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Abstract

Background: The COVID-19 pandemic disrupted behavior within populations, affecting physical activity (PA), heart rate (HR)
and sleep characteristics in particular.

Objective: We analyzed the associations between the features of the COVID pandemic worldwide and PA, HR & sleep
parameters, using data collected from wearable sensors over a three-year period.

Methods: We performed a retrospective analysis of data obtained from the Withings Steel HR activity trackers of 208,818
individuals from 34 countries, from 2019 to 2022. Key metrics analyzed included daily step counts, average heart rate and sleep
duration. The statistical methods used included descriptive analyses, time-trend analysis and mixed models evaluating the impact
of restriction measures, controlling for potential confounders such as sex, age and seasonal variations.

Results: We detected a significant decrease in physical activity, with a 12.3% reduction of daily step count over the three years.
A 1.50% decrease in HR occurred during lockdowns, associated with the decrease in activity levels. In 2022, the global
population had not returned to pre-pandemic physical activity levels, with a noticeable persistence of inactivity. Particularly, the
proportion of sedentary individuals remained elevated compared to 2019, indicating that the impact of the pandemic on reducing
physical activity has had lasting effects on populations worldwide. Sleep duration increased during restrictions, particularly in
the countries with the most severe lockdowns.

Conclusions: The sustained decrease in physical activity and its physiological consequences highlight the need for public health
strategies to mitigate the long-term effects of the measures taken during the pandemic. Despite the gradual lifting of restrictions,
physical activity levels have not fully recovered, with lasting implications for global health. If similar circumstances arise in the
future, priority should be given to measures for effectively increasing physical activity to counter the increase in sedentary
behavior, mitigate health risks and prevent the rise of chronic diseases.
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Abstract

Introduction: The COVID-19 pandemic disrupted behavior within populations, affecting physical
activity (PA), heart rate (HR) and sleep characteristics in particular. We analyzed the associations
between the features of the COVID pandemic worldwide and PA, HR & sleep parameters, using data
collected from wearable sensors over a three-year period. 

Methods:  We performed  a  retrospective  analysis  of  data  obtained  from the  Withings  Steel  HR
activity trackers of 208,818 individuals from 34 countries, from 2019 to 2022. Key metrics analyzed
included  daily  step  counts,  average  heart  rate  and  sleep  duration.  The  statistical  methods  used
included  descriptive  analyses,  time-trend  analysis  and  mixed  models  evaluating  the  impact  of
restriction measures, controlling for potential confounders such as sex, age and seasonal variations. 

Results: We detected a significant decrease in physical activity, with a 12.3% reduction of daily step
count over the three years. A 1.50% decrease in HR occurred during lockdowns, associated with the
decrease in activity levels. In 2022, the global population had not returned to pre-pandemic physical
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activity levels, with a noticeable persistence of inactivity. Particularly, the proportion of sedentary
individuals  remained elevated compared to  2019,  indicating that  the impact  of the pandemic on
reducing physical activity has had lasting effects on populations worldwide. Sleep duration increased
during restrictions, particularly in the countries with the most severe lockdowns. 

Discussion: The sustained decrease in physical activity and its physiological consequences highlight
the need for public health strategies to mitigate the long-term effects of the measures taken during
the  pandemic.  Despite  the  gradual  lifting  of  restrictions,  physical  activity  levels  have  not  fully
recovered, with lasting implications for global health. If similar circumstances arise in the future,
priority  should  be  given  to  measures  for  effectively  increasing  physical  activity  to  counter  the
increase in sedentary behavior, mitigate health risks and prevent the rise of chronic diseases. 

Keywords: Covid-19, pandemic, physical activity, step, activity tracker, public health, Withings
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1 Introduction 
On March 11 2020, the Director General of the World Health Organization (WHO) declared a global
pandemic of COVID-19. By April 2023, more than 764 million cases had been confirmed and 6.9
million  deaths  had  been  reported  worldwide  (1).  Governments  implemented  various  non
pharmaceutical interventions, including social distancing, quarantines, lockdowns, closures of offices
and  schools  and  various  other  restrictions  that  significantly  altered  everyday  behavior.  These
interventions led to marked decreases in physical activity, by about 28%, and increased sedentary
behaviors, posing major challenges to mental health (2–8). 

A systematic review highlighted the beneficial effects of physical activity on physical and mental
health  during the first  year  of the COVID-19 pandemic  (9).  It  showed that  engaging in  regular
physical activity  helped to mitigate the negative impact  of pandemic-induced stress  (9) and that
inactive individuals had lower scores for well-being and higher levels of depression and anxiety than
moderately active and active individuals. A large-scale meta-analysis of data for 1,853,610 adults
revealed that rates of severe COVID were 34% lower, the risk of hospitalization was 36% lower and
COVID-related mortality was 43% lower in subjects regularly engaging in physical activity than in
their inactive peers (10). 

Even before this pandemic, the WHO and other health bodies had issued warnings about the global
decline in physical activity, particularly in high-income countries, and strong gender, territorial and
financial inequalities (11,12). Insufficient activity increased by 5% (from 31.6% to 36.8%) in high-
income countries  between  2001  and  2016,  indicating  a  pre-existing  downward  trend  (13). This
decline has been linked to increases in the risks of chronic diseases, such as cancers, cardiovascular
diseases and diabetes,  by approximately 20 to 30%  (14–16).  Conversely,  one study showed that
increasing the amount of moderate-intensity physical activity by 10, 20, or 30 minutes per day is
associated with decreases in annual mortality of 6.9%, 13.0%, and 16.9%, respectively  (17). The
pandemic  has  drawn  further  attention  to  this  public  health  issue,  as  physical  activity  levels
plummeted (18) and sports participation dropped by 20% in France alone during the first lockdown
of 2020 relative to the corresponding period in 2019  (19).  In addition to health consequences, a
systematic  review has  shown that  physical  inactivity  is  associated  with  higher  healthcare  costs,
further underscoring the economic burden of insufficient physical activity  (20,21).  In response, the
WHO has established a global action plan aiming to decrease rates of physical inactivity by 15% by
2030 through strategic objectives and specific actions (22). 

Advanced digital health technologies, including activity trackers, have emerged as possible tools for
monitoring and potentially enhancing physical activity and health metrics,  including step counts,
heart rate and sleep patterns (23). Such devices provide regular feedback, which may be instrumental
for improving physical activity levels and overall health (24–29). 

In this study, we investigated the changes in physical activity, sleep duration, and heart rate (HR)
among users of wearable Withings Steel HR activity trackers from 34 countries during successive
periods of the pandemic in which major public health policies were implemented. By measuring the
variations of risk factors and making use of extensive user-generated data, in a real-life context, this
study addressed the broader implications of the pandemic for lifestyle changes and health. 
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2. Methods 
2.1 Study design 

We performed a retrospective analysis of three datasets (Step, HR & Sleep datasets) collected from
Withings Steel HR activity trackers. We included data from individuals with at least 1000 measures
of the studied variables over the 3year-period, and compared countries with at least 100 individuals. 

2.2 Ethical considerations 

During registration for the Withings Health Mate app, all users give consent to the anonymous use of
their data for research purposes. They can withdraw this consent at any time and request the deletion
of all their data (30).

2.3 Reported outcomes for the study population 

All self-reported data were provided at the time of registration to use the application. We collected
available data from January 2019 onwards.

2.3.1 Sociodemographic and anthropometric data 

The sociodemographic data studied included sex, age, and country of residence. The anthropometric
data studied included height (cm),  weight (kg) and body mass index (BMI = weight divided by
height squared). Participants were classified on the basis of BMI as being underweight (<18.5 kg.m-

2),  normal  weight  (18.5–24.9),  overweight  (25–29.9),  or  obese  (≥30),  in  accordance  with  WHO
guidelines (31). 

