances cycling detection accuracy from wrist-worn 
accelerometers – an important advancement for measurement of moderate-to-vigorous 
physical activity in free-living conditions. The open-source nature of ActiNet, combined 
with publicly available training datasets, provides a strong foundation for transparent, 
scalable and globally adaptable algorithms, with clear relevance to future WHO guidance 
on wearable-device based surveillance.

Presentation 3: Leveraging thigh-movement patterns to 
improve wrist-worn cycling detection using GAN-based signal 
harmonization

Presented by Dr Matthew Ahmadi on behalf of Drs Hossein Moeinzadeh, Alcion Popp, 
Manos Stamatakis

Overview

This presentation described an advanced machine-learning approach that uses Generative 
Adversarial Networks (GANs)12 to translate thigh-based movement signatures into the 
wrist-signal domain. The study aimed to overcome the challenge that wrist and thigh 
sensors produce non-comparable signals, particularly for cycling, where in the thigh 
provides a strong biomechanical signal while the wrist does not. Improving wrist-based 
cycling detection would help achieve better interoperability across studies using different 
device placements.

Methods

•	 Data were collected from 75 adults in Australia (mean age 56 years; 54% female), each 
wearing both wrist and thigh Axivity AX3 devices and video-verified ground truth (with 
an average of approximately 6 hours of data per participant); 7 cyclists and 8.4 hours 
in total of cycling recorded.

•	 The research used a two-stage pipeline:

1.	 Upstream signal translation using a GAN, trained to generate a harmonized wrist 
signal that captures informative patterns typically seen at the thigh.

2.	 Downstream activity classification using a stacked Random Forest and Long Short-
Term Memory (LSTM) model.

•	 Models were trained using 80/20 cross-validation.

12	 GANs help machines to create new, realistic data by learning from existing examples.



Integrating wearable technology into population health monitoring systems for physical activity 
measurement: report of an expert meeting52

•	 External testing used the 151 participants from the CAPTURE-24 dataset, also with paired 
wearable and camera data; 42 cyclists with 24.4 hours of cycling recorded.

•	 Performance was evaluated via sensitivity, precision, F1-score, confusion matrices, 
Bland–Altman plots, and equivalence testing comparing estimated versus ground-truth 
cycling duration.

Key findings

•	 Internal (using Australia data) cross-validation: preliminary results for the wrist device 
showed a sensitivity of 92.5%, precision of 97.3%, and an F1 score of 94.8%. 

•	 External (using CAPTURE-24) testing: sensitivity: 87.3%, precision: 99.2%, F1-score: 92.9% 
and confusion matrices showed robust discrimination of cycling from other behaviours 
across diverse activity contexts (86.4%).

•	 Duration-agreement analyses: Bland–Altman results showed minimal mean bias 
(approximately minus 1.6 minutes with 5% CI 7–10 mins) and acceptable limits 
of agreement.

•	 Equivalence testing indicated results that were not statistically different from ground 
truth, but not fully equivalent within the predefined equivalence zone (± 10%), suggesting 
room for optimization.

•	 Most misclassifications occurred between cycling and walking, likely due to similarities 
in movement patterns.

Key messages

This new work demonstrates GANs offer potential methodology for analysis of data from 
wrist-worn devices to detect cycling with comparable strength compared with thigh-
based movement signals. Employing an approach that uses learning from thigh-derived 
movement patterns and mapping onto wrist-derived signals can substantially improve 
the accuracy of wrist-based cycling detection while supporting greater interoperability 
across cohorts and study protocols. Future improvements are expected through expanding 
training datasets (e.g. more cyclists, longer cycling observations), refining harmonization 
models, and exploring applicability to a broader set of movement behaviours.
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Presentation 4: Independent performance evaluation of an 
open-source wrist algorithm for cycling detection

Presented by Dr Sarah Kozey Keadle on behalf of the Wrist Algorithms: Verification, 
Evaluation and Surveillance (WAVES) Research Initiative

Overview

This presentation reported an independent evaluation of the open-source ActiNet self-
supervised algorithm for detecting cycling from free-living wrist-worn accelerometer 
data. The work forms part of the WAVES (Wrist Algorithms: Verification, Evaluation and 
Surveillance) initiative and applies the PhasED Framework for algorithm evaluation 
(Phase III: performance evaluation in naturalistic conditions). Evaluation was conducted 
comparing wrist-worn ActiNet to a primary reference measure of video-recorded direct 
observation. As a comparator to provide context for accuracy, thigh-worn activPAL data 
were also compared to direct observation. 

Methods

•	 Data were drawn from two studies (ACT24 with 24 subjects, and AM with 25 subjects), 
each including healthy adults aged 18–80 years wearing both a wrist device for 7 days 
(GENEActiv or ActiGraph GT3X+ at 80 Hz), and a thigh-worn activPAL (CREA v1.3) device 
over the same period. 

•	 Participants also completed two video-recorded observation sessions (2–3 hours each). 

•	 Trained research assistants coded posture, movement type and intensity, including 
cycling, using a refined direct observation protocol.

•	 To compare metrics directly, the team converted direct observation labels to 1-second 
epochs, converted ActiNet’s 30-second windows into 1-second estimates, aligned both 
with activPAL output, and calculated accuracy measures (precision, recall, F1,13 balanced 
accuracy) and inspected false-positive/false-negative patterns.

Preliminary results

•	 Used a total of 178 hours of labelled data but only 2.5 hours of cycling behaviour 
recorded – a level lower than used in the CAPTURE-24 study but the richness of these 
data may help offset the low number of hours cycling. 

•	 Within the direct observation verified subset, four participants engaged in four cycling 
events across a range of modalities: mountain-bike trail riding, cargo-bike commuting, 
road-cycling exercise, and stationary indoor cycling. 

•	 Overall, ActiNet was found to be accurate (99.5% balanced accuracy) compared to direct 
observation, with an F1 of 0.85. For example, results showed for stationary indoor bike: 

13	 F1 score is a machine learning evaluation metric that measures a model’s accuracy.
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direct observation (min) 11.1 and ActiNet (min) 11.0 and for road bike / exercise: direct 
observation DO (mins) 91 and ActiNet (mins) 96.

•	 ActiNet detected all cycling events (recall = 0.99), with some false positives (precision=0.74), 
all of which occurred during other MVPA such as walking while pushing an object like 
grocery cart or stroller – a known challenge in wrist-based classification. 

•	 ActivPAL, was also accurate overall (91.2%) and F1 of 0.89. By contrast, activPAL showed 
almost no false positives (precision=0.98), but missed some cycling periods (false 
negatives as reflected in a recall of 0.85) – these were moments involving coasting or 
limited pedal motion that were categorized as “upright”. 

•	 Direct observation review confirmed that cycling modalities were highly variable, 
providing a valuable stress-test for algorithm generalizability in a sample independent 
from the one in which the algorithm was developed.

Key implications

This independent evaluation provides preliminary but encouraging evidence that ActiNet 
can accurately detect cycling duration across diverse cycling modalities, even when 
evaluated under stringent real-world conditions with high-quality reference measures. 
False-positive MVPA misclassifications highlight the need for refinement of wrist-based 
cycling models. Thigh-based ActiPAL performance emphasizes the importance of clear 
operational definitions (e.g. “cycling” vs “pedalling”), and the need for harmonized 
reference standards. Independent evaluation remains an essential step in wearable-
algorithm development and the WAVES workplan directly addresses that gap. Future work 
plans include more data pooling (additional circa 250 hours identified to date) and further 
incorporation of more datasets in 2026 to support the development of a benchmark 
dataset and potential guidance on performance standards for algorithms.

Presentation 5: ActiveLIFE: Large-scale multigenerational 
accelerometry for physical activity and cycling surveillance

Presented by Dr Thijs Eijsvogels

Overview

This presentation introduced ActiveLIFE, a large, multigenerational population cohort 
in the Kingdom of the Netherlands that is integrating objective accelerometry into 
ongoing health surveillance. The initiative aims to link thigh and wrist accelerometer 
data with biological, clinical, environmental and behavioural measurements. These include 
electrocardiograms, blood and urine biomarkers, pulmonary function (subset), body 
composition, mental health, genetics (subset), CT scans (subset), risk factors, health-care 
expenditure, diet, environmental characteristics and health outcomes. The ActiveLIFE 
Human Activity Recognition sub-study will additionally support algorithm development, 
external validation and deeper insights into physical activity types such as cycling – a highly 
prevalent behaviour in the Dutch population.
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Study design

•	 ActiveLIFE builds on the established population-based Lifelines Biobank cohort with 
extensive phenotyping since 2006, now expanding with accelerometry to participants 
aged 8–99 years. 

•	 The ActiveLIFE cohort comprises 60 000 participants in the 4th wave of Lifelines data 
collection (2025–2029, n=80,000) and thus far an 87% participation rate. 

•	 The study uses an Axivity AX3, with wear locations on right thigh (all) and non-dominant 
wrist (subsample of around 10%, n=6,000); sampling at 100 Hz and range: ±8 g; wear 
protocol: 8 days free-living.

Work underway (Human Activity Recognition sub-study)

•	 Currently developing a comprehensive data-processing and machine-learning framework 
using a development dataset of 100 participants, stratified by age (30–70 years) and 
cardiovascular disease (CVD) status (50% with CVD). 

•	 These participants wear devices at six body locations and complete a free-living protocol. 
Activities are video annotated to produce high-quality ground truth. 

•	 Machine-learning models are being trained and evaluated for a broad suite of behaviours 
(physical activity, sedentary time, steps) and specifically cycling, taking advantage of 
thigh-based signal quality.

Preliminary findings 

•	 Analysis of 3555 participants with processed data showed cycling is highly prevalent 
with median cycling time of 58 minutes per week (inter quartile range –147 min/week). 

•	 Plans for cycling-specific analyses include comparing wrist versus thigh outputs, different 
algorithmic approaches, and external versus internal validation pipelines.

Key implications

ActiveLIFE represents a new resource for objective surveillance of physical activity and 
cycling. Its strengths include large-scale and multigenerational sampling, harmonized 
wrist-thigh accelerometry, comprehensive health and environmental covariates, and 
purpose-built datasets for algorithm development and validation. ActiveLIFE can directly 
support efforts to develop robust, validated, and globally comparable algorithms – 
particularly for behaviours such as cycling, where wrist-only detection remains challenging. 
This resource will also help define reference patterns, improve existing models and inform 
international guidance on wearable-device based population surveillance. External 
validation of available algorithms is a planned study objective and can support developing 
a benchmarking process for algorithms. 



