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Abstract  

Background: Physical activity and sleep are important for health; whether device-measured 

physical activity and sleep differ by ethnicity is unclear. This study aimed to compare 

physical activity and sleep/rest in White, South Asian (SA) and Black adults by age.  

Methods:  Physical activity and sleep/rest quality were assessed using accelerometer data 

from UK Biobank. Linear regressions, stratified by sex, were used to analyse differences in 

activity and sleep/rest. An ethnicity*age-group interaction term was used to assess whether 

ethnic differences were consistent across age-groups. 

Results: Data from 95,914 participants, aged 45-79 years, were included. Overall activity 

was 7% higher in Black, and 5% lower in SA individuals compared to White individuals. 

Minority ethnic groups had poorer sleep/rest quality. Lower physical activity and poorer 

sleep quality occurred at a later age in Black and SA adults (>65 years), than White adults 

(>55 years).  

Conclusions: While Black adults are more active, and SA adults less active, than White 

adults, the age-related reduction appears to be delayed in Black and SA adults. Sleep/rest 

quality is poorer in Black and SA adults than in White adults. Understanding ethnic 

differences in physical activity and rest differ may provide insight into chronic conditions 

with differing prevalence across ethnicities. 
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1.0. Introduction 

Relative to White populations, South Asian (SA) and Black populations have a higher risk of 

type 2 diabetes and cardiovascular disease 1-3.  Higher amounts of  physical activity, such as 

walking, is beneficial for treating type 2 diabetes and improving overall health 4,5. 

Furthermore, as little as 10 minutes of brisk walking a day is associated with a lower risk of 

mortality 6, with guidelines emphasising the importance of physical activity for overall health 

and in the treatment and prevention of cardiometabolic disease 7,8.  

Self-reported levels of moderate-to-vigorous physical activity (MVPA) are lower in some 

minority ethnic groups, particularly SAs  9,10. When accelerometers are used to assess 

physical activity, differences between ethnic groups are less than those observed with self-

reported physical activity 11-14. Where ethnic differences are observed, they appear to be 

greater in women than men 13,14. In addition to physical activity, accelerometer-assessed  

sleep disruption and/or irregular sleep timing is associated with poorer health outcomes 15,16 

including an increased risk of cardiovascular events 17, and developing severe COVID-19 18.   

Evidence to date using accelerometer measured physical activity has been limited by small 

cohorts, focusing predominately on MVPA, which accounts for only a small proportion of the 

day 19.  Limited evidence suggests physical activity and sleep/rest behaviours may differ by 

ethnicity, with  shorter sleep duration and higher sleep variability in those who are of an 

African American ethnicity 15,16.  However, rest and activity across the 24 h day have not 

been compared across ethnic groups.  

The largest dataset with device-measured physical activity is UK Biobank which assessed 

over 100,000 participants using a wrist worn accelerometer 20. Initial analysis by Doherty and 

colleagues described physical activity differences by sex and age. Physical activity was 

approximately 7.5% lower for each decade older in age 20, slightly lower than in smaller US 



 

 

studies showing approximately 10% decrease per decade in overall activity 21,22. However, 

how device-measured physical activity and rest varies by age in people of different ethnicities 

in this dataset has not been examined. Therefore, examination of the profile of physical 

activity and sleep/rest, may facilitate greater insight into how physical activity differs 

between ethnicities 23. 

Therefore, the primary aim of this study is to compare the rest and activity profile in women 

and men of White, SA and Black ethnicities. The secondary aim is to assess how the profile 

varies by age and whether this is consistent across ethnicities in women and men.  

2.0. Material and methods 

2.1. Data source and study populations 

This study used data from UK Biobank, a prospective cohort study of >500,000 participants 

aged 40-69 years at the baseline assessment between 2006 and 2010 24. Participants’ 

information was anonymised, and personal phenotypic and genotypic information collected at 

baseline. The use of device measured physical activity using accelerometers was an addition 

to the initial study and a sub-sample of 106,053 were recruited. UK Biobank study gained 

NHS National Research Ethics Service approval in June 2011 (Ref11/NW/0382). Details of 

recruitment and measurements used to obtain data for this resource can be found on the UK 

Biobank website: https://www.ukbiobank.ac.uk. 