2.4 Wearable data collection 

2.4.1 Number of steps and minutes of activity

The activity tracker collects step data round the clock over 24-hour periods, with a reset occurring at
midnight. The number of steps is aggregated for the entire preceding 24-hour period  at the daily
reset,  and the  median  number  of  daily  steps  is  then  calculated  for  each individual.  Based on a
compendium, the tracker's algorithm detects activity throughout the day and provides the durations
of  low-intensity,  moderate-intensity,  and  high-intensity  activities  (32).  Workouts  may  be  self-
reported by users.

2.4.2 Heart rate 

HR is measured in beats  per minute,  with one measurement every 10 minutes.  The dataset was
composed of aggregated data, with a mean value for each day and night. We considered the HR
averaged during sleep to be the resting HR.

2.4.3 Sleep 

The sleep data recorded include bedtime and wake-up time, time taken to fall asleep, total sleep
duration, duration of deep and light sleep, and the number of sleep interruptions.

2.5 Wearable data processing and missing values 

We analyzed data for individuals in five age classes (18-24, 25-39, 40-54, 55-64 and ≥65 years) and
four BMI categories: underweight, normal, overweight, obese  (31). Outliers were removed on the
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basis of Z-score at the intra-individual level.  A threshold of 4 was chosen, as values beyond this
range are typically considered extreme in statistical analysis, reducing the influence of outliers while
retaining most of the data. This choice was particularly appropriate given that step count data often
do not follow a normal distribution, necessitating a more flexible approach to outlier detection (33).
The number of steps ranged from 0 to 60,000 steps. A number of steps equal to 0 indicates that the
user connected their activity tracker to the application but did not wear the activity tracker. Each line
for which 0 steps were recorded were excluded from further analysis. Using the median number of
steps in 2019 (reference year), we classified individuals according to the Tudor-Locke categories:
Sedentary  (<5000 steps),  Low Active  (5000-7500 steps),  Somewhat  Active  (7500-10,000 steps),
Active (>10,000 steps) (29,30).

2.6 Statistical analysis

2.6.1 Physical activity levels (step dataset)

We first calculated the median daily step count for each individual across the entire follow-up period.
The median values were chosen to minimize the influence of extreme values. We then computed the
mean of these individual median step counts for each country and each year to assess overall trends.
Longitudinal  changes  in  physical  activity  were  analyzed using  mixed-effects  models,  where  the
median daily step count was the dependent variable. The model included fixed effects (β), which
represented factors influencing changes in step count, such as year, season, weekday, and biological
gender.  Random effects  (u)  accounted  for  individual  variability  and  temporal  factors,  capturing
within-subject correlations. The model equation was as follows:
Y i=( β+β i )+αX +ϵ
where Yi represents the median number of steps for individual i, α is the coefficient associated with
the  X variable,  β represents the intercept  and  βi represents the random effect of the intercept  of
individual i, and ϵ is the residual error term. Reference categories were set to Fall (season), Friday
(weekday), and Man (gender).

2.6.2 Heart rate

HR data were summarized using means and standard deviations for descriptive purposes, stratified
by gender and lockdown status. We applied mixed-effects models to assess differences in HR across
time  and  conditions,  with  Man and  No  restrictions used  as  reference  categories.  The  models
accounted for the hierarchical structure of the data by including individual-level random effects. 

2.6.2 Sleep

Total sleep duration was described using means and standard deviations across different conditions.
Mixed-effects models evaluated the impact of several variables, including gender (reference: Man),
physical activity category (reference: Active), year (reference: 2019), lockdown status (reference: No
restrictions), and cyclical patterns such as season (reference: Fall) and weekday (reference: Friday). 
An alpha risk of 0.05 was used in statistical tests. 

3. Results 
3.1 Characteristics of the participants 

We collected 138,542,717 data for 208,181 activity tracker users from 34 countries around the world

https://preprints.jmir.org/preprint/68199 [unpublished, non-peer-reviewed preprint]



JMIR Preprints Wyatt et al

(Figure 1).  For  the  steps  dataset, we analyzed  45,556,148 data  points for  40,808  users  from 34
countries. The study population was composed of 23,989 men (59%) and 16,819 women (41%) with
a mean age of 47 years ± 12.6 years. 

Figure 1: Flow chart of the three study populations

Various filters  were applied to ensure that  sufficient  data,  monitoring days and individuals were
available in the country’s database. After filtering, we performed a similar analysis on 22,386 users
for the sleep dataset, and 617 users from the HR dataset (Figure 1).

3.2 Changes in the level of physical activity (steps dataset) 

The median number of steps per day in 2019, before the pandemic, was 6,004 ± 4,270 steps per day.
Changes in the median daily number of steps taken by individuals per country from 2019 to 2022 are
shown in figures 2 and 3. Withings Steel HR activity tracker users were mostly located in Europe
(primarily  in  France,  Germany,  and  the  United  Kingdom),  the  United  States  and  Japan
(supplementary file Table 1).

Between 2019 and 2020, there was a significant decrease of 4 to 23% in the median number of steps
taken daily (figure 3, supplementary file Table 2). Between 2019 and 2020, Romania (-23%) and
Portugal  (-20%)  displayed  the  largest  decreases  in  the  median  number  of  steps  taken  daily
(supplementary file, figure 3 and table 2). Finally, a comparison of the first quarter of 2019 with the
first  quarter of 2022 revealed a significant  decrease in  the number of steps worldwide (-12.3%)
particularly for Japan (-22.9%) and Romania (-19.4%), indicating that two years after the start of the
pandemic, activity levels had not returned to their initial levels, particularly in these countries.
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Figure 2:  Changes in the median number of steps taken by individuals, by country, between 2019
and the first quarter of 2022.

Figure 3:  Changes in the median number of steps taken by individuals, per year and per country,
based on the number of users in the country (A) More than 1000 users; (B) From 500 to 999 users;
(C) From 250 to 500 users; (D) From 100 to 250 users.
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The decline in the number of steps resulted in an increase in the proportion of sedentary individuals
from 38% in 2019 to 52% in 2020; the proportion of sedentary individuals remained at 51% until the
first quarter of 2022, with corresponding decreases in the proportions of the “low” and “somewhat”
active categories (from 54% to 41%). The proportion of active individuals returned to its 2019 level
(8%) at the beginning of 2022 (Figure 4). 

Figure 4:  Distribution of individuals within steps categories during 2019, 2020, 2021 and the first
quarter of 2022

We also observed: i) an expected seasonality, with users walking more during the summer (relative to
Fall as the reference category: αWinter = -82.3 ± 1.5, αSpring = 191.1 ± 1.6, αSummer = 264.2 ± 1.6); ii)
Sunday was the day on which people around the world walked the least during the week (relative to
Friday: αSaturday = 274.8 ± 2.0, αSunday = -275.4 ± 2.0, αMonday = -211.1 ± 2.0, αTuesday = -131.7 ± 2.0,
αWednesday = -128.1 ± 2.0, αThursday = -100.5 ± 2.0); iii) men took more steps daily than women (relative
to men, αwomen = -108.3 ± 25.6).