Integrating wearable technology into population health monitoring systems for physical activity 
measurement: report of an expert meeting56

Additional short presentation

Opportunities to advance knowledge on the specific issues of measuring cycling and 
more broadly on evaluation of wearable device-based measurement of physical activity 
was shared with an additional invited short presentation by Dr Antje Hebestreit and Dr 
Christoph Buck, who joined the session virtually from the University of Leibniz Institute 
for Prevention Research and Epidemiology (a WHO Collaborating Centre for Obesity 
Prevention, Nutrition and Physical Activity). They provided a brief overview of the WEALTH 
study14 and shared preliminary results that indicated that wrist-worn devices were able 
detect cycling with 91% accuracy. 

Summary of discussion

•	 Classifying both activity type and activity intensity: Classifying cycling (an activity 
type) is more complex than classifying intensity and to date most algorithms do not 
simultaneously classify both activity type and intensity; separate provision of estimates 
of overall MVPA and cycling time will require training datasets with both aspects and 
robust ground-truth labelling. 

•	 Detecting E-bikes and other cycling modes: The rise of e-bikes has introduced new 
challenges as the movement patterns and intensity will differ from traditional cycling, 
and current analyses may not adequately distinguish between them. Understanding of 
this issue is limited by the absence of sufficient inclusion of diverse cycling modalities 
in training datasets and requires robust ground-truth labelling. A systematic review 
and the Compendium of Physical Activities for e-bikes indicate energy costs are lower 
when riding an e-bike compared to cycling but still meet the 3 MET threshold for 
moderate intensity activity. Populations interested in distinguishing manual cycling 
from e-bike usage may need to incorporate a self-report question on cycling modalities 
to supplement device data. 

•	 Differentiating cycling from other “similar” movement patterns: This key issue 
received considerable attention and the discussion focussed on the scope and scale of 
potential misclassification due to activities that mimic cycling movements (e.g. pushing 
a stroller, driving a vehicle). It was agreed that the absence of a sufficient quantity of 
these activities in the training datasets is a limitation at this time; it was noted that “easy” 
comparisons (i.e. compared with driving a vehicle) had more data and show that current 
analyses can differentiate well; but it was agreed that more research was needed on the 
“harder” comparisons, such as differentiating cycling from riding a scooter and other 
activities that occur at a similar speed and have wrists placed on a handlebar. 

•	 How generalizable are the current (machine-learning) analytical models? It was 
agreed that performance varies by dataset and context and that most validation in 
this field has occurred with data from high-income settings; it was therefore strongly 
endorsed that more evaluation studies in low- and middle-income countries are needed.

14	 See https://wealth-stamify.com/.

https://wealth-stamify.com/
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•	 Need for reference standards for data labelling: delegates reaffirmed the need 
for investment in more research to support the development of high quality more 
diverse training datasets to accelerate the improvement in algorithm accuracy – that 
is to improve detection and classification of cycling as well as MVPA .It was agreed that 
efforts to share and, where possible, pool datasets are needed, and harmonization of 
data labelling methods is a key priority. The development of common coding is needed 
as is establishing consensus on performance standards. 

•	 Leverage learning from cohort studies: The session included presentations of 
secondary analyses of relevant data from large cohort studies, demonstrating the value 
of leveraging these large datasets for analysis to help resolve issues. The use of existing 
cohort datasets to inform test-specific analytic approaches was seen as potentially useful 
and to be pursued where relevant. Within this context it was noted that support and 
funding for these (expensive) longitudinal studies is hard to secure and therefore any 
additional dataset uses could provide a useful rationale for investment and demonstrate 
added value – which is vital in discussions with decision-makers and funders.

•	 Is wearable device data “better” than self-report recall of cycling? Discussion 
points reminded that while the focus of this session was to compare the accuracy of 
wrist- and thigh-worn devices, it was suggested that both wear locations are better 
in comparison to estimates based on self-report recall (the current method in use in 
most national surveillance). Counter views shared that self-report data may be better 
because some specific activities, such as cycling for transport to work/school, may be 
fairly accurately recalled and therefore provide highly valuable data. Participants agreed 
that this depended on survey questions. The possible use of both wearable devices and 
a questionnaire as complimentary tools was clearly stated. 

•	 Machine-learning methods are complex and rapidly changing: The discussion noted 
that the considerable technical specificity and complexity in machine-learning methods, 
and that even those in the field have found it hard to keep up with large developments 
and new approaches over the past decade. It was also noted that this complexity adds 
to the challenge of communicating the evidence – within the field as well as to decision-
makers. Building trust and understanding is a necessary additional agenda.

Section summary

The discussion acknowledged that accurate detection of cycling remains a critical and 
unresolved issue for wearable device-based physical activity surveillance, particularly 
in countries where cycling contributes substantially to total moderate-intensity activity. 
Recent advances in machine learning – especially self-supervised and GAN-based 
approaches – show promise for improving wrist-based cycling detection, but performance 
remains highly context-dependent and sensitive to training data, reference standards and 
cycling modality.

Delegates agreed that classifying activity type (such as cycling) requires a different 
methodological approach compared to estimating activity intensity, which is a physiologic 
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construct. Most current algorithms do not yet robustly combine both, and as a result, 
surveillance systems may need to report cycling time and MVPA separately. Future 
modelling advances explicitly trained using high-quality ground truth data with both 
activity type and intensity may drive advances in this area. Importantly, for surveillance, 
algorithm performance should be evaluated based on its impact on population-level 
prevalence estimates, recognizing that misclassification may influence national estimates 
differently than individual-level accuracy metrics suggest.

Key challenges identified included the rise of e-bikes, misclassification with cycling-like 
activities, and the limited generalizability of existing models, which are largely based 
on data from high-income settings. Participants strongly endorsed the need for more 
diverse training datasets and additional evaluation studies, particularly in low- and middle-
income countries, and reflecting real-world cycling behaviours. A central theme of the 
discussion of results was the trade-off between thigh-worn devices, which logically can 
capture additional details about cycling such as pedalling and are more widely used at 
this time; and wrist-worn devices as the most scalable option for population surveillance, 
highlighting the importance of bridging approaches such as signal harmonization. 
Leveraging large cohort studies and collaborative initiatives (e.g. PRoPAss, ActiveLIFE and 
WAVES) for developmental research was seen as essential to accelerating progress.

The discussion reflected differing views on the relative value of wearable device data 
and self-report measures. While devices offer advantages for objectivity and pattern 
detection, self-report was considered valuable as well. For example, self-report has been 
shown to be accurate for measuring trips and just slightly overestimates duration. It can 
also provide the additional advantages of capturing other related data such as domain 
(e.g. exercise vs transport related cycling) and type of bicycle (e-bike, road, stationary) 
that might inform energy cost or other derived estimates. Finally, delegates noted that 
the rapid evolution and complexity of machine-learning methods pose challenges for 
communication and trust. Delegates suggested WHO guidance should help to translate 
technical findings of algorithm performance into policy-relevant terms and ensure analytic 
tools are transparent, accurate and reproducible. Delegates also restated the importance 
of independent evaluation as a prerequisite for building confidence in the use of wearable 
devices to measure cycling within national surveillance systems.
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Section 5: Review of WHO STEPS  
and protocols for implementing 
wearable technology to measure 
physical activity

15 See https://www.who.int/teams/noncommunicable-diseases/surveillance/systems-tools/steps/instrument.

This section summarizes a “question and answer” session conducted with Leanne Riley, 
Head of the Surveillance, Monitoring and Reporting unit at WHO headquarters. Her 
team provides support to Member States to plan, undertake and analyse population-
wide surveillance of NCD risk factors. This report provides details on the WHO STEPwise 
approach to surveillance (STEPS)15 process in countries followed by a summary of the 
discussion on how a wearable device (wrist-worn) could be integrated into STEPS protocols 
effectively and efficiently. The discussion generated a list of recommended actions and 
support that would be required.

Introduction to STEPS and the global context

• STEPS has been implemented in approximately 120–130 countries, initially this was in low- 
and middle-income settings, but more recently an increasing number of high-income
countries (for example in the Eastern Mediterranean Region) have also participated.

• The European Region remains less represented, as there are various pan-European
surveillance systems; however uptake is starting in Central and Eastern Europe.

• STEPS surveys are recommended every 5 years but generally repeated every 7–10 years.

• Countries initiate interest and engagement through WHO regional or country offices.

Resource mobilization and WHO’s role

• WHO is not a funding agency; countries are expected to mobilize their own resources
to ensure sustainability.

• WHO provides technical advice, training, equipment, and support in identifying potential
donor contributions where gaps exist.

https://www.who.int/teams/noncommunicable-diseases/surveillance/systems-tools/steps/instrument
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•	 Approximate costs of implementing one national data collection using STEPS methods 
and protocols range between US$ 350 000–500 000, with countries contributing staff 
and WHO assisting with equipment, supplies, and per diems. This excludes any use or 
integration of a wearable device.

Survey design and sampling

•	 STEPS comprises three components: (1) a questionnaire (behavioural risk factors); 
(2) physical measurements (height, weight, blood pressure, waist/hip circumference); 
and (3) biochemical assessments (blood glucose, cholesterol, urinary sodium).

•	 The standard sample size is around 6000 adults aged 18–69 years, stratified by sex and 
age; and often urban/rural at country request.

•	 Sampling frames are developed with relevant national authorities and based on national 
census data, with enumeration areas selected proportionally to urban/rural distribution.

•	 Only one eligible adult per household is randomly selected using electronic devices.

Field operations

•	 A typical field team comprises five members: driver, supervisor, two interviewers, and 
one interviewer/biomedical measurement technician.

•	 Around 15 teams operate simultaneously, each covering approx. 15–20 households per 
enumeration area; however these data collection protocols and capacity are determined 
on a country-by-country basis according to funding and local context.

•	 STEPS behaviour survey interviews last between 20–50 minutes; followed by physical 
measures undertaken in the household. Biochemical assessments are conducted at 
local clinics or community facilities in the same location on the following day, as they 
require overnight fasting and urine collection.

•	 STEPS usually achieves very high response rates (for example: 70–80% for Steps 1–2; 
60–70% for Step 3), this is thought to be the result of strong support by government, 
strong community trust, and because often in low- and middle-income countries, 
participants have poor access to health services and participation in STEPS can provide 
the individual with health measures (such as blood pressure) and where needed, data 
collectors may also help with follow-up actions for any abnormal findings.