2.1.1. Extracted Variables  

Variables used included: ethnicity, sex, month and year of birth, smoking status, self-reported 

medications prescribed, Townsend score (area-level measure of deprivation25), 

anthropometric variables (height, mass, body-mass index (BMI) and waist circumference), 

and date of the start of the accelerometer recording.  

https://www.ukbiobank.ac.uk/


 

 

Ethnicity was categorised into White, SA and Black, as follows: White (British, Irish, White 

or any other White background); SA (Asian or Asian British, Indian, Pakistani or 

Bangladeshi); Black (Black or Black British, Caribbean, African or any other Black 

background). Those whose self-reported ethnicity did not fit the definition of the above three 

categories were excluded due to low numbers (Figure 1), this included adults who reported 

their ethnicity to be any of the following: Chinese, other Asian background, mixed ethnicity, 

other ethnic group, not known or preferred not to answer. Age at the point of accelerometer 

assessment was calculated from the difference between month and year of birth and the date 

at the start of the accelerometer device recording. Participants were categorised into age 

groups: 45-54 years, 55-64 years, 65-74 years, and 75-79 years; those aged under 45 years 

were excluded due to low numbers, in line with previous research into age group differences 

within UK Biobank 20.  

2.2. Accelerometer and Data Collection  

The Axivity AX3 accelerometer was used to assess physical activity. This is the commercial 

version of the Open Movement AX3 open source sensor 

(https://github.com/digitalinteraction/openmovement) designed by Open Lab, Newcastle 

University. Devices were set up to record at 100 Hz with a dynamic range of ±8 g.  

Participants were requested to wear the device continually on their dominant wrist for seven 

days while carrying on with their daily lives as normal. 

2.3. Data Processing 

The accelerometer time series data (5-second epoch) for each participant were extracted from 

the UK Biobank showcase. The files were converted to R-format for entry into R-package 

GGIR version 1.10-7 (http://cran.r-project.org) 26. Once transformed, all accelerometer files 

were processed and analysed using the GGIR package to generate activity outcomes. The 

http://cran.r-project.org/


 

 

default GGIR settings were used to process the data. The default non-wear setting imputes 

invalid data by the average at similar time-points on different days of the week; therefore, the 

outcome variables were based on the complete 24 h cycle (1440 minutes) accounting for 

diurnal variation, in all participants. Participants were excluded if their accelerometer files 

showed fewer than one day of valid wear (defined as >16 h per day), or wear-data were not 

present for each 15 minute period of the 24 h cycle. Detection of non-wear has been 

described in detail previously 27.  

As it is not possible to generate the quality control variables from the accelerometer time 

series 5 second epoch files, the calibration variables generated from the raw accelerometer 

data were also extracted: participants were excluded if they failed calibration (including those 

not calibrated on their own data, using a post-calibration error of greater than 0.01 g (10 

mg)).  

Participants were included in this study if they had one valid day of data which has been 

shown to be a valid measure of group level assessment previously28. This is based on the 

assumption that the one day is random, e.g., for some people that will be a weekday and for 

others that will be a weekend day. The following outcomes were generated and averaged 

across all valid days (‘AD’ variables in GGIR): average acceleration over 24 h (overall 

physical activity); intensity gradient (intensity distribution) over 24 h; acceleration (intensity) 

above which a person’s most active X minutes or period of time (MX) are accumulated 

(milligravitational units (mg)): M⅓DAY (8 hours); M120; M60; M30, M15; M10; M5; M2; 

time spent in moderate-to-vigorous physical activity (MVPA) in one minute bouts; average 

acceleration over most active continuous sixteen hours (M16h, proxy for waking activity); 

average acceleration over least active continuous eight hours (L8h, proxy for sleep 

disruption); the variability in timing of L8h (proxy for variability in sleep timing).  