3.3 Heart rate 

 HR results for France (153 users: 95 men and 58 women) are shown in Figure 5. Mean nighttime
HR was 62.8 ± 8.2 bpm in France. HR was higher in French women than in French men (65.6 ± 7.8
bpm vs. 61.1 ± 7.9 bpm, respectively) throughout the follow-up period. 
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Figure 5: Daily mean nighttime heart rate in France, by sex

Lockdowns were associated with a decrease in HR (Figure 6). Mean nighttime HR was usually 62.8
± 8.2 bpm in France and 62.5 ± 8.0 throughout lockdown periods. Mixed model analysis showed that
lockdown situations had a significant impact on resting HR (relative to No restrictions, αLockdown = -
0.3 ± 0.1). Several cyclic patterns were also observed, with seasonal variations (HR higher in winter
than in summer) and peaks related to Christmas or New Year celebrations (Figure 5 and 6). 
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Figure  6:  Changes  in  mean  nighttime  heart  rate  in  France  over  the  period  studied,  with  the
lockdown periods indicated (blue: March 2020, green: November 2020, orange: April 2021)

3.4 Sleep 

The average total sleep duration for all countries was 7.5 ± 1.4 hours. Men slept 19.5 ± 0.6 minutes
shorter than women. Active users also slept less than sedentary users (relative to active users: αsomewhat

active = 4.1 ± 1.2, αlow active = 9.3 ± 1.1, αsedentary = 13.0 ± 1.1). In 2019, mean sleep duration was 15
minutes shorter than in the other years (relative to 2019: α2020 = 15.7 ± 0.0, α2021 = 15.1 ± 0.0, α2022 =
17.0  ±  0.1).  An  increase  in  sleep  duration  of  4.8  ±  0.1  minutes  was  observed  in  countries
implementing strict lockdowns (e.g. France, Italy, Spain). 
Several cyclic patterns were observed in the variation of sleep duration. At the scale of a week, sleep
duration was 30 minutes longer during weekends (relative to Friday: αSaturday = 25.9 ± 0.1, αSunday =
32.6 ± 0.1, αMonday = 0.8 ± 0.1, αTuesday = -0.8 ± 0.1, αWednesday = -0.4 ± 0.1, αThursday = -0.4 ± 0.1). At the
scale of a year, sleep duration was longer in winter than in the fall, and significantly shorter in spring
and summer (relative to Fall: αWinter = 3.7 ± 0.0, αSpring = -3.1 ± 0.0, αSummer = -6.5 ± 0.0).

4. Discussion 
4.1 Principal findings 

Our study highlights a persistent decline in physical activity levels worldwide, with a significant
12.3% decrease in average step count from the first quarter of 2019 to the first quarter of 2022, even
among active users. This decline persisted regardless of the stringency of the measures taken by the
government or the severity of the pandemic in the country concerned. The pandemic, thus, had an
impact on lifestyle behaviors that persisted two years later. In addition, the proportion of individuals
with very low levels of physical activity increased considerably, from 38% in 2019 to 51% in 2020. 

4.2 Physical activity changes
4.2.1 Physical activity decline

Our results  indicate  a  less  significant  decrease  in  physical  activity  levels  than  reported  in  other
studies conducted in different countries (3). A British cohort study demonstrated a 30% decrease in
physical activity levels, whereas another study comparing Swiss and Brazilian participants found a
23.7% overall decrease in physical activity levels, with 31.6% of Brazilians and 15.8% of Swiss
individuals  displaying  lower  levels  of  physical  activity  (34).  Furthermore,  the  impact  of  the
pandemic on physical  activity  depended on pre-pandemic activity  levels.  In our  study,  the most
affected groups in 2020 were those who were moderately or highly active before the restrictions were
imposed. This finding is consistent with the results of a survey conducted across 14 countries that
showed a 41% decrease in moderate-intensity activities and a 42% decrease in vigorous activities
(5). However, the decline was particularly pronounced among those who were already less active, as
they struggled to regain their pre-pandemic activity levels, making this group the most vulnerable
and at higher risk of chronic deseases. 
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4.2.2 Age and sex inequalities

Previous studies have indicated a greater effect on physical activity decline on young adults than on
older individuals (35–37), whereas two other studies reported the opposite finding (38,39). However,
many studies showed that the individuals most affected by the pandemic were those with pre-existing
health  conditions,  and  those  from lower  socioeconomic  groups  (5,34).  These  groups  often  face
greater challenges in maintaining their levels of physical activity due to greater health risks, limited
access to exercise facilities,  and other social  determinants exacerbated during the pandemic.  We
found that physical activity levels were higher in men, but physical activity declined and sedentary
behaviors increased in both sexes, with a stronger impact in women, as previously reported (16). 

4.2.3 Seasonality

We found that both day of the week and season influenced physical activity levels:  people were least
active on Sundays and in winter (40,41). These results are consistent with other studies showing that
physical activity levels typically decrease during winter due to colder weather, reduced daylight, and
increased indoor activities, while higher levels are seen in summer  (42,43). The alignment of our
findings with established patterns in physical activity seasonality supports the representativeness and
robustness  of  our  data,  as  similar  trends  have  been  observed  across  various  countries  and
populations. This seasonal variation in physical activity should be considered when interpreting the
results and planning public health interventions aimed at increasing activity levels year-round.

4.3 Change in heart rate
Our results are consistent with previous findings showing that women generally have a higher resting
HR than men (mean difference of 3 to 5 beats per minute), primarily due to physiological differences
in heart size, hormonal influences, and autonomic regulation (44). Regular physical activity tends to
lower  resting HR by improving parasympathetic  tone  (45–47).  The COVID-19 pandemic led  to
significant lifestyle changes, including a decrease in physical activity and an increase in stress, which
can also affect resting heart rate and its variability. During infections, including COVID-19, HR
tends to increase due to the  immune and inflammatory responses generated by the body to fight
infection, including an increase in metabolic rate and sympathetic nervous system activation  (48).
HR data from activity trackers are a potentially relevant metric for monitoring, identifying at-risk
individuals, and assessing behavioral changes. For example, our data indicate a similar one-night
increase in HR across the 34 countries studied on December 31, probably due to late-night partying
and the consumption of alcohol (49,50).

4.4 Changes to sleep patterns
Several studies analyzing the impact of sleep on health have shown that too little sleep is associated
with various negative health outcomes, including an increase in the risk of chronic diseases, such as
obesity,  diabetes,  cardiovascular  disease,  and mental  health  disorders  (51–53).  Some researchers
have further analyzed “sleep health” by quantifying sleep efficiency, sleep disturbances, and the time
spent in the various phases of sleep  (54,55). We have investigated the impact of the pandemic on
sleep  patterns  (56,57).  Some  studies  have  reported  no  significant  change  (58),  whereas  others,
including our own, have documented an increase in sleep duration (58–60). 
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Sleep  duration  tends  to  be  longer  during  weekends  and  varies  seasonally,  being  shorter  in  the
summer and longer in the winter, due to variations in daylight exposure and social activities  (61).
The pandemic has led to an increase in sleep duration in many populations, probably due to more
flexible work schedules resulting in decreases in commuting times, but deteriorations of sleep quality
and altered sleep-wake cycles have also been reported. The differences in sleep patterns between the
sexes  in  this  study  were  consistent  with  published  results,  with  differences  in  sleep  timing
preferences between the sexes, highlighting the importance of taking these differences into account
in  sleep  analysis  (62).  An  understanding  of  these  patterns  is  crucial  for  the  development  of
interventions to improve sleep health, particularly during disruptive events such as a pandemic. 

4.5 Public health implications 

One study assessed the impact of pandemic-related measures on the decrease in step count and its
correlation with the emergence of chronic diseases and increases in overall mortality  (17,63). This
study, based on data collected from smart watches in 60 countries between January 2020 and January
2022, showed that a greater severity of restrictions was associated with lower step counts and a
nonlinear  increase  in  the  modeled  risk  of  all-cause  mortality,  by  up  to  40%  (63).  This  finding
highlights the significant health risk associated with decreases in physical activity during extended
periods of lockdown, such as those experienced in Spain or France (3). 
The ongoing global decline in physical activity is a major public health issue, as low levels have
been linked to increases in the risk of chronic diseases, such as cancer, heart disease, and diabetes
(14,17,64).  Not  only  did  the  pandemic  exacerbate  physical  inactivity  in  the  population,  it  also
contributed to a 2 kg increase in weight gain (65). 
Long-standing habits of physical inactivity are notoriously difficult to change, as they are deeply
ingrained in daily routines and influenced by multiple environmental and social factors. Research
suggests  that  it  can  take  years  of  sustained  effort  to  increase  physical  activity  levels  across
populations, and setbacks, such as pandemic-related lockdowns, can rapidly reverse these gains (66).
These findings suggest that it  may be time to develop efficient strategies for enhancing physical
activity at multiple levels: individual, community, regional, national and continental. Such strategies
are crucial, to mitigate the adverse health impacts of increasing sedentarity.