Training and quality assurance

•	 WHO conducts five days of intensive training with national data-collection teams, 
covering questionnaires, anthropometry, biochemical measures, and data management.

•	 Training includes practice sessions and pilot testing with members of the local community.



Section 5: Review of WHO STEPS and protocols for implementing wearable technology to measure physical activity 61

•	 Data are collected electronically, uploaded to secure servers, and monitored in real time 
for quality assurance (e.g. blood pressure intervals, household listings).

•	 Supervisors and WHO maintain weekly oversight calls during fieldwork; and there is 
strict ongoing quality assurance through data collection to detect non-compliance with 
data collection protocols or any other issues.

Data management and ownership

•	 All data are owned by the country, even when WHO provides technical or financial support.

•	 WHO assists with data processing, weighting, and analysis using standard packages, 
when requested by countries.

•	 Countries are encouraged to publish results promptly and anonymized datasets are 
deposited in the WHO Microdata Repository16 within two years of collection.

Ethical considerations

•	 Informed consent to participate in STEPS is obtained at household level, with information 
sheets provided and revisits arranged where necessary.

•	 Participants may opt to complete only certain components, but this is increasingly less 
common and partial data are accepted.

•	 High participation is partly attributed to perceived health benefits and trust in 
government-linked survey teams.

Experience in the WHO European Region of piloting wearable 
devices in national surveys (Republic of Moldova and Georgia)

•	 Feasibility mainly depends on context and implementation. The first WHO European 
Region pilot (in the Republic of Moldova) demonstrated that introducing accelerometry 
into STEPS-style surveys is technically possible but operationally fragile when 
implemented under time pressure, limited training, and pandemic-related constraints.

•	 Training, preparation, and workflow design are critical determinants of success. In 
Moldova, limited training, lack of detailed guidance and positioning accelerometers as 
“optional” resulted in low participation (22%) and very limited usable data. In contrast, 
Georgia invested heavily in detailed training materials, pilot testing and redesigned 
workflows, leading to high wear-time compliance.

•	 Fieldwork conditions strongly influence data quality. COVID-19 disruptions, interviewer 
fatigue and competing survey demands undermined implementation in Moldova. In 

16	 See https://extranet.who.int/ncdsmicrodata/index.php/home.

https://extranet.who.int/ncdsmicrodata/index.php/home
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Georgia, motivated teams, strong coordination, and alignment with an existing salt 
survey enabled smoother integration of accelerometry.

•	 Centralized device management improves data quality. Activation of devices centrally 
(rather than in the field) and clearer data-handling procedures in Georgia reduced errors 
and improved monitoring compared to tablet-based activation used in the Republic 
of Moldova.

•	 Participant engagement strategies matter, but simple solutions may suffice. High 
compliance in Georgia suggests that well-designed protocols and trusted interviewers 
are more important than technological add-ons; SMS reminders did not significantly 
improve wear-time compliance.

•	 Iterative piloting is essential before scale-up. Across both pilots, WHO experience 
reinforced the need to adapt, pilot, refine and re-pilot protocols locally, ensure sufficient 
capacity and time, and avoid rapid deployment before workflows are robust – particularly 
when aiming for population-representative samples beyond capital cities.

Section summary 

The discussion highlighted the operational complexity of conducting STEPS surveys, 
emphasizing the importance of national ownership, WHO technical support, robust 
training, and continuous quality assurance. Experience from WHO European Region pilots 
demonstrated that while integration of wearable devices into STEPS is technically feasible, 
success is highly dependent on preparation, workflow design and field implementation. 
High response rates and data quality are achievable when wearable protocols are well 
integrated into existing survey operations, supported by adequate training and clear 
procedures. Participants emphasized that integration of wearable devices requires 
developing realistic, feasible protocols that are piloted and adapted to country context 
before scale-up. The requirement for 7-day wear time was identified as one of the most 
critical practical challenges to implementation within STEPS protocols, and solutions are 
needed that do not increase cost and complexity. 
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Section 6: Advancing the  
integration of wearable devices 
into STEPS surveys

Given the clear outline of the STEPS protocols (see section 5) and the detailed account of 
the approaches taken to support STEPS implementation in Member States, this section 
summarizes the discussion on how the logistical challenges of practical administration 
could be addressed feasibly and efficiently – issues that were not addressed in detail during 
the 3rd meeting in Montreal (4). 

The discussion focused on the operational details of administering a wearable device 
in fieldwork; minimum data requirements (i.e., wear time, which is related to retrieval 
protocol); and the systems and capacities needed to support implementation the “pipeline” 
of wearable device use in STEPS and/or other national surveillance systems. Resolving 
these issues through pilot-testing and adaptation was seen as key to establish a feasible 
yet adaptable approach to integrating wearable accelerometer devices into the STEPS 
approach to national population health surveillance.

Operational considerations: a feasible mechanism for device 
administration

Participants were reminded that integrating accelerometers into STEPS requires alignment 
with existing fieldwork structures. STEPS teams typically remain in a single enumeration 
area for approximately 5–7 days before moving to the next location. Under current 
practices, a 7-day wear-time protocol introduces significant challenges, as participants 
often complete the required wear period after survey teams have left the area. Device 
retrieval was therefore identified as the primary logistical barrier and increased costs and 
complexity. The use of the postal service was seen to be plausible in some contexts but not 
suitable in many others; these concerns were further justified by experiences shared by 
presenting countries at this meeting. Thus, alternative methods are required and several 
options for device return were proposed, including:

•	 Collection through local intermediaries and/or centralized community drop-off 
points (such as clinics or survey sites used for blood and urine collection), supported by 
either a local community health worker (not a STEPS field worker) or other identified (if 
required, paid) local liaison person who already supports STEPS household recruitment.
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•	 Dedicated retrieval mechanisms, such as specific drivers (not STEPS-related) or a local 
courier service, although limited availability or reliability may be a constraint.

Using a commercial courier service was considered (even though this would increase costs) 
and could be tested as part of future pilot studies. Furthermore, where resources allow, a 
courier pick up from the home or a community drop-off location could be considered, with 
devices delivered to a central data handling location in a major centre or capital city. The 
“drop-off” approach has been used elsewhere (e.g. Canada) and could be simplified by the 
participant returning the device to a storage box which, once all devices are registered as 
returned, could be transferred to a central data handling location. This approach would 
require enough devices to support the larger system of data collection – an issue discussed 
below. 

Increase the number of devices through availability of affordable 
(low-cost) devices

A second game-changer identified to be “transformative” to adoption was access to larger 
numbers of more affordable accelerometers. The most immediate impact would be to 
reduce the urgency of speed to download data and prepare to “recycle” the devices for use 
by subsequent participants – often the next day and/or next community. This would ease 
operational pressures and allow a longer time period for device retrieval using mechanisms 
such as those above.

Reduce the wear-time protocol 

A protocol that required fewer days of wear time might help reduce the complexity of 
STEPS field workers having to retrieve devices while they are still in the community. This 
was also regarded as potentially “transformative” for feasibility of administration in a 
typical STEPS field workflow. However, this raised questions about the level of evidence on 
how many valid days were needed to compute a population-level estimate (for example 
on meeting MVPA guidelines) with an acceptable level of confidence. Delegates shared 
knowledge on the available evidence that might support a wear-time protocol of as little 
as 1–3 days of wear time. The trade-offs between reducing wear time to fit the STEPS field 
workflow and getting sufficient quality of useable data were discussed. 

One significant discussion concerned the risk of using a shorter wear time, leading to an 
increase in bias and uncertainty. For example, bias in the sample could be increased if the 
protocol only enabled participants from the first days of the STEPS fieldwork data collection 
cycle to be included and excluded participants interviewed on later days. These participants 
may have been harder to reach for the interview and have different social, economic or 
health factors. This possibility would increase uncertainty, potentially necessitating larger 
sample sizes and increased survey costs to maintain statistical precision. The discussion 
emphasized that methodological decisions on the number of valid wear days must be 
made based on population-level performance under real STEPS operational constraints.
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This discussion remained inconclusive and therefore suggestions were provided on 
additional research and secondary data analysis that could support decision-making. These 
included conducting secondary analysis of existing datasets, such as UK Biobank or the 
ProPASS (Prospective Physical Activity, Sitting and Sleep) Consortium, other known cohort 
studies, and/or other national monitoring datasets held by countries represented at this 
meeting. Analyses should be conducted to assess the impact on population estimates of 
the three key metrics (i.e., MVPA, step count and sedentary behaviour) and compare and 
assess the following: 

•	 7-day protocol compared to those using shorter periods (e.g. 1, 2, or 3 days).

•	 Implications of not including data collected over a weekend.

•	 Systematic omission of data from participants who are interviewed on latter days of the 
data collection protocol (i.e. compare population estimates if wearable data are included 
only from participants interviewed on days 1–2-3 and not days 4–5-6).

•	 Day-of-week variability.

•	 Reactivity on initial wear days within studies using different wear-day protocols.

Where possible, all of these dataset issues should reflect experience in low- and middle-
income settings.

While exploiting existing datasets is expedient, several issues must be considered. For 
example, analysis should be conducted using data collected from studies using different 
wear-time protocols (i.e., not only 7 days) as results from studies using a shorter than 
7-day wear time might produce different results. In addition, conducting primary studies, 
particularly in low- and middle-income countries, may be required and provide additional 
knowledge generation. Moreover, it was recommended that a review of relevant published 
evidence was conducted to collate existing knowledge on unresolved issues. 

Other technological solutions 

Use of mobile phones for data transfer (e.g. Bluetooth upload) was considered but deemed 
impractical in STEPS and many low- and middle-income country settings because of 
variable access to smartphones, Internet connectivity and data plans.

Section summary 

The discussion highlighted that integrating wearable devices into STEPS surveys is 
feasible but requires careful adaptation to existing fieldwork structures and operational 
realities. The primary logistical challenge identified was device retrieval under a 7-day 
wear-time protocol, as STEPS teams typically leave enumeration areas before participants 
complete wear. Alternative retrieval mechanisms – such as community drop-off points, 
local intermediaries, or dedicated retrieval services – were viewed as necessary in many 
contexts, as reliance on postal services is often impractical or unreliable.
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Participants identified two potentially transformative enablers for feasibility: access to 
larger numbers of affordable devices, which would reduce pressure for rapid turnaround; 
and shorter wear-time protocols, which could better align with STEPS field workflows. 
However, reducing wear time raised important methodological concerns regarding 
bias, uncertainty, and representativeness, particularly if certain participant groups 
are systematically excluded. The group agreed that decisions on minimum wear-time 
requirements must be guided by evidence on population-level performance under real-
world STEPS conditions.