 

 

Overall physical activity reflects movement during the waking day (positively associated 

with health) and disrupted sleep/rest (detrimentally associated with health). Thus, we used 

two standardised window lengths (M16h and L8h), based on national sleep recommendations 

(7-9 hours)29, as proxies for waking activity and sleep/rest disruption18. Ongoing work in our 

laboratory provides preliminary evidence validating this and the proxy measures for sleep 

timing. Average acceleration during the least active continuous 5 hours, as in our sensitivity 

analysis, has been used to assess sleep disruption previously30.  

Our previous research showed that acceleration over the most active continuous 16 hours 

(M16h / waking activity) is associated with lower odds of severe COVID-19, while 

acceleration over the least active continuous 8 hours (L8h /  sleep disruption) is associated 

with higher odds of severe COVID-1918. Variability in the timing of the least active 

continuous 8 hours is also associated with adverse COVID-19 outcomes18. It is also highly 

correlated with variability in mid-sleep time and shows similar associations with health 

markers in our studies in adults with type 2 diabetes (ongoing work in our laboratory).  The 

metrics and their working abbreviations are detailed in Table 1. 

2.4. Statistical Analysis  

Descriptive analysis was carried out to establish the proportion of each ethnic group 

achieving 10 minutes of brisk walking. This was calculated as the proportion of each group 

with an M10 value greater than 250 mg. 

2.4.1. Physical activity profile  

Due to established differences in physical activity by sex in this cohort 20, all analyses were 

stratified by sex to explore differences by ethnicity and age in women and men separately. 

Linear regression models were used to compare overall physical activity, intensity 

distribution, waking activity, sleep disruption, variability in sleep timing and the balance of 



 

 

activity and rest between White, SA and Black ethnic groups. An interaction between 

ethnicity and age-group was used to assess whether differences between ethnicities were 

consistent across age. As the primary purpose of the analysis was to describe rather than 

explain differences between ethnic groups, the main model was minimally adjusted for height 

and weight, because of their potential to affect acceleration at a given physical activity 

intensity 31. Self-reported sleep duration was also included as a covariate in models which 

contained the dependent variables sleep disruption and variability in sleep timing.  However, 

in order to assess the impact of common confounding variables, a further model was also 

undertaking adjusting for deprivation, smoking status, medication status and cancer which are 

consistent with factors previously shown to have the strongest confounding effect within UK 

Biobank for lifestyle research32. L5h has been used previously as a measure of sleep 

assessment using accelerometer 30. Analyses including sleep disruption or the variability in 

sleep timing were repeated using the L5h rather than L8h as a sensitivity analysis in order to 

allow for differences in the duration of sleep. Results were deemed significant at p<0.05. 

Analyses were run using Stata 16 (StataCorp LP,Texas, USA).  

2.4.2. Illustration of physical activity profiles 

To visualise differences in overall physical activity and intensity distribution between 

ethnicities, marginal means for the MX values and standardised MX values were plotted on 

radar plots, as previously described 23,33. These plots illustrate the intensity profile and enable 

interpretation in relation to typical activities, e.g., brisk walking. Dotted/dashed circles show 

approximate values for slow walking (100 mg), brisk walking (250 mg) and vigorous 

physical activity (400 mg) taken from laboratory calibration studies 34. The MX metrics were 

standardised within each metric relative to the mean and standard deviation (SD) of the 

reference group (White ethnic group [women and men combined]). The standardised values 

illustrate differences relative to the reference group in terms of SDs.  



 

 

3.0. Results  

Descriptive information for participants is presented in Table 2. Accelerometer data were 

available for 103,697 of the 106,053 who consented to the accelerometer sub-study 20. Data 

from 95,914 participants with valid accelerometer data and complete covariate data were 

included (Figure 1). The demographic characteristics remained largely consistent between 

participants with complete data and missing data, although there is evidence that those with 

complete data were older, and less deprived (supplementary Table S1). Of those included in 

the study, mean wear time was similar across ethnic groups: 6.6 days for White adults and 6.5 

days for SA and Black adults.  Overall, 30.1% of participants had 7 days of wear (White: 

30.1%, SA:  30.6%, Black 33.5%).  