4.6 Study strengths and limitations

The use of digital health technologies, such as activity trackers, has emerged as a key strategy for
monitoring  and  potentially  improving  health  metrics.  These  tools  provide  users  with  real-time
feedback,  which can be instrumental  in  promoting physical  activity  (23–29).  The data  collected
through such devices  in  our  study provide valuable  insight  into  the  impact  of  the  pandemic on
physical activity, HR and sleep patterns, providing a model for the use of digital tools in public
health surveillance and interventions. The integration of these findings into user-friendly platforms
providing users with actionable insight could also increase the efficacy of these tools for promoting
health and well-being.
This study highlights trends in physical activity among activity tracker users during the COVID-19
pandemic. One of its strengths is the extensive collection of real-life data from multiple countries
worldwide, over a three-year period. The time period analyzed provides a full baseline year (2019)
before the start of the pandemic. The detailed data granularity, large sample size, and inclusion of
sociodemographic and anthropometric information make it possible to characterize the population
accurately.

This  study faces several limitations.  First,  it  is  important to acknowledge that the population of

https://preprints.jmir.org/preprint/68199 [unpublished, non-peer-reviewed preprint]



JMIR Preprints Wyatt et al

Withings Steel HR activity tracker users may not be representative of the general population and its
levels  of  physical  activity,  particularly  in  countries  with  low  numbers  of  users.  For  example,
wearable technology users may be more conscious of health issues, which could potentially bias the
results. Second, we did not account for differences in the severity of the pandemic across different
regions.  Third,  the influence of seasonality on the distribution of physical activity over the year
makes it difficult to compare different countries.  Additionally, the analysis for 2022 only includes
data from the first quarter, which may introduce bias due to seasonal variations, as physical activity
levels are generally lower in winter compared to other seasons.  Fourth, the assessment of physical
activity solely on the basis of step counts can introduce biases, especially in cases of a change in
mode of transportation, such as an increase in cycling. Finally, this study did not examine specific
types of physical activity, which may have a greater impact on health outcomes than step counts
alone.  We  now  need  to  develop  user-friendly,  broadly  applicable  algorithms  that  can  capture
information about physical activity levels and the duration of sedentary behaviors, making it easier to
compare levels across different activities, such as cycling or walking.

4.6 Conclusions

The  COVID-19  pandemic  has  significantly  decreased  global  physical  activity  levels,  especially

among people who were inactive or sedentary before the pandemic. Our study of data for more than

200,000 activity tracker users in 34 countries, shows a significant decrease in physical activity, with

a 12.3% reduction of daily step count over 2019 up to 2022. A 1.50% decrease in HR occurred

during lockdowns, associated with the reduction in activity levels. Sleep duration increased during

restrictions, especially in the countries with the most severe lockdowns. These findings highlight the

urgent need for public health strategies to promote active lifestyles, to counteract sedentary behaviors

and mitigate long-term health risks. Our findings highlight the importance of promoting physical

activity as a key component of global health resilience during and after disruptive events, such as

pandemics.

https://preprints.jmir.org/preprint/68199 [unpublished, non-peer-reviewed preprint]



JMIR Preprints Wyatt et al

6       Conflict of Interest

The authors declare that the research
was conducted in the absence of any
commercial or financial relationships
that could be construed as a potential

conflict of interest. 

7       Author Contributions

LD, NF, JFT, FR, VV, PV and AHP conceived and designed the study; LD and NF acquired the data;
BW, AD and NB analyzed the data; BW, NF and LD wrote the original draft; all the authors revised
the manuscript.

8       Funding

This project received no specific funding.

9       Acknowledgments

The authors would like to thank Withings Health Mate for providing access to their database.

References 
1. World Health Organization. COVID-19 Weekly Epidemiological Update. (2023)
2. Musa S, Dergaa I, Bachiller V, Saad HB. Global Implications of COVID-19 Pandemic on 

Adults’ Lifestyle Behavior: The Invisible Pandemic of Noncommunicable Disease. Int J Prev 
Med (2023) 14:15. doi: 10.4103/ijpvm.ijpvm_157_21

3. Stockwell S, Trott M, Tully M, Shin J, Barnett Y, Butler L, McDermott D, Schuch F, Smith L. 
Changes in physical activity and sedentary behaviours from before to during the COVID-19 
pandemic lockdown: a systematic review. BMJ Open Sport Exerc Med (2021) 7:e000960. doi: 
10.1136/bmjsem-2020-000960

4. Wunsch K, Kienberger K, Niessner C. Changes in Physical Activity Patterns Due to the Covid-
19 Pandemic: A Systematic Review and Meta-Analysis. Int J Environ Res Public Health (2022)
19:2250. doi: 10.3390/ijerph19042250

5. Wilke J, Rahlf AL, Füzéki E, Groneberg DA, Hespanhol L, Mai P, De Oliveira GM, Robbin J, 
Tan B, Willwacher S, et al. Physical Activity During Lockdowns Associated with the COVID-
19 Pandemic: A Systematic Review and Multilevel Meta-analysis of 173 Studies with 320,636 
Participants. Sports Med - Open (2022) 8:125. doi: 10.1186/s40798-022-00515-x

https://preprints.jmir.org/preprint/68199 [unpublished, non-peer-reviewed preprint]



JMIR Preprints Wyatt et al

6. Genin PM, Lambert C, Larras B, Pereira B, Toussaint JF, Baker JS. How did the COVID-19 
Confinement period affect our physical activity level and sedentary behaviors? Methodology 
and first results from the French national ONAPS survey. J Phys Act Health (2021) 18:296–
303. doi: 10.1123/jpah.2020-0449

7. Martinez-Ferran M, De La Guía-Galipienso F, Sanchis-Gomar F, Pareja-Galeano H. Metabolic 
Impacts of Confinement during the COVID-19 Pandemic Due to Modified Diet and Physical 
Activity Habits. Nutrients (2020) 12:1549. doi: 10.3390/nu12061549

8. Ammar A, Brach M, Trabelsi K, Chtourou H, Boukhris O, Masmoudi L, Bouaziz B, Bentlage 
E, How D, Ahmed M, et al. Effects of COVID-19 Home Confinement on Eating Behaviour and
Physical Activity: Results of the ECLB-COVID19 International Online Survey. Nutrients 
(2020) 12:1583. doi: 10.3390/nu12061583

9. Marconcin P, Werneck AO, Peralta M, Ihle A, Gouveia ÉR, Ferrari G, Sarmento H, Marques A. 
The association between physical activity and mental health during the first year of the COVID-
19 pandemic: a systematic review. BMC Public Health (2022) 22:209. doi: 10.1186/s12889-
022-12590-6

9b. Ezzatvar Y, Ramírez-Vélez R, Izquierdo M, et al. Physical activity and risk of infection, 
severity and mortality of COVID-19: a systematic review and non-linear dose–response meta-
analysis of data from 1 853 610 adults. Br J Sports Med. 2022; 56: 1188–1193. doi:10.1136/ 
bjsports-2022-105733

10. Katzmarzyk PT, Friedenreich C, Shiroma EJ, Lee I-M. Physical inactivity and non-
communicable disease burden in low-income, middle-income and high-income countries. Br J 
Sports Med (2022) 56:101–106. doi: 10.1136/bjsports-2020-103640

11. Althoff T, Sosič R, Hicks JL, King AC, Delp SL, Leskovec J. Large-scale physical activity data 
reveal worldwide activity inequality. Nature (2017) 547:336–339. doi: 10.1038/nature23018

12. Boiche J, Fervers B, Freyssenet D, Gremy I, Guiraud T, Moro C, Nguyen C, Ninot G, Perrin C, 
Poiraudeau S, et al. Activité physique: Prévention et traitement des maladies chroniques.