To inform future guidance, participants recommended secondary analyses of existing 
datasets and, where necessary, new primary studies – particularly in low- and middle-
income settings – to assess the impact of shorter wear protocols on key population-level 
metrics (i.e. MVPA, step count and sedentary behaviour). The discussion reinforced that 
pilot testing, staged implementation and evidence-informed adaptation are essential to 
establishing a scalable and context-appropriate approach to integrating wearable devices 
into STEPS and other national surveillance systems.
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Section 7: Actions to support 
advancing the integration of 
wearable devices in WHO STEPS 
NCD surveillance protocols

Beyond the discussion and recommendations reported in Section 6, delegates developed 
a list of tasks, resources, collaborations and/or systems that might be needed by WHO or 
Member States to facilitate testing and adoption of wearable devices. These suggestions 
are summarized here.

A phased workplan of multiple pilot studies was considered 
essential

This would require development of guidance and potentially some toolkits on methods 
outlining the recommended study aims and design(s). Pilot studies should be conducted 
in a selection of countries with a diversity of contexts, including different country-specific 
survey logistics, team numbers, geography, travel schedules, weekend work patterns and 
cultural considerations. Forthcoming Member States planning to conduct a STEPS survey in 
2026–2027 could be a starting point and they could be invited and incentivized to support 
and participate field pilots. The options for pilot studies include:

•	 test implementation of the full 7-day wear protocol as well as testing protocols using 
shorter wear periods (e.g. 2–3 days);

•	 test and compare different device retrieval models (e.g. central drop-off, community 
health worker collection, or driver-based retrieval).

Participants highlighted there may be some potential value in seeking any learning from 
analogous field operations, such as multi-day environmental sampling or data collection 
using multiple mobile clinics that enable one team to “leapfrog” another (that is, move 
one step ahead). In addition, it was strongly recommended that early pilots should include 
experienced accelerometry specialists to provide real-time problem solving, support field 
teams, and ensure fidelity to protocols.
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System components required for integration into STEPS

Participants identified several essential components that WHO and country partners will 
need to establish before broader implementation. The list is provided in Table 2 and will 
be used to inform WHO work, stakeholders who collaborate with WHO, and interested 
Member States. 

Table 2. Key components to consider when planning to use device-based measures 
as part of STEPS

Key requirement Description 
Devices Enough wearable devices that meet device specifications and or 

standards as developed by WHO (noting that WHO currently holds 
approximately 1000 wearable devices for use to support advancing this 
work agenda, although additional procurement may also be required).

End-to-end 
protocol

Protocol should specify procedures for:
	– participant introduction to the wearable device and an explanation 
of device use, FAQ, participant information sheets or links to 
supporting materials;

	– device assignment, tracking and retrieval process;

	– management process of late returns, refusals, device loss 
or malfunction;

	– instructions, as needed, for data download, transfer, security 
and storage;

	– outline of roles and responsibilities at national, regional and WHO 
levels; and of any supporting collaborators.

Training 
materials

A dedicated module on wearables added to the STEPS fieldwork staff 
training package, including practical exercises, mock interviews and 
demonstration of device handling.
Training of trainers and field staff to ensure consistency and quality.

Human resources 
and country 
capacity

A designated coordination focal point within each country STEPS team. 
Identification of national institutions to support technical and logistical 
processes. 
According to protocol selection, additional regional/local external 
consultants to deliver staff training on wearable devices and provide 
support through implementation (especially in early pilot work plan).

Data 
management and 
analysis pipeline

A standardized WHO data-processing “pipeline” for data handling.
A methodology (ideally automated) for data analysis support to produce 
agreed outputs determined to be suitable for national reporting.

Quality assurance 
and process 
evaluation

Integration of accelerometer-specific quality assurance procedures 
into STEPS’ existing quality assurance mechanisms – ideally supported 
by a methodology (ideally automated) for analysis of data for wear-
time assessment, non-wear detection, summary metric generation (as 
part of an ongoing quality-control process) and immediate feedback to 
field teams.
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Key requirement Description 
Ongoing capture 
of learning and 
dissemination 

Systematic documentation of pilot experiences, including device return 
rates, wear compliance, logistical failures and necessary adaptations.
Mechanism to share learning between pilots and future STEPS countries 
(website, webinars, newsletter, community of practice).

Advocacy and 
communication

Develop communication tools to provide clear messaging and justification 
for ministries of health, education and/or sport or other entity including 
potential financial supporters, highlighting the added value of device-
based measurement and its policy relevance.
Share examples from pilot studies and other countries to demonstrate 
the value of wearable device data and its use both with and instead of 
self-reported data on physical activity.

Section summary

The discussion provided delegates with detailed insights into STEPS protocols and examples 
of how these have been implemented and adapted to country contexts. Participants 
identified a set of priority actions to develop guidance and protocols on wearable devices 
to better align with existing STEPS field workflow. A phased workplan for pilot-testing was 
outlined and strongly recommended. 

Many participants expressed a strong willingness to support WHO work, including leveraging 
opportunities to conduct pilot studies and contributing to the development of training 
materials, tools and other resources required for accelerometer-based measurement in 
STEPS. A list of the resources that were considered essential or desirable was generated 
to guide WHO planning pilot and demonstration studies. There was broad agreement that 
further pilot testing is necessary before wearable devices can be more widely recommended 
for routine implementation at scale within STEPS or other national health surveillance systems. 
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Section 8: Global research:  
current and future opportunities 

The meeting discussed sharing of information on current collaborations and opportunities 
to collectively advance the evidence, technical and operational implementation, and 
policy related to the use of wearable devices to measure physical activity and related 
behaviours in national population surveillance systems. The session was supported by 
four presentations followed by plenary discussion. 

Presentation 1: WAVES research initiative (Wrist Algorithms: 
Verification, Evaluation and Surveillance)

Presented by Dr Daniel Fuller on behalf of the international research group

The WAVES initiative and workplan responds to increasing recognition that while many 
algorithms exist to classify core behaviours such as steps, sedentary time and MVPA, 
they have not yet been systematically compared or independently evaluated under real-
world conditions for global surveillance purposes. WAVES research is supporting progress 
towards harmonized evaluation of algorithms. This requires more independent testing 
and coordinated technical work to address long-standing uncertainties in order to inform 
global, wearable-based surveillance. The WAVES initiative was developed as a direct 
response to the discussion and identified limitations outlined in the 3rd expert meeting 
in Montreal. 

Purpose and scope

WAVES aims to evaluate and compare available wrist-worn accelerometer algorithms using 
rigorous “Phase III” performance evaluation criteria (32). This includes testing algorithms 
in real-world settings, using established reference measures (“ground truth”), diverse 
participant samples, and appropriate statistical methods. A core objective is to identify a 
set of valid, reliable, transparent and globally applicable algorithms to compute population 
estimates of step counts, sedentary time and (critically) MVPA to support the national 
surveillance work of countries and WHO.

Study 1: Algorithm evaluation using video-labelled data

The first component focuses on identifying existing datasets that include video-labelled 
free-living behaviour alongside wrist-worn accelerometer data. Several suitable datasets 
have been identified across different populations. A total of six step algorithms, eight 
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MVPA algorithms, and six sedentary behaviour algorithms have been shortlisted for head-
to-head comparison. Current work includes harmonizing datasets, creating a shared 
development environment, and establishing open-source code repositories.

Study 2: Field-based evaluation

The second component will conduct a field-based assessment using existing datasets that 
contain wrist accelerometry paired with a secondary reference device that pragmatically 
can be worn by many participants, such as a thigh-worn accelerometers for sedentary 
time (14). This study aims to complement the video-based work and inform the protocol 
and algorithm selection for a future multi-country validation study, with a focus on low- 
and middle-income settings.

Next steps

Future plans are to develop robust benchmark datasets, as well as transparent and 
shared methods for others to use to ensure repeatability and scalability. WAVES research 
work commenced in 2025 and is ongoing and aims to develop guidance on secondary 
reference measures, and to recruit additional datasets and collaborators. It was noted that 
whilst significant technical expertise exists globally, financial and institutional support for 
coordination and funding activities will be essential to maintain and accelerate progress. 
In due course, WAVES will invite contributions of additional benchmark datasets and 
participation from the broader research community.

Presentation 2: Embedding wearables into existing low- and 
middle-income cohorts

Presented by Dr Ben Maylor on behalf of the University of Oxford Wearables Group, 
and collaborators

The presentation outlined plans to embed wearable wrist-worn accelerometry into three 
large, ongoing cohort studies in low- and middle-income countries. These activities will 
be implemented over during 2026 and are designed to assess feasibility, strengthen 
methodological capacity, and generate behavioural data from rural populations that are 
typically under-represented in global datasets.

Study 1. Agincourt Health and Demographic Surveillance System (South Africa)

The Agincourt cohort follows approximately 115 000 individuals across 31 rural villages, 
with long-standing surveillance of demographic and chronic disease outcomes (33). Ethics 
approval has been secured to incorporate wearable wrist-worn devices for the first time. 
A feasibility study will soon start, with device provision and technical oversight led by the 
research team. This work will support the development of protocols suitable for rural 
African contexts and inform future scale-up.
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Study 2. India Study of Healthy Ageing (ISHA)

ISHA is a large national cohort that recruits a representative subsample of approximately 
10 000 adults every 5–10 years from an underlying population of about 220 000 (34). A dual-
energy x-ray absorptiometry (DEXA) scan substudy (around 8000 participants) is currently 
under way. Ethical approval has been granted to embed wrist-worn wearables into the 
ongoing DEXA data collection, with device deployment and field-team training scheduled 
for early 2025. The study operates in remote rural areas, with participants transported 
by bus to central facilities, offering an opportunity to test wearable deployment under 
challenging logistical conditions.

Study 3. The Malaysia Cohort (TMC)

The Malaysia Cohort includes 106 000 adults from 95 rural and 56 urban locations. A new 
accelerometer sub-study (n ≈5000) has recently received ethical approval. The Oxford 
Wearables Group and the ProPASS consortium will support capacity building for the local 
data-collection team.