Approximately two-thirds of Black women and Black men achieved 10 minutes of brisk 

walking (64% and 70%, respectively) i.e., their M10 value was greater than 250 mg. 

However, this was only achieved by around half of White women (51%), White men (54%), 

SA women (48%) and SA men (54%).  

3.1. Physical activity profile 

Analysis of differences in physical activity profile by ethnicity are presented in Table 3. The 

pattern of differences between ethnic groups in women and men was maintained when results 

were further adjusted for deprivation, smoking status, medication status and cancer (see 

supplementary Table S2) 

3.1.1. Women 

Overall activity for White women was 6.4% lower than Black women but 4.6% higher than 

SA women (p<0.005) (Table 3). The intensity distribution, waking activity and time spent in 

MVPA followed a similar pattern to overall physical activity, although the difference 

between ethnicities differed for each metric. Time spent in MVPA was ~10 min/day (19.4%) 



 

 

lower for SA women compared to White women and Black women undertook 5.9% more 

than White women (p<0.05) (Table 3). Sleep disruption and the variability in sleep timing 

were significantly lower for White women compared with SA and Black women (p<0.001). 

The MX metrics are plotted in Figures 2a and 2b. On average women achieved 2 minutes of 

vigorous activity and 60 minutes of slow walking regardless of their ethnicity (Figure 2a). 

Black women achieved 15 minutes of brisk walking whereas White and SA only achieved 10 

minutes. The proportionately greater differences at higher intensities (M2 and M5) illustrate 

the better (higher) intensity distribution in Black women, and poorer (lower) intensity 

distribution in SA women, relative to White women. The standardised plot (Figure 2b) shows 

that Black women had the highest intensity of activity across the whole day. SA and White 

women had very similar values for M⅓DAY however, the SA women had lower intensity of 

activity for the remainder of the day, further illustrating their poorer intensity distribution 

relative to White women.  

3.1.2. Men   

Overall activity was 4.6% lower for White men than Black men but 7.5% higher than SA 

men (p<0.005) a pattern consistent with that found in women (Table 3). As with women, 

sleep disruption and variability in sleep timing were also the lowest in White men (p< 0.001). 

The intensity distribution for Black men was 1.2% higher than White men (p=0.002), 

however there was no significant difference between white and SA men (Table 3). As with 

women, MVPA was ~10min/day (21.9%) higher for White men compared to SA men 

(p<0.001), however there was no significant difference between White and Black men (Table 

3).  Waking activity followed a similar pattern to time spent in MVPA. 

For the MX metrics, men on average achieved 2 minutes of vigorous activity and 60 minutes 

of slow walking regardless of their ethnicity. Black men achieved 15 minutes of brisk 



 

 

walking with White and SA men only achieving 10 minutes (Figure 2c). Consistent with the 

women, the proportionately greater differences at higher intensities (M2 and M5) illustrate 

the differences better (higher) intensity distribution in Black men, relative to White men 

(Figure 2d). In contrast, SA men had a more similar intensity profile to the White men but at 

lower intensity magnitudes, resulting in a similar intensity distribution, despite lower overall 

physical activity. 

The sensitivity analysis using the L5h metric in-place of L8h showed a similar pattern of 

results.  

3.1.3. Variation in activity profile by age and ethnicity  

Overall, those who were older had lower physical activity, less sleep disruption and lower 

variability in sleep timing (supplementary Table S3). However, age x ethnicity interactions 

were shown for overall physical activity in both women (p = 0.002) and men (p = 0.048) 

(Table 3), as well as waking activity in women (p = 0.001) and intensity distribution in men 

(p = 0.002). Stratified analysis showed that the drop in physical activity levels with age 

occurred at 65+ years in SA and Black adults, while it occurred at 55+ years in White adults 

(Figure 3 and Figures S1). As a result, ethnic differences in physical activity metrics were 

less pronounced in older age groups.  

Interactions were also seen for sleep disruption in men (p = 0.005) (Figure S2), such that 

Black men had a greater drop in sleep disturbance, but at a later age (65+ years), than White 

men (drop occurred at 55+ years).  

4.0. Discussion  

This study compares the physical activity profile between people from different ethnic groups 