13. Lee I-M, Shiroma EJ, Lobelo F, Puska P, Blair SN, Katzmarzyk PT. Effect of physical inactivity
on major non-communicable diseases worldwide: an analysis of burden of disease and life 
expectancy. The Lancet (2012) 380:219–229. doi: 10.1016/S0140-6736(12)61031-9

14. Guthold R, Stevens GA, Riley LM, Bull FC. Worldwide trends in insufficient physical activity 
from 2001 to 2016: a pooled analysis of 358 population-based surveys with 1·9 million 
participants. Lancet Glob Health (2018) 6:e1077–e1086. doi: 10.1016/S2214-109X(18)30357-7

15. Saint-Maurice PF, Graubard BI, Troiano RP, Berrigan D, Galuska DA, Fulton JE, Matthews 
CE. Estimated Number of Deaths Prevented Through Increased Physical Activity Among US 
Adults. JAMA Intern Med (2022) 182:349–352. doi: 10.1001/jamainternmed.2021.7755

16. Grix J, Brannagan PM, Grimes H, Neville R. The impact of Covid-19 on sport. Int J Sport 
Policy Polit (2021) 13:1–12. doi: 10.1080/19406940.2020.1851285

17. Institut National de la Jeunesse et de l’Education Populaire. Recensement des licences et clubs 
sportifs 2021. https://injep.fr/donnee/recensement-des-licences-et-clubs-sportifs-2021/#tab01

18. World Health Organization. Global action plan on physical activity 2018–2030: more active 
people for a healthier world. Geneva: World Health Organization. (2018). 101 p. 
https://apps.who.int/iris/handle/10665/272722 [Accessed May 9, 2023]

19. Ferguson T, Olds T, Curtis R, Blake H, Crozier AJ, Dankiw K, Dumuid D, Kasai D, O’Connor 
E, Virgara R, et al. Effectiveness of wearable activity trackers to increase physical activity and 
improve health: a systematic review of systematic reviews and meta-analyses. Lancet Digit 
Health (2022) 4:e615–e626. doi: 10.1016/S2589-7500(22)00111-X

20. McKay FH, Wright A, Shill J, Stephens H, Uccellini M. Using Health and Well-Being Apps for 
Behavior Change: A Systematic Search and Rating of Apps. JMIR MHealth UHealth (2019) 
7:e11926. doi: 10.2196/11926

21. Laranjo L, Ding D, Heleno B, Kocaballi B, Quiroz JC, Tong HL, Chahwan B, Neves AL, 

https://preprints.jmir.org/preprint/68199 [unpublished, non-peer-reviewed preprint]



JMIR Preprints Wyatt et al

Gabarron E, Dao KP, et al. Do smartphone applications and activity trackers increase physical 
activity in adults? Systematic review, meta-analysis and metaregression. Br J Sports Med 
(2021) 55:422–432. doi: 10.1136/bjsports-2020-102892

22. Romeo A, Edney S, Plotnikoff R, Curtis R, Ryan J, Sanders I, Crozier A, Maher C. Can 
Smartphone Apps Increase Physical Activity? Systematic Review and Meta-Analysis. J Med 
Internet Res (2019) 21:e12053. doi: 10.2196/12053

23. Tang MSS, Moore K, McGavigan A, Clark RA, Ganesan AN. Effectiveness of Wearable 
Trackers on Physical Activity in Healthy Adults: Systematic Review and Meta-Analysis of 
Randomized Controlled Trials. JMIR MHealth UHealth (2020) 8:e15576. doi: 10.2196/15576

24. Brickwood K-J, Watson G, O’Brien J, Williams AD. Consumer-Based Wearable Activity 
Trackers Increase Physical Activity Participation: Systematic Review and Meta-Analysis. JMIR
MHealth UHealth (2019) 7:e11819. doi: 10.2196/11819

25. Choi YK, Demiris G, Lin S-Y, Iribarren SJ, Landis CA, Thompson HJ, McCurry SM, 
Heitkemper MM, Ward TM. Smartphone Applications to Support Sleep Self-Management: 
Review and Evaluation. J Clin Sleep Med (2018) 14:1783–1790. doi: 10.5664/jcsm.7396

26. Pépin JL, Bruno RM, Yang R-Y, Vercamer V, Jouhaud P, Escourrou P, Boutouyrie P. Wearable 
Activity Trackers for Monitoring Adherence to Home Confinement During the COVID-19 
Pandemic Worldwide: Data Aggregation and Analysis. J Med Internet Res (2020) 22:e19787. 
doi: 10.2196/19787

27. Ainsworth BE, Haskell WL, Herrmann SD, Meckes N, Bassett DR, Tudor-Locke C, Greer JL, 
Vezina J, Whitt-Glover MC, Leon AS. 2011 Compendium of Physical Activities: a second 
update of codes and MET values. Med Sci Sports Exerc (2011) 43:1575–1581. doi: 
10.1249/MSS.0b013e31821ece12

28. WHO Expert Committee on Physical Status: the Use and Interpretation of Anthropometry ed. 
Physical status: the use and interpretation of anthropometry: report of a WHO Expert 
Committee. Geneva: World Health Organization. (1995). 452 p.

29. Tudor-Locke C, Craig CL, Aoyagi Y, Bell RC, Croteau KA, De Bourdeaudhuij I, Ewald B, 
Gardner AW, Hatano Y, Lutes LD, et al. How many steps/day are enough? For older adults and 
special populations. Int J Behav Nutr Phys Act (2011) 8:80. doi: 10.1186/1479-5868-8-80

30. Tudor-Locke C, Bassett DR. How many steps/day are enough? Preliminary pedometer indices 
for public health. Sports Med Auckl NZ (2004) 34:1–8.

31. Strain T, Brage S, Sharp SJ, Richards J, Tainio M, Ding D, Benichou J, Kelly P. Use of the 
prevented fraction for the population to determine deaths averted by existing prevalence of 
physical activity: a descriptive study. Lancet Glob Health (2020) 8:e920–e930. doi: 
10.1016/S2214-109X(20)30211-4

32. Herbolsheimer F, Peters A, Wagner S, Willich SN, Krist L, Pischon T, Nimptsch K, Gastell S, 
Brandes M, Brandes B, et al. Changes in physical activity and sedentary behavior during the 
first COVID-19 pandemic- restrictions in Germany: a nationwide survey : Running head: 
physical activity during the COVID-19 restrictions. BMC Public Health (2024) 24:433. doi: 
10.1186/s12889-024-17675-y

33. Lesser IA, Nienhuis CP. The Impact of COVID-19 on Physical Activity Behavior and Well-
Being of Canadians. Int J Environ Res Public Health (2020) 17:3899. doi: 
10.3390/ijerph17113899

34. Bu F, Bone JK, Mitchell JJ, Steptoe A, Fancourt D. Longitudinal changes in physical activity 
during and after the first national lockdown due to the COVID-19 pandemic in England. Sci 
Rep (2021) 11:17723. doi: 10.1038/s41598-021-97065-1

35. Charreire H, Verdot C, Szabo De Edelenyi F, Deschasaux-Tanguy M, Srour B, Druesne-Pecollo 
N, Esseddik Y, Allès B, Baudry J, Deschamps V, et al. Correlates of Changes in Physical 
Activity and Sedentary Behaviors during the COVID-19 Lockdown in France: The NutriNet-
Santé Cohort Study. Int J Environ Res Public Health (2022) 19:12370. doi: 

https://preprints.jmir.org/preprint/68199 [unpublished, non-peer-reviewed preprint]