Planned device validation studies

For both the Agincourt and ISHA cohorts, the accelerometer sub-studies will include an 
additional validation component involving a smaller sample (around 50 people per site). 
As per WAVES guidance, these validation sub-studies will include multiple simultaneous 
reference measures (e.g. wearable camera, thigh-worn devices for sedentary behaviour, 
ankle devices for step-count validation, and heart-rate monitoring for MVPA). These 
validation datasets will be critical for improving the generalizability of behaviour-
classification models, particularly for low- and middle-income populations whose daily 
routines differ substantially from those represented in existing validation datasets from 
the United Kingdom of Great Britain and Northern Ireland.

Linkages and governance

In response to a query during the session, the presenter clarified that these wearable 
and validation sub-studies are embedded within existing research cohorts, rather than 
national surveillance systems, and are not fully representative of national populations. 
For example, the Malaysian Cohort benefits from central government funding, although 
engagement varies across ministries and is driven primarily by scientific rather than public-
health mandates.

Presentation 3: Opportunities for WHO method testing in low- 
and middle-income countries through the ProPASS Consortium

Presenter Dr Manos Stamatakis on behalf of ProPASS consortium

The presentation introduced opportunities to advance testing of WHO-recommended 
methods and to support development of models in low- and middle-income countries 
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through the ProPASS Consortium. ProPASS is an international network comprising more 
than 45 studies using wrist- or thigh-worn accelerometry. Unlike traditional consortia, 
ProPASS not only aggregates data but also actively supports new studies – particularly 
in under-represented regions – to embed accelerometry in ongoing cohort work. This 
positions the consortium as a valuable platform for WHO’s aims to generate diverse, high-
quality data for algorithm training and field-testing.

Several near-term opportunities were highlighted. ProPASS has recently completed 
collaborative agreements with a Healthy Workers Cohort in Mexico, which plans to begin 
wrist-worn accelerometry with approximately 2000 participants in early 2026. Although 
administrative processes were lengthy, collaboration is now well-established and could 
be mobilized to test WHO protocols. A second, highly promising opportunity lies in the 
Malaysia Cohort, already partnering with both ProPASS and the Oxford team, with strong 
local enthusiasm to incorporate accelerometry and good potential for both field-testing 
and algorithm development. Additional possibilities were mentioned in Thailand, where 
prior testing has been undertaken with thigh-worn sensors, offering a potential entry 
point for WHO-aligned methodological work.

The importance of incorporating validation subsamples within these low- and middle-
income cohorts – ideally including multiple simultaneous reference measures (e.g. 
thigh-worn devices for sedentary behaviour, ankle devices for step-count validation, and 
heart-rate monitoring for MVPA) – was emphasized. Such datasets would support the 
development of more generalizable behaviour-classification models, complementing work 
within WAVES. Finally, it was emphasized to frame these opportunities and engagements 
as mutually beneficial academic collaborations. This should include incentives around, for 
example, co-authorship in joint publications and shared outputs to encourage participation 
and sustain long-term partnerships in low- and middle-income research settings.

Presentation 4: Wearable landscape analysis 

Presenter Dr Marco Giurgiu

The presentation described ongoing work to support WHO’s development of technical 
guidance on the use of wearable devices in national population surveillance of physical 
activity. As part of this process, WHO has commissioned a comprehensive landscape 
analysis to identify which currently available wearable devices meet the emerging device 
specifications. This work aims to provide WHO and Member States with a clear, evidence-
based overview of device options suitable for use in large-scale surveillance.

The landscape analysis uses a systematic review and AI-assisted Internet search strategy 
to identify devices and has a structured protocol (building on a prior systematic review 
that covered the period 1970–2022) and identified 423 devices. Of these, only 48 remain 
commercially available. Additional searches identified a further 278 devices, resulting in a 
consolidated catalogue of 326 wearable devices across 101 companies. For each device, an 
extensive set of characteristics is being extracted from publicly available materials – this 
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covers details such as sensor types, wear locations, data export capabilities, battery life, 
and feedback functions – using a structured data-collection framework.

Outputs of this landscape analysis include: a complete device database; detailed analyses 
for selected devices; an evaluation report; and an online, searchable dashboard that will 
be publicly accessible and updated annually. The dashboard will enable users to search 
for devices, view their specifications, and access links to validation studies. 

The database can be filtered according to the device specifications emerging from 
recommendations from WHO expert meetings. For example, of the 326 wearable 
devices identified, 220 provide behavioural feedback, which is unsuitable for population 
surveillance, thus narrowing the pool to 106 devices. Applying further technical filters – 
such as presence of a triaxial accelerometers and raw data export – reduced this set to 
approximately 51 potentially relevant devices. The team expects that further refinement 
will produce a shortlist of 20–30 devices that will then be subject to deeper analysis. This 
“living review” will serve both WHO and the wider research community as a resource 
for identifying devices that align with forthcoming WHO needs and recommendations. 
More information on this work as well as other resources and access to an on-line data 
base developed by the Wearable Landscape Consortium is available at https://wearable-
landscape.info/network.

Summary of discussion 

1. Expanding participation and regional engagement

•	 Participants highlighted the need for broader geographical engagement in this field, 
particularly in regions with high interest but limited representation at the meeting (e.g. 
Western Pacific, PAHO/Latin America, parts of Eastern Europe).

•	 WHO regional offices have begun identifying some candidate countries for future 
involvement – including El Salvador, Zambia, and others – that may be willing to pilot-
test wearable-based measurement.

•	 WHO suggested convening additional regional-focused webinars and informational 
meetings as a strategy for building interest, consolidating partnerships and identifying 
new pilot countries.

2. Leveraging knowledge and capacity from existing networks and facilitating global 
collaboration

•	 The value of leveraging existing research networks (e.g. WAVES, ProPASS and other 
collaborations not represented at the meeting) was emphasised as a mechanism for 
connecting motivated countries and building technical expertise

•	 Countries expressing interest in beginning accelerometry work should consider linking 
directly with researchers already active in their region (e.g. Mexico with ProPASS 
collaborators; South Africa with Oxford Wearables Group).

https://wearable-landscape.info/network
https://wearable-landscape.info/network
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•	 There is strong goodwill and capacity within these networks to develop early and mid-
stage research professionals and support early-stage pilots, including by training and 
technical troubleshooting.

3. Deliverables and expected outcomes from the WAVES research initiative

•	 WAVES expects to provide methods for and results from independently tested algorithms, 
thereby providing WHO with options to include in the WHO guidance document on how 
to calculate step count, sedentary behaviour and MVPA measurements from device data.

•	 Participants noted that methods and algorithms for step count and sedentary 
classification are nearly ready for use, though MVPA requires further work and additional 
training data, especially from older adults and low- and middle-income countries, and 
for some behaviours of interest (e.g. cycling).

•	 A primary output from WAVES will be the creation of independent “benchmark” 
datasets that allow transparent, reproducible evaluation of any algorithm against 
standardized criteria.

4. Need for standards and accuracy thresholds

•	 Discussion highlighted the absence of agreed benchmarks for what constitutes 
“acceptable” algorithm performance and establishing such standards would guide both 
algorithm evaluation and country-level adoption.

•	 Participants proposed developing expert-agreed minimum standards (e.g. accuracy, 
sensitivity, specificity thresholds) informed by practice in other fields.

5. Combining pilot “demonstration” studies with evaluation sub-studies 

•	 Several participants emphasized the opportunity and value of pilot (or “demonstration”) 
studies including a small validation sub-study, where this sub-sample includes a ground-
truth reference measure (e.g. camera-assisted annotation, thigh devices for sedentary 
behaviour, ankle devices for step count, heart rate for MVPA). This is an efficient way to 
advance building diversity into the training datasets (see point 3). 

•	 Collecting such data in low- and middle-income countries, or rural settings, is feasible 
and would substantially improve generalizability of models, especially for under-
represented movement behaviours (such as cycling, and other country and context 
specific occupational activities).

6. Practical and operational learning from existing multi-country cohort studies 

•	 It was recommended that the experience from epidemiological studies underway in 
low- and middle-income countries, including in rural areas (e.g. in Malaysia, Mexico, 
and South Africa), would help identify common operational issues, such as downloading 
data with limited connectivity, device troubleshooting and participant adherence.
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•	 Participants noted that WHO field staff during STEPS may find it difficult to manage 
complex data handling of wearable datasets, meaning third-party technical support 
structures will be required to assist ministries during early adoption.

7. Implications for future WHO support

•	 WHO’s role is expected to centre on facilitating networks, providing methodological 
options, and coordinating third-party technical assistance for countries.

•	 The development of a “pipeline” of support to countries to address data handling and 
processing was identified as essential for future integration of wearables into STEPS 
at scale.

8. Wearable device landscape, technical product profile and repository sustainability

•	 WHO highlighted the commencement of a market landscape analysis that draws 
on substantial prior investment by collaborating research groups. This repository of 
knowledge will directly inform development of WHO guidance by identifying which, if 
any, commercially available devices meet the emerging design specifications.

•	 Questions were raised about the long-term sustainability of the repository, including 
the resources required for maintenance, annual updates, and data verification.

•	 The research lead confirmed plans for the repository and open access data platform to 
evolve into a collaborative, user-contributable resource, contingent on future funding, 
with annual updates envisaged as part of a “living review” model.
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Section 9: Data sharing: an  
example of a national platform 

This session focused on national data infrastructure as a critical enabler of wearable-
based measurement and evidence-informed policy-making in sport and physical activity. 
As countries seek to integrate wearable data with other health and population surveillance 
data and policy systems, practical models for secure, governed and interoperable data 
sharing will be increasingly important. The Dutch Sports Data Valley initiative was presented 
as a real-world example of how such an ecosystem can operate at national scale.

Sports Data Valley, Netherlands (Kingdom of the) 

Presented by Dr Remco Hoekman and Dennis van Kooij

This presentation introduced Sports Data Valley (SDV) as the Dutch national data 
infrastructure designed to support research, policy, education and practice in sport, 
physical activity and health. 

Established and led by the Mulier Institute, SDV was developed in response to the growing 
need for a coherent national data infrastructure for sport and physical activity. The 
platform seeks to address current fragmentation in data collection, storage and access, 
and strengthen evidence-based decision-making through secure, privacy-compliant and 
interoperable data sharing.