JMIR Preprints Wyatt et al

10.3390/ijerph191912370
36. Dobbie LJ, Hydes TJ, Alam U, Tahrani A, Cuthbertson DJ. The Impact of the COVID-19 

Pandemic on Mobility Trends and the Associated Rise in Population-Level Physical Inactivity: 
Insights From International Mobile Phone and National Survey Data. Front Sports Act Living 
(2022) 4:773742. doi: 10.3389/fspor.2022.773742

37. Matthews CE, Ainsworth BE, Thompson RW, Bassett DR. Sources of variance in daily physical
activity levels as measured by an accelerometer. Med Sci Sports Exerc (2002) 34:1376–1381. 
doi: 10.1097/00005768-200208000-00021

38. Tucker P, Gilliland J. The effect of season and weather on physical activity: a systematic 
review. Public Health (2007) 121:909–922. doi: 10.1016/j.puhe.2007.04.009

39. Wallmann-Sperlich B, Bucksch J, Lendt C, Biallas B, Bipp T, Froboese I. Home office shift and
sedentary behaviour in Germany during the COVID-19 pandemic: descriptives and related 
socioecological correlates. Ergonomics (2024) 67:1–12. doi: 10.1080/00140139.2023.2202841

40. Wilms P, Schröder J, Reer R, Scheit L. The Impact of “Home Office” Work on Physical 
Activity and Sedentary Behavior during the COVID-19 Pandemic: A Systematic Review. Int J 
Environ Res Public Health (2022) 19:12344. doi: 10.3390/ijerph191912344

41. Umetani K, Singer DH, McCraty R, Atkinson M. Twenty-Four Hour Time Domain Heart Rate 
Variability and Heart Rate: Relations to Age and Gender Over Nine Decades. J Am Coll 
Cardiol (1998) 31:593–601. doi: 10.1016/S0735-1097(97)00554-8

42. Aubert AE, Seps B, Beckers F. Heart rate variability in athletes. Sports Med Auckl NZ (2003) 
33:889–919. doi: 10.2165/00007256-200333120-00003

43. Buchheit M, Gindre C. Cardiac parasympathetic regulation: respective associations with 
cardiorespiratory fitness and training load. Am J Physiol Heart Circ Physiol (2006) 291:H451-
458. doi: 10.1152/ajpheart.00008.2006

44. Reimers AK, Knapp G, Reimers C-D. Effects of Exercise on the Resting Heart Rate: A 
Systematic Review and Meta-Analysis of Interventional Studies. J Clin Med (2018) 7:503. doi: 
10.3390/jcm7120503

45. Hasty F, García G, Dávila H, Wittels SH, Hendricks S, Chong S. Heart Rate Variability as a 
Possible Predictive Marker for Acute Inflammatory Response in COVID-19 Patients. Mil Med 
(2021) 186:e34–e38. doi: 10.1093/milmed/usaa405

46. Sanches CA, Silva GA, Librantz AFH, Sampaio LMM, Belan PA. Wearable Devices to 
Diagnose and Monitor the Progression of COVID-19 Through Heart Rate Variability 
Measurement: Systematic Review and Meta-Analysis. J Med Internet Res (2023) 25:e47112. 
doi: 10.2196/47112

47. Ralevski E, Petrakis I, Altemus M. Heart rate variability in alcohol use: A review. Pharmacol 
Biochem Behav (2019) 176:83–92. doi: 10.1016/j.pbb.2018.12.003

48. Tasnim S, Tang C, Musini VM, Wright JM. Effect of alcohol on blood pressure. Cochrane 
Database Syst Rev (2020) 7:CD012787. doi: 10.1002/14651858.CD012787.pub2

49. Baglioni C, Nanovska S, Regen W, Spiegelhalder K, Feige B, Nissen C, Reynolds CF, Riemann
D. Sleep and mental disorders: A meta-analysis of polysomnographic research. Psychol Bull 
(2016) 142:969–990. doi: 10.1037/bul0000053

50. Blackwelder A, Hoskins M, Huber L. Effect of Inadequate Sleep on Frequent Mental Distress. 
Prev Chronic Dis (2021) 18:E61. doi: 10.5888/pcd18.200573

51. Chattu VK, Sakhamuri SM, Kumar R, Spence DW, BaHammam AS, Pandi-Perumal SR. 
Insufficient Sleep Syndrome: Is it time to classify it as a major noncommunicable disease? 
Sleep Sci Sao Paulo Braz (2018) 11:56–64. doi: 10.5935/1984-0063.20180013

52. Kohyama J. Which Is More Important for Health: Sleep Quantity or Sleep Quality? Child Basel
Switz (2021) 8:542. doi: 10.3390/children8070542

53. Watson NF, Badr MS, Belenky G, Bliwise DL, Buxton OM, Buysse D, Dinges DF, Gangwisch 
J, Grandner MA, Kushida C, et al. Recommended Amount of Sleep for a Healthy Adult: A Joint

https://preprints.jmir.org/preprint/68199 [unpublished, non-peer-reviewed preprint]



JMIR Preprints Wyatt et al

Consensus Statement of the American Academy of Sleep Medicine and Sleep Research Society.
SLEEP (2015) doi: 10.5665/sleep.4716

54. Neculicioiu VS, Colosi IA, Costache C, Sevastre-Berghian A, Clichici S. Time to Sleep?—A 
Review of the Impact of the COVID-19 Pandemic on Sleep and Mental Health. Int J Environ 
Res Public Health (2022) 19:3497. doi: 10.3390/ijerph19063497

55. Jahrami H, BaHammam AS, Bragazzi NL, Saif Z, Faris M, Vitiello MV. Sleep problems during 
the COVID-19 pandemic by population: a systematic review and meta-analysis. J Clin Sleep 
Med JCSM Off Publ Am Acad Sleep Med (2021) 17:299–313. doi: 10.5664/jcsm.8930

56. Hisler GC, Twenge JM. Sleep characteristics of U.S. adults before and during the COVID-19 
pandemic. Soc Sci Med 1982 (2021) 276:113849. doi: 10.1016/j.socscimed.2021.113849

57. Trabelsi K, Ammar A, Masmoudi L, Boukhris O, Chtourou H, Bouaziz B, Brach M, Bentlage 
E, How D, Ahmed M, et al. Globally altered sleep patterns and physical activity levels by 
confinement in 5056 individuals: ECLB COVID-19 international online survey. Biol Sport 
(2021) 38:495–506. doi: 10.5114/biolsport.2021.101605

58. Trakada A, Nikolaidis PT, Andrade MDS, Puccinelli PJ, Economou N-T, Steiropoulos P, 
Knechtle B, Trakada G. Sleep During “Lockdown” in the COVID-19 Pandemic. Int J Environ 
Res Public Health (2020) 17:9094. doi: 10.3390/ijerph17239094

59. Yetish G, Kaplan H, Gurven M, Wood B, Pontzer H, Manger PR, Wilson C, McGregor R, 
Siegel JM. Natural sleep and its seasonal variations in three pre-industrial societies. Curr Biol 
CB (2015) 25:2862–2868. doi: 10.1016/j.cub.2015.09.046

60. Lok R, Qian J, Chellappa SL. Sex differences in sleep, circadian rhythms, and metabolism: 
Implications for precision medicine. Sleep Med Rev (2024) 75:101926. doi: 
10.1016/j.smrv.2024.101926

61. Luciano F, Crova F, Canella F. COVID-19 Containment Measures—a Step Back for Walking 
Mobility? A 2-Year, 60-Country Analysis of the Apple Mobility Data. J Phys Act Health (2023) 
20:394–401. doi: 10.1123/jpah.2022-0189

62. Inserm. Activité physique : Prévention et traitement des maladies chroniques. Inserm - Sci Pour
Santé https://www.inserm.fr/information-en-sante/expertises-collectives/activite-physique-
prevention-et-traitement-maladies-chroniques [Accessed June 16, 2021]