SDV is an integrated platform and brings together: questionnaire, registry and survey data; 
wearable and sensor data, including from major commercial wearables with established 
data connections; tools for analysis, reporting and secure data storage within the Kingdom 
of the Netherlands. It is an open, publicly funded infrastructure accessible to citizens, 
researchers, trainers, and policy-makers. The platform shows how data from wearables, 
questionnaires and facilitates can be stored and provide secure sharing and re-use of both 
individual and population-level data. 

All data are hosted within the country to ensure compliance with privacy and ethical 
standards. Users retain ownership and full control through transparent access logs, 
informed consent, and individualized sharing rules, allowing participants and research 
teams to determine how and with whom data are shared. The platform supports a wide 
range of applications including the following:
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•	 Research: enables longitudinal monitoring, integration of multiple data types and 
real-time access for approved researchers, including studies of athlete training 
load, multimodal monitoring and clinical applications using consumer devices with 
electrocardiography functionality.

•	 Education: allows students to gain practical skills in data collection, management 
and analysis.

•	 Clinical monitoring of patients such as those with cardiomyopathy using daily 
wearable data.

•	 Elite athlete monitoring: supporting coaches and athletes monitor their well-being 
and training load, with the possibility of combining wearable and questionnaire data.

•	 Policy: offers interactive dashboards summarizing key indicators at national, regional 
and local levels to inform planning, evaluation and monitoring. 

SDV represents a national collaboration across research, policy and practice, bringing 
disparate data sources together under a trusted governance model to strengthen 
multisectoral collaboration, improve the quality and availability of evidence, and support 
more coherent, informed and transparent policy-making in sport, physical activity 
and health.

SDV has encountered challenges in integrating wearable data, including variability in 
outputs across device models, limited access to raw sensor streams, and differences in 
update frequency driven by device-specific application programming interfaces. 

Important considerations for countries exploring wearable-based measurement 
were identified, including establishing trusted data governance arrangements and 
ensuring technical flexibility to accommodate heterogeneous data types and evolving 
device ecosystems.
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Section 10: Recommendations: 
priorities and suggested next steps

The meeting reaffirmed the importance and timeliness of WHO’s convening and normative 
role in strengthening the scientific and technical methods, and associated guidance, for 
the use of wearable devices to measure physical activity and sedentary behaviour within 
national surveillance systems. It reconfirmed strong interest and support from academic 
partners and national governments to collaborate, including with WHO, to advance this 
agenda at a critical moment, as countries seek more timely, policy-relevant and actionable 
data to guide prevention strategies.

While wearable devices were recognized as offering important advantages over self-report 
questionnaire instruments, several technical, methodological and operational issues 
must still be resolved before broader national implementation is feasible. Participants 
emphasized the need for a phased approach to adoption, through, for example, use 
of the “trial/test and adapt” approach. The meeting also highlighted the importance 
of clear, robust and policy-relevant communication resources to support engagement 
with decision-makers and to ensure confidence in surveillance data during periods of 
methodological transition. 

The priority actions identified as next steps to advance this agenda are summarized below 
across five broad areas.

1. Completion of WHO guidance on the use of wearable devices 
in national population health monitoring systems

Completion of WHO guidance on the use of wearable devices in national population health 
monitoring systems is a core normative deliverable that underpins all other recommended 
actions. Finalizing this guidance will require additional analytical work and targeted 
consultation in several priority areas, including on additional issues identified through 
this meeting. This priority work will include:

a. Minimum and optimum device requirements and protocols

Undertake additional data analysis and consultation to complete drafting of minimum 
and optimum requirements for wearable devices in adults (and in adolescents), including 
secondary data analyses to inform decisions on key parameters such as wear-time 
criteria, data handling, and data formats for storage and sharing, as appropriate.
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b. Training datasets and ground-truth standards

Develop larger and more diverse training datasets, employing common or harmonized 
labelling systems and recommended ground-truth reference instruments, as required. 
This work should seek to leverage and pool existing datasets and build on activities 
already underway through the WAVES research consortium.

c. Benchmarking and algorithm performance assessment

Establish a standard benchmarking dataset and a set of performance standards to 
support independent assessment of open-source algorithms. Develop an accessible 
and sustainable mechanism to support this global work on an ongoing basis, such as 
through a global hub or coordinated platform.

d. Data governance, ethics and regulatory alignment

Consult and develop guidance on data governance for a wearable-devices dataset on 
physical activity and related behaviours including ethical and regulatory considerations, 
consent models, cross-border data-sharing constraints (particularly where international 
support for data processing is required), and safeguards for the responsible reuse of 
raw data.

e. Integration with self-report measures

Consult and develop practical examples of different approaches and multiple use-
cases for wearable device-based measures of physical activity and sedentary behaviour, 
including their use as a replacement for, or in combination with, questionnaire-based 
self-report data within national population surveillance systems, with a focus on 
informing national policy and practice.

The overall aim of the guidance should be to strengthen methodological approaches for 
countries considering testing and adopting wearable devices and it should align with the 
best available scientific evidence. It should support national and global comparability 
of device-based data while allowing flexibility and adaptation of protocols – particularly 
for device administration and retrieval – to accommodate diverse country contexts. The 
document should provide both practical and technical direction to support countries 
adopting or modifying protocols for wearable device use in national surveillance systems.

2. Research and development 

While substantial progress has been made over the past decade, important knowledge gaps 
remain, particularly in relation to research on the use of wearable devices within population 
health surveillance systems and for tracking population-level trends. Targeted research is 
therefore needed to strengthen the evidence base for device-based measurement in these 
contexts. Efforts should seek resources to support and expand international collaborations 
to evaluate wearable device performance across diverse populations, especially in low- and 
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middle-income countries, improve algorithms (particularly for measuring MVPA), and 
strengthen evidence on generalizability.

Opportunities and partnerships should be pursued and supported to build capacity across 
academic and research institutions, as well as within government and national statistical 
agencies, ensuring that methodological advances translate into usable evidence for 
policy and planning. Scientific and technical collaborations between academic partners, 
governments and other stakeholders can support innovation while accelerating uptake 
in surveillance practice. A key equity-related evidence gap is the limited data on device 
performance among people with atypical or impaired movement, including those living 
with disabilities or altered gait, and in older adults, which must be addressed to improve 
algorithm accuracy and avoid systematic exclusion.

Plan and conduct experimental studies, potentially within countries participating in or 
preparing to conduct WHO STEPS, to test strategies to improve response rates and the 
representativeness of samples in device-based measurement of physical activity and 
sedentary behaviour. This should include evaluation of recruitment strategies for under-
represented groups; different incentive and feedback approaches; and operational models 
for device distribution, use and return – particularly in low- and middle-income settings 
where postal systems are limited, including community-based and hybrid delivery models.

3. Conduct demonstration studies 

National adoption should be envisaged as a phased approach, where Phase 1 involves 
a number of (e.g. five to seven) demonstration studies as a deliberate sequencing step 
between methodological development and broader national uptake. These should be 
planned and implemented, leveraging where possible opportunities within countries 
planning to conduct WHO STEPS or other national health surveillance systems, ideally 
during 2026–2028. Learning from these frontrunner countries representing diverse 
contexts should be used to refine and update WHO guidance, protocols and training tools, 
as required. Participating countries should be convened to share experiences, lessons 
learned and practical solutions, strengthening collective knowledge and readiness for 
subsequent phases of implementation

A mechanism should be established to provide technical support in demonstration sites 
and respond to country requests for assistance, including delivery of training on wearable 
device deployment, data management and data processing. Opportunities should be 
sought to deliver this support through collaboration with existing institutional structures, 
WHO networks and relevant research consortia. Such a mechanism will be particularly 
important for low- and middle-income countries, and for rural and remote contexts, where 
current expertise and access to technologies may be more limited.

Opportunities, partnerships and funding mechanisms should also be sought to develop and 
maintain a shared stock of wearable devices and supporting components (e.g. batteries, 
repair, maintenance and inter-country transport) for use in demonstration studies. The cost 
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of devices and the need for sufficient numbers of them remain key constraints that must 
be addressed to enable equitable adoption of technology. In parallel, national capacity and 
collaboration among authorities, technical experts, research groups, statistical offices and 
research institutes should be strengthened to build sustainable systems and infrastructure 
for the use of wearable technology, including training in data collection and management, 
processing and analysis, and use of open-source analytical methods.

4. Communications, advocacy and alignment

Communication, engagement and advocacy materials should be developed and 
disseminated to support informed dialogue with governments and policy-makers on the 
purpose, value and implications of testing, adopting and integrating wearable devices 
into national health surveillance systems. Policy-facing products – including concise 
rationales, policy briefs, technical notes and country examples – can support decision-
makers in understanding the added value of device-based measurement alongside 
existing approaches, without undermining confidence in established surveillance 
systems. Guidance should also support countries in communicating and interpreting 
results, including explaining uncertainty and discrepancies between device-based and 
questionnaire-derived estimates.

In addition, actions and communications should ensure alignment between guidance 
on the use of wearable devices in surveillance systems and the evolving epidemiological 
evidence on the health benefits of physical activity and the risks associated with sedentary 
behaviour. The planned update of the WHO Global guidelines on physical activity and 
sedentary behaviour in 2030 presents a strategic opportunity to ensure that advances in 
device-based measurement are appropriately reflected in future guidance. This alignment 
will help future-proof WHO guidance on wearables and support surveillance systems to 
remain adaptable as evidence evolves.

5. Resource mobilization and investment

Delivering this programme of work will require sustained and coordinated investment 
from governments, research funders and other stakeholders with a shared interest in 
strengthening population health intelligence. As countries increasingly rely on data 
to guide policy decisions, allocate resources and assess impact, investment in robust, 
comparable and policy-relevant measurement systems represents essential infrastructure 
for effective and equitable action. Without such investment, there is a risk that advances in 
measurement technology will outpace the ability of health systems to use data consistently 
and responsibly.

Targeted support is needed to underpin the analytical work, consultations, demonstration/
phase 1 studies and capacity-building activities outlined above, including investment in 
shared data resources, technical platforms and training. These investments will enable 
countries to move beyond exploratory use of wearable devices towards scalable and 
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sustainable integration within national surveillance systems, ensuring that improved 
measurement leads to better evidence, better policy decisions and greater health impact.