63. World Health Organization. Physical activity. https://www.who.int/health-topics/physical-
activity#tab=tab_2

64. Saint-Maurice PF, Graubard BI, Troiano RP, Berrigan D, Galuska DA, Fulton JE, Matthews 
CE. Estimated Number of Deaths Prevented Through Increased Physical Activity Among US 
Adults. JAMA Intern Med (2022) 182:349. doi: 10.1001/jamainternmed.2021.7755

65. Valabhji J, Barron E, Bradley D, Bakhai C, Khunti K, Jebb S. Effect of the COVID-19 
pandemic on body weight in people at high risk of type 2 diabetes referred to the English NHS 
Diabetes Prevention Programme. Lancet Diabetes Endocrinol (2021) 9:649–651. doi: 10.1016/
S2213-8587(21)00218-7

66. Garcia L, Pearce M, Abbas A, Mok A, Strain T, Ali S, Crippa A, Dempsey PC, Golubic R, Kelly
P, et al. Non-occupational physical activity and risk of cardiovascular disease, cancer and 
mortality outcomes: a dose–response meta-analysis of large prospective studies. Br J Sports 
Med (2023) doi: 10.1136/bjsports-2022-105669

https://preprints.jmir.org/preprint/68199 [unpublished, non-peer-reviewed preprint]



JMIR Preprints Wyatt et al

Table 1. Characteristics of the study population in 2019,
by country

Baseline
characteristics
(in 2019)

Australia

(n=461)

Austria

(n=554)

Belgium

(n=847)

Canada

(n=947)

China

(n=167)

Czech
Republic
(n=196)

Denmark

(n=413)

Estonia

(n=151)

Finland

(n=1,196)

France

(n=9,800)

Germany

(n=7,565)

Sex (n, %)  

   Women 221 (47.94) 243 (43.86) 380 (44.86) 371 (39.18) 29 (17.37) 67 (34.18) 178 (43.1) 79 (52.32) 460 (38.46) 4495 (45.87) 3281 (43.37)

   Men 240 (52.06) 311 (56.14) 467 (55.14) 576 (60.82) 138 (82.63) 129 (65.82) 235 (56.9) 72 (47.68) 736 (61.54) 5305 (54.13) 4284 (56.63)

Age  (years)
(mean, sd)

48 (13.36) 50 (13.51) 47 (12.84) 49 (13.96) 39 (10.08) 41 (12.1) 49 (13.6) 42 (9.73) 48 (12.82) 49 (13.53) 51 (12.81)

Age  categories
(years)  (n, %)

   18-24 7 (1.52) 10 (1.81) 16 (1.89) 14 (1.48) 10 (5.99) 9 (4.59) 9 (2.18) 4 (2.65) 32 (2.68) 168 (1.71) 124 (1.64)

   25-39 141 (30.59) 146 (26.35) 277 (32.70) 296 (31.26) 94 (56.29) 103 (52.55) 115 (27.85) 68 (45.03) 333 (27.84) 2980 (30.41) 1632 (21.57)

   40-54 159 (34.49) 197 (35.56) 341 (40.26) 325 (34.32) 52 (31.14) 54 (27.55) 167 (40.44) 63 (41.72) 502 (41.97) 3620 (36.94) 2798 (36.99)

   55-64 105 (22.78) 122 (22.02) 144 (17.00) 177 (18.69) 7 (4.19) 21 (10.71) 76 (18.40) 12 (7.95) 196 (16.39) 1795 (18.32) 2046 (27.05)

   ≥ 65 49 (10.63) 79 (14.26) 68 (8.03) 135 (14.26) 4 (2.40) 4 (2.04 ) 46 (11.14) 4 (2.65) 133 (11.12) 1234 (12.59) 965 (12.76)

BMI (mean, sd) 27 (5.09) 26 (4.93) 26 (4.33) 27 (4.86) 24 (3.29) 26 (4.73) 26 (4.49) 26 (4.94) 27 (4.67) 26 (4.51) 27 (4.75)
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BMI  categories
(n,%)

   Underweight
(<18.5 kg/m2)

4 (0.87) 4 (0.72) 7 (0.83) 6 (0.63) 4 (2.4) 3 (1.53) 2 (0.48) 3 (1.99) 7 (0.59) 143 (1.46) 61 (0.81)

   Normal weight
(<25 kg/m2)

226 (49.02) 282 (50.9) 431 (50.89) 430 (45.41) 118 (70.66) 87 (44.39) 195 (47.22) 72 (47.68) 557 (46.57) 5194 (53.0) 3417 (45.17)

   Overweight
(25-30 kg/m2)

4 (0.87) 4 (0.72) 7 (0.83) 6 (0.63) 4 (2.4) 3 (1.53) 2 (0.48) 3 (1.99) 7 (0.59) 143 (1.46) 2720 (35.96)

   Obese  (>30
kg/m2)

79 (17.14) 88 (15.88) 115 (13.58) 153 (16.16) 4 (2.4) 30 (15.31) 66 (15.98) 27 (17.88) 235 (19.65) 1314 (13.41) 1367 (18.07)

Number  of
steps (median)

 6 005

   Sedentary 152 (32.97) 193 (34.84) 365 (43.09) 394 (41.61) 42 (25.15) 47 (23.98) 161 (38.98) 55 (36.42) 452 (37.79) 4169 (42.54) 2718 (35.93)

   Low active 173 (37.53) 229 (41.34) 331 (39.08) 354 (37.38) 81 (48.5) 83 (42.35) 179 (43.34) 58 (38.41) 521 (43.56) 3611 (36.85) 2958 (39.1)

   Somewhat
active

96 (20.82) 84 (15.16) 111 (13.11) 137 (14.47) 30 (17.96) 41 (20.92) 49 (11.86) 23 (15.23) 158 (13.21) 1420 (14.49) 1276 (16.87)

   Active 40 (8.68) 48 (8.66) 40 (4.72) 62 (6.55) 14 (8.38) 25 (12.76) 24 (5.81) 15 (9.93) 65 (5.43) 600 (6.12) 613 (8.1)
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Table 1 Continued. Characteristics of the study
population in 2019, country

Baseline
characteristics
(in 2019)

Hong
Kong

(n=79)

Hungary

(n=268)

Iceland 

(n=109)

India

(n=56)

Ireland

(n=252)

Italy

(n=719)

Japan

(n=1 948)

Mexico

(n=67)

Nether
lands
(n=854)

New
Zealand
(n=143)

Norway

(n=339)

Sex (n, %)  

   Women 17 (21.52) 71 (26.49) 63 (57.8) 9 (16.07) 100 (39.68) 202 (28.09) 402 (20.64) 18 (26.87) 382 (44.73) 76 (53.15) 145 (42.77)

   Men 62 (78.48) 197 (73.51) 46 (42.2) 47 (83.93) 152 (60.32) 517 (71.91) 1546 (79.36) 49 (73.13) 472 (55.27) 67 (46.85) 194 (57.23)

Age  (years)
(mean, sd)

46 (11.05) 43 (10.98) 49 (11.83) 46 (13.35) 47 (12.81) 49 (12.6) 48 (11.13) 49 (14.73) 48 (13.22) 46 (13.32) 47 (13.13)

Age  categories
(years)  (n, %)

   18-24 1 (1.27) 12 (4.48) 1 (0.92) 1 (1.79) 3 (1.19) 9 (1.25) 12 (0.61) 2 (2.99) 21 (2.46) 3 (2.10) 5 (1.47)

   25-39 28 (35.44) 99 (36.94) 26 (23.85) 22 (39.29) 82 (32.54) 193 (26.84) 517 (26.54) 19 (28.36) 246 (28.81) 55 (38.46) 127 (37.46)

   40-54 32 (40.51) 127 (47.39) 46 (42.20) 19 (33.93) 98 (38.89) 311 (43.25) 910 (46.71) 24 (35.82) 310 (36.30) 46 (32.17) 113 (33.33)