Opportunities should be sought to align this agenda with existing national, regional and 
global research and development priorities, including digital health, noncommunicable 
disease prevention, health system strengthening and equity-focused innovation. Strategic 
co-investment across governments, research agencies, philanthropic organizations and 
other partners can accelerate progress, reduce duplication and ensure that advances in 
device-based measurement benefit countries at all income levels.
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Annex 1: Programme

Day 1: Tuesday 25 November 2025

Time Item Session 
moderator 

Location: Figi – conference room

12:00–13:00 Lunch In-person arrival and registration at Hotel Figi
Lunch and networking 

13:00–13:45
20:00 Japan
12:00 UK
5.00 Arizona 
4.00 California 

SESSION 1
Welcome, 
introductions 
and aims

WHO HQ 
RIVM 

Welcome by the co-hosts of this meeting: WHO 
and RIVM 
Set the current context and agenda at WHO 
Outline background context, expectations of 
meeting and intended outputs
Set the current context and agenda at 
RIVM / NL
Short introduction to (1) physical activity in 
health policy and population monitoring in the 
Kingdom of the Netherlands and (2) what RIVM 
would like out of this meeting to help progress 
use of wearable devices for population 
monitoring in the Kingdom of the Netherlands.
Introductions – allow 15–20 mins 
Round table of participants

13:45–14:30
21:15 Japan
12:45 UK
5.45 Arizona
4.45 California 

SESSION 2
Overview 
of WHO and 
work on 
wearables 
at WHO HQ 
and European 
Region

WHO HQ 
WHO EURO

Presentation 1–15 mins + Q+A
WHO HQ overview of:
(1) workplan to develop global guidance on the 
integration of wearable devices into population 
surveillance systems – includes summary of 
prior meetings, progress made, identified 
challenges and research needs; 
(2) outline planned work and contribution of 
this meeting; and 
(3) briefly introduce country completed 
summary and key discussion areas where input 
it needed most. 
Presentation 2 – 15 Mins 
EURO experiences with including wearable 
devices in population health monitoring.
Q&A 

14.30–14.45 BREAK 
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Time Item Session 
moderator 

Location: Figi – conference room

14:45–16:30 
22:15 Japan
13:45 UK
6.45 Arizona 
5.45 California 

SESSION 3
Learning 
from country 
experiences 

WHO HQ
Speakers 
from 
countries

Introduction to session, purpose and format 
Presentation to provide overview of 
country approaches (using completed WHO 
template) 
WHO HQ – 15 minutes
Country presentations: 
1 Canada – Canadian Health Measures 
Survey (CHMS)
Presenters: Rachel Colley & Stephanie 
PrinceWare
15 minutes 
2 Finland – Healthy Finland 2022–23
Presenter: Jouni Lahti
15 minutes 
3 Denmark – Danish National Health Survey 
(NHNS) 2023 and Moving Denmark 2020
Presenter: Mette Toftager
15 minutes 
4 Japan – National Health & Nutrition Survey – 
Japan (NHNS-J)
Presenter: Shigeru Inoue / Shiho Amagasa (TBC)
15 minutes 
Discussion of emerging learnings on success 
and challenges 

16:30 – 17:00 ACTIVE BREAK WITH A HEALTHY SNACK 
17:00–18:30
01:00 Japan 
(26/11)
16:00 UK
9.00 Arizona 
8.00 California

SESSION 4
Learning 
from country 
experiences – 
continued

Session 
moderator 
Speakers 
from 
countries 

Country presentations (continued):
5 Norway – Kan 3 (2020–2022)
Presenter: Jostein Steene- Johannessen 
15 minutes 
6 Finland – FinFit-population study 
2021–2022
Presenter: Tommi Vasankari
15 minutes
7 Sweden – Health on Equal Terms: 2018 sub-
study with accelerometers 
Presenter: Marita Friberg 
15 minutes
Group discussion of learnings and 
experiences 

18:30–18:45 Close Day 1 MOH / RIVM
WHO

Summary reflections by Dutch MOH
Summary reflections by WHO 

18:45–20:15 Networking dinner at Hotel Figi
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Day 2: Wednesday 26 November 2025

Time Item Session 
moderator 

Location: RIVM G22

07:30–08:15 BREAKFAST

08.15–9:00 Transport to RIVM (cycling 7 km) & coffee/tea  
NOTE: ID is needed to enter RIVM-premises 

09.00–9.15 SESSION 5 WHO Recap Day 1 and set context for Day 2

09:15–10:45
20.15 Fiji
17:15 Japan
8:15 UK
1.45 Arizona 
0.45 California 

SESSION 6
Learning 
from pilot 
studies

Session 
moderator 
Speakers 
from 
countries

Countries exploring use of wearables: pilot 
and feasibility studies 
8 – the Kingdom of the Netherlands
Learnings from pilot studies 
Presenter: Barbara Snoeker
20 minutes 
9 – Active Lives Feasibility Study in England, 
UK 
Presenter: Melvyn Hillson and Tessa Strain 
(video link) 
15 minutes 
Group discussion of learnings and 
experiences 

10:45–11:00 COFFEE / TEA break

11:00–13:00
19:00 Japan
10:00 UK
3:00 Arizona 
2:00 California 

SESSION 7
Protocols and 
Methods

WHO Discussion of “best practice” protocols and 
methods for use of wearable devices 

13:00–14:00 LUNCH & time for a short walk 
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Time Item Session 
moderator 

Location: RIVM G22

14:00–15:30
22:00 Japan
13:00 UK
6am Arizona 
5am California 

SESSION 8 
Evidence on 
wearable 
device-based 
measurement 
of cycling 

Chairs: 
Annemarie 
Koster and 
WHO

Session Introduction 
Presentation 1: Results of rapid review 
of evidence on wrist work wearables and 
measurement of cycling 
Presenter: Dan Fuller
Presentation 2: Evidence from improved 
machine learning algorithm for detecting 
cycling behaviours using two free-living 
validation datasets with younger (CAPTURE-24) 
and older (ELSA) British adults with wearable 
camera data
Presenter: Laura Brocklebank
Presentation 3: Results from harmonization 
of wrist and thigh accelerometer signals to 
improve cycling detection
Presenter: Matthew Almadi 
Presentation 4: Results of independent 
testing – WAVES consortium data (title TBC) 
Presenter: Sarah Keadle 
Group discussion
Does the current and emerging evidence 
support use of a wrist-worn wearable device 
with sufficient accuracy to detect cycling 
behaviours in minutes of a MVPA metric? 

15:30–15:45 BREAK
15:45–17:30
23:45 Japan
14:45 UK
7:45 Arizona 
6:45 California

SESSION 9
Wearable 
device-based 
measurement 
of cycling 
behaviours 

Chairs: 
Annemarie 
Koster and 
WHO
Daniel/
Sarah 
Matthew

Focus on cycling continued
Presentation continues (as needed)
Questions to discuss:
1.	 Can devices “adequately” detect MVPA from 

cycling/differentiate cycling behaviours from 
other movements?

2.	 Open-source machine learning algorithm 
available which detects cycling? 

3.	 Do we know enough? What are the 
knowledge gaps?

4.	 What are the priority research questions to 
support WHO drafting guidance on the use 
of wearables?

17:30–17:45 Close Day 2 RIVM / WHO Summary reflections on Day 2 
17:45–18:30 Return to Hotel – cycling 7 km if weather permits
19:00 Networking dinner at restaurant First – 2e Dorpsstraat 67 Zeist – 

2 min walk from Hotel Figi
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Day 3: Thursday 27 November 2025

Time Item Session 
moderator 

Location: FIGI Cinema

09.00–09.15 Session 10 RIVM Opening Day 3 & welcome by Director 
General Sicco Louw

09.15–10.45 
17:15 Japan
08:15 UK
01.15 Arizona 
00:15
California 

Session 11
Global 
research 
priorities and 
opportunities

WHO WHO – Introduction to Day 3 
Presentation 1: Review of research gaps, 
priorities and opportunities (see Montreal 
meeting report)
Presentation 2: WAVES consortium – 
Study 1 – Independent evaluation of current 
open-source algorithms (Dan Fuller)
Q&A and discussion – including other 
research opportunities and collaborations

10:45–11:00 COFFEE / TEA break

11:00–12:15
19:00 Japan
10:00 UK
3.00 Arizona
2:00 California

Session 12 Placeholder – space for carry forward issues 
Potential use
i. for further discussion on surveillance systems 
protocols and methods 
ii. further review of device specifications and 
data analytics protocols (see Appendix tables 
Montreal Report)

12:15–13:00 LUNCH

13:00–14:00
21:00 Japan
12:00 UK
5.00 Arizona
4:00 California

SESSION 13
Data sharing 
platforms

Chair: RIVM Presentation: Overview of Sports Data 
Valley (https://info.sportdatavalley.nl/) – a 
platform for sharing monitoring data enabling 
secondary analyses in the Netherlands. 
Presenters: Remco Hoekman & Dennis van 
Kooij
Mulier Institute
Q&A and discussion on useability

14:00–15:15
22:00 Japan
13:00 UK
6:00 Arizona
5:00 California

SESSION 14
Closing 
session 

WHO and 
RIVM

Recap of meeting 
•	Summary of group recommendations
•	Overview of next steps 
•	Summary comments from delegates

15:15–15:30 Closing MOH, RIVM 
& WHO

Thank you & farewell 

15:30 End of meeting & transport to train station / airport 

https://info.sportdatavalley.nl/
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Annex 3: Summary country templates

Full summary of methods and protocols for use of wearable device in adult populations in national health monitoring systems is available 
on request from letsbeactive@who.int 

Table A3.1. Country system/study overview

Questiona 1.1 
System/study name

3.1 
Device

3.4
Wear location

1.6
Recent 

year

1.5 
First 
year

1.7 
No. of 
times

1.4 
Partners

3.3
Device 

procurement

4.2
(sub)sample 

(initialC)
Canada Canadian Health 

Measures Survey (CHMS)
Actigraphb 
wGT3x-BT

Waist/hip 2025–27 2007 8 cycles None purchased 3264

Denmark 1 Danish National Health 
Survey (DNHS) 

SENSmotion Thigh 2023 2023 1 Express/AS 
Sensmotion
University

Purchased 6993

Denmark 2 Moving Denmark 2020 Axivity AX3 Thigh 2021/22 2021/22 1 University Purchased 1248
Finland 1 Healthy Finland 2022–23 Actigraph 

GT9X Link
Wrist, ND* 2023 2017 2 University Purchased 1980

Finland 2 FINFIT STUDY UKK- RM42 Waist, ND*+ 
Wrist at night

2025–26 2017–18 3 None Own device 10 500

Japan National Health and 
Nutrition Survey (NHNS)

Yamax 
(pedometer)

Waist/hip 
(front pocket 
from 2024)

2024 1989 34 Yamasa Corp 
NIBN

Purchased 4272

Norway	 Norwegian National 
Physical Activity 

Surveillance (NNPAS)

Actigraph 
GTX3X+BT

Waist/hip 2022/22 2008/09 3 Ministry & 
University & 

NIPH

Purchased 6089

Sweden Health on Equal Terms 
(HLV)

UKK – RM42 Waist, ND*+ 
Wrist at night

2025 2018 2 Ministry & 
UKK + others

Borrowed 4000

mailto:letsbeactive%40who.int?subject=
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Questiona 1.1 
System/study name

3.1 
Device

3.4
Wear location

1.6
Recent 

year

1.5 
First 
year

1.7 
No. of 
times

1.4 
Partners

3.3
Device 

procurement

4.2
(sub)sample 

(initialC)
United States 
of America

National Health & 
Nutrition Examination 

Survey (NHANES)

Actigraph 
GT3x

Wrist – ND* 2011/14 2003/06 2 NIH, CDC Purchased 16 000

Kingdom 
of the 
Netherlands

Accelerometer pilot ActivPAL 3/4 Thigh 2024 2023 pilot RIVM, CBS ++ Purchased 1100

a Refers to the corresponding question number in the template – see Web annex; b Actical device cycles 1–6, Actigraph cycle 7 from 2022; C Rough indication of initial/starting device sample; 
*ND non-dominant wrist 
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Table A3.2. Administration

1.1 
System/study name

3.1 
Device

3.6/3.7
Device 

Feedback?