   55-64 15 (18.99) 18 (6.72) 28 (25.69) 11 (19.64) 47 (18.65) 130 (18.08) 378 (19.40) 13 (19.40) 184 (21.55) 28 (19.58) 65 (19.17)

   ≥ 65 3 (3.80) 12 (4.48) 8 (7.34) 3 (5.36) 21 (8.33) 76 (10.57) 127 (6.52) 9 (13.43) 89 (10.42) 10 (6.99) 28 (8.26)

BMI (mean, sd) 24 (3.95) 26 (4.02) 28 (5.2) 27 (5.01) 27 (4.61) 25 (4.0) 24 (3.66) 27 (4.56) 26 (4.51) 27 (4.69) 26 (4.49)
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BMI  categories
(n,%)

   Underweight
(<18.5 kg/m2)

2 (2.53) 2 (0.75) 0 (0.0) 1 (1.79) 2 (0.79) 10 (1.39) 59 (3.03) 0 (0.0) 13 (1.52) 0 (0.0) 3 (0.88)

   Normal weight
(<25 kg/m2)

55 (69.62) 139 (51.87) 34 (31.19) 25 (44.64) 105 (41.67) 404 (56.19) 1325 (68.02) 24 (35.82) 432 (50.59) 60 (41.96) 174 (51.33)

   Overweight
(25-30 kg/m2)

15 (18.99) 95 (35.45) 41 (37.61) 22 (39.29) 96 (38.1) 236 (32.82) 454 (23.31) 34 (50.75) 297 (34.78) 52 (36.36) 119 (35.1)

   Obese  (>30
kg/m2)

7 (8.86) 32 (11.94) 34 (31.19) 8 (14.29) 49 (19.44) 69 (9.6) 110 (5.65) 9 (13.43) 112 (13.11) 31 (21.68) 43 (12.68)

Number  of
steps (median)

   Sedentary 10 (12.66) 81 (30.22) 59 (54.13) 26 (46.43) 71 (28.17) 227 (31.57) 530 (27.21) 28 (41.79) 307 (35.95) 46 (32.17) 132 (38.94)

   Low active 31 (39.24) 112 (41.79) 37 (33.94) 20 (35.71) 95 (37.7) 281 (39.08) 716 (36.76) 25 (37.31) 358 (41.92) 58 (40.56) 142 (41.89)

   Somewhat
active

27 (34.18) 52 (19.4) 9 (8.26) 8 (14.29) 61 (24.21) 155 (21.56) 493 (25.31) 12 (17.91) 137 (16.04) 26 (18.18) 53 (15.63)

   Active 11 (13.92) 23 (8.58) 4 (3.67) 2 (3.57) 25 (9.92) 56 (7.79) 209 (10.73) 2 (2.99) 52 (6.09) 13 (9.09) 12 (3.54)
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Table 1 Continued. Characteristics of the study
population in 2019, by country

Baseline
characteristics
(in 2019)

Poland

(n=331)

Portugal

(n=245)

Romania

(n=205)

Russia

(n=144)

Singapore

(n=73)

Spain

(n=672)

Sweden

(n=653)

Switzer
land
(n=1674)

Thailand

(n=77)

United
Kingdom
(n=4057)

United
States
(n=5898)

Vietnam

(n=21)

Sex (n, %)  

   Women 98 (29.61) 85 (34.69) 77 (37.56) 47 (32.64) 26 (35.62) 237 (35.27) 245 (37.52) 818 (48.86) 18 (23.38) 1635 (40.3) 2332 (39.54) 4 (19.05)

   Men 233 (70.39) 160 (65.31) 128 (62.44) 97 (67.36) 47 (64.38) 435 (64.73) 408 (62.48) 856 (51.14) 59 (76.62) 2422 (59.7) 3566 (60.46) 17 (80.95)

Age  (years)
(mean, sd)

43 (10.29) 49 (13.48) 43 (11.38) 47 (12.42) 46 (10.66) 50 (13.19) 49 (12.69) 49 (13.66) 43 (11.37) 50 (13.29) 49 (13.78) 43 (8.58)

Age  (years)
categories   (n,
%)

   18-24 4 1 3 3 2 11 11 33 2 63 79 0

   25-39 143 74 93 45 20 163 176 480 30 1053 1880 7

   40-54 143 93 79 63 37 278 262 591 33 1501 1915 12

   55-64 31 38 17 21 10 125 131 356 9 891 1190 2
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   ≥ 65 10 39 12 12 4 95 69 213 1 549 834 23 (3.44)

BMI (mean, sd) 26 (4.5) 26 (4.04) 26 (4.35) 26 (4.55) 25 (4.13) 26 (4.15) 26 (4.69) 26 (4.61) 24 (3.91) 27 (4.76) 27 (5.16) 2 (9.52)

BMI  categories
(n,%)

   Underweight
(<18.5 kg/m2)

7 (2.11) 3 (1.22) 1 (0.49) 1 (0.69) 2 (2.74) 8 (1.19) 7 (1.07) 20 (1.19) 3 (3.9) 34 (0.84) 55 (0.93) 14 (66.67)

   Normal weight
(<25 kg/m2)

163 (49.24) 133 (54.29) 104 (50.73) 70 (48.61) 45 (61.64) 361 (53.72) 312 (47.78) 902 (53.88) 57 (74.03) 1897 (46.76) 2490 (42.22) 5 (23.81)

   Overweight
(25-30 kg/m2)

117 (35.35) 84 (34.29) 75 (36.59) 53 (36.81) 21 (28.77) 231 (34.38) 217 (33.23) 516 (30.82) 10 (12.99) 1431 (35.27) 2103 (35.66) 0 (0.0)

   Obese  (>30
kg/m2)

44 (13.29) 25 (10.2) 25 (12.2) 20 (13.89) 5 (6.85) 72 (10.71) 117 (17.92) 236 (14.1) 7 (9.09) 695 (17.13) 1250 (21.19) 8 (38.1)

Number  of
steps (median)

   Sedentary 113 (34.14) 90 (36.73) 67 (32.68) 28 (19.44) 19 (26.03) 174 (25.89) 183 (28.02) 581 (34.71) 35 (45.45) 1203 (29.65) 2684 (45.51) 7 (33.33)

   Low active 151 (45.62) 108 (44.08) 90 (43.9) 48 (33.33) 37 (50.68) 273 (40.62) 279 (42.73) 687 (41.04) 32 (41.56) 1468 (36.18) 2051 (34.77) 3 (14.29)

   Somewhat
active

43 (12.99) 32 (13.06) 32 (15.61) 37 (25.69) 14 (19.18) 142 (21.13) 124 (18.99) 273 (16.31) 8 (10.39) 922 (22.73) 799 (13.55) 3 (14.29)

   Active
24 (7.25) 15 (6.12) 16 (7.8) 31 (21.53) 3 (4.11) 83 (12.35) 67 (10.26) 133 (7.95) 2 (2.6) 464 (11.44)

364 (6.17)
NaN
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Table 2 Change in the median number of steps relative to the same quarter in 2019
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Figure 1: Flow chart of the three study populations
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Figure 2: Evolution of the median number of steps per country between 2019 and 2022
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Figure 3: Variation of the median number of steps per country per year compared to the pre-pandemic reference year (2019)
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Figure 4: Distribution of individuals within steps categories during 2019, 2020, 2021 and the first quarter of 2022
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Figure 5: Evolution of the number of steps per year and per country based on the number of users.
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Figure 6: Daily average of night heart rate in France according to gender

31

https://preprints.jmir.org/preprint/68199 [unpublished, non-peer-reviewed preprint]



JMIR Preprints Wyatt et al

Figure 7:  average of night heart rate in France variation throughout the follow-up with lockdown periods (blue: March 2020, green: November 2020,
orange: April 2021)
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