2.9
Handouts?

2.10
Incentive?

5.1
Device 

handout

5.2
Device 
return

3.9
Use of 

ques/diary 
(yes or no)

3.10
Time 

overlapa

Canada Canadian Health 
Measures Survey 

(CHMS)

Actigraph 
wGT3x-BT

No screen
No feedback 

Yes Yes – $ In 
person 
centre

Post return Q-Y
D-N

No

Denmark 1 Danish National Health 
Survey (DNHS) 

SENSmotion No screen
No feedback

Yes Yes – raffle Posted 
to home

Post return Q-Y
D-Y

Yes

Denmark 2 Moving Denmark 2020 Axivity AX3 No screen
No feedback

Yes Yes – 
own data

Posted 
to home

Post return Q-Y Yes

Finland 1 Healthy Finland 2022–23 Actigraph 
GT9X Link

No feedback
+ time of day

Yes Yes – 
own data

Posted 
to home

Post return Q-Y
D-Y

Yes

Finland 2 FINFIT STUDY UKK-RM42 Screen – Yes
+ time of day

Yes No In 
person 
center

Post return Q-Y
D-Y

No – Ques 
Yes – Sleep 

diary
Japan National Health and 

Nutrition Survey (NHNS)
Yamax 

(pedometer)
Screen – Yes
Feedback – 

steps

Yes Yes – the 
pedometer

In 
person 
home

Not 
applicable

Q-Y
D-N

Yes

Norway	 Norwegian National 
Physical Activity 

Surveillance (NNPAS)

Actigraph 
GTX3X+BT

No screen
No feedback

Yes Yes – $ 
voucher

Posted 
to home

Post return Q-Y
D-Y

Yes

Sweden Health on Equal Terms	 UKK-RM42 No screen
No feedback

Yes Yes – 
own data

Posted 
to home

Post return Q-Y
D-Y

Yes

United 
States of 
America

National Health & 
Nutrition Examination 

Survey (NHANES)

Actigraph 
GT3x

No screen
No feedback

Yes Yes – $ In 
person 
centre

Post return Q-Y No

Kingdom 
of the 
Netherlands

Accelerometer pilot ActivPAL 
3/4

No screen
No feedback

Yes Yes – $ 
voucher

Posted 
to home

Post return Q–Y
D-N

No

a The time period of the questionnaire/diary corresponded with the wear time of device.
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Table A3.3. Requirements and training (and indicative sample size)

1.1 
System/study name

3.1 
Device

2.8 
Wear time 

instructions

6.11
Recharge 
required

3.5
Other sensors?

5.5.
Device 

problems %

6.2 
Data 

download

8.1 
Admin/

data training?
Canada Canadian Health 

Measures Survey (CHMS)
Actigraph 
wGT3x-BT

7/24 No Gyroscope
PPG

Malfunction: 
2%

StatCan 
Secure 
Server

Admin-Y
Data-N

Denmark 1 Danish National Health 
Survey (DNHS) 

SENSmotion 7/24 No Gyroscope Very few Amazon 
webserver

Admin-Y
Data-N

Denmark 2 Moving Denmark 2020 Axivity AX3 7/24 – RWa No Skin sensor Minor – few University 
server

Admin-Y
Data-N

Finland 1 Healthy Finland 2022–23 Actigraph 
GT9X Link

7/24 – RWa No No Battery Secure 
server in THL

Admin-N
Data-N

Finland 2 FINFIT STUDY UKK – RM42 7/24 – RWa + 
switchb

No Y – posture 
metrics

None UKK server Admin-Y
Data-N

Japan National Health and 
Nutrition Survey (NHNS)

Yamax 
(pedometer)

1 day waking 
hours

No No No info Manual diary 
data entry

Admin-Y
Data-N

Norway	 Norwegian National 
Physical Activity 

Surveillance (NNPAS)

Actigraph 
GTX3X+BT

7/waking 
hours 

only – RWa

No No 2–3% University 
server

Admin-Y
Data-N

Sweden Health on Equal Terms	 UKK – RM42 7/24 -RWa 
+ switchb

No No Few University & 
PH agency

Admin-N
Data-N

United 
States of 
America

National Health & 
Nutrition Examination 

Survey (NHANES)

Actigraph 
GT3x

7/24 No Light sensor Some 
detected on 

return

Contractor & 
NCHS

Admin-Y
Data-Y

Kingdom 
of the 
Netherlands

Accelerometer pilot ActivPAL 3/4 9 days / 24
RWa

No Gyroscope
PPG

Some battery 
issues

At survey 
center & 

RIVM

Admin-Y
Data-N

a  RW – Instructed to remove for water-based activity/shower/bath; b  Switch = instruction for different wear location at night.



Annex 3: Sum
m

ary country tem
plates 

103

Table A3.4. Data handling and analysis

1.1 
System / study name

3.1
Device

6.3
Raw data?

6.5
Algorithm

6.4
Minimum wear time 

for analysis

6.7
Nr/bias

Adjustment

6.8
Sub-

pop analysis?
Canada Canadian Health Measures 

Survey (CHMS)
Actigraph 
wGT3x-BT

Yes Developed own 
in SAS (Accel) 

and in R (Actical)

≥ 4 days & ≥ 10 hrs Yes Yes

Denmark 1 Danish National Health 
Survey (DNHS) 

SENSmotion Yes-P* P* Actimotus 3 days & ≥ 20 hours + 
5 min walk/day

No No

Denmark 2 Moving Denmark 2020 Axivity AX3 Yes Developed own ≥ 4 days & ≥ 10 hours + 
1WENDa

Yes No

Finland 1 Healthy Finland 2022–23 Actigraph 
GT9X Link

Yes GGIR R-package, 
Hildebrand / van 
Hees algorithms

3 days – 24 hrs Yes Yes

Finland 2 FINFIT STUDY UKK- RM42 Yes Own – UKK 
MAD-APE

≥ 4 days & ≥ 10 hours* 
(+24h)a

Yes Yes

Japan National Health and 
Nutrition Survey (NHNS)

Yamax 
(pedometer)

No N/A < 100 or ≥ 50 000 
steps on the day were 

excluded

No Yes

Norway	 Norwegian National 
Physical Activity Surveillance 

(NNPAS)

Actigraph 
GTX3X+BT

Yes P* – Kinesoft ≥ 2 days & ≥ 10 hours Yes Yes

Sweden Health on Equal Terms	 UKK –RM42 Yes Open source: 
MAD-APE

≥ 4 days & ≥ 10 hours + 
1WENDb

No No

United 
States of 
America

National Health & Nutrition 
Examination Survey 

(NHANES)

Actigraph 
GT3x

Yes Own – MIMS Various used – incL 
≥ 1 day

Yes No

Kingdom 
of the 
Netherlands

Accelerometer pilot ActivPAL 3/4 Pre-processed P* 
PALtechnologies

≥ 4 days / ≥ 20 hours & 
≥ 500 steps

No No

a Also required 24 hours for 24-hour compositional analysis; b lncluding one weekend day (WKEND), P*: Proprietary software
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Table A3.5. Output metrics and reporting 

1.1 
System / study name

3.1
Device

6.9
Step count

6.9
MVPA

6.9
Meet  

recommend.

6.9
Sedentary 

metric

6.9 
Other?

6.11 
Report both 
self-report & 

device
Canada Canadian Health Measures 

Survey (CHMS)
Actigraph 
wGT3x-BT

Yes Yes Yes Yes – ≤ 9 hours/
day

Yes – sleep 
(under devel)

Yes

Denmark 1 Danish National Health 
Survey (DNHS) 

SENSmotion Yes Yes Yes Yes – mins sit/
stand/lie

yes – bike, 
sleep

Yes

Denmark 2 Moving Denmark 2020 Axivity AX3 Yes Yes Yes Yes – mins sit/
stand/lie

Yes – run / 
walk / bike

Yes

Finland 1 Healthy Finland 2022–23 Actigraph 
GT9X Link

No Yes No Yes – mins Yes sleep 
and light PA

No

Finland 2 FINFIT STUDY UKK- RM42 Yes Yes Yes Yes – lying/ 
reclining/

sitting/standing

Yes – many Yes

Japan National Health and 
Nutrition Survey (NHNS)

Yamex 
(pedometer)

Yes No No No No Yes

Norway	 Norwegian National 
Physical Activity 

Surveillance (NNPAS)

Actigraph 
GTX3X+BT

Yes Yes Yes Y – mins/day No Yes

Sweden Health on Equal Terms	 UKK – RM42 Yes Yes No Y – mins/daya No Yes
United States 
of America

National Health & Nutrition 
Examination Survey 

(NHANES)

Actigraph 
GT3x

No No No No Ref curves Yes

Kingdom 
of the 
Netherlands

Accelerometer pilot ActivPAL 3/4 Yes Yes Yes Yes total, naps, 
sitting

Cycling 
mins, 

standing 
mins, sleep

Yes

a  Also reported % with 50% and 75% of waking time sedentary.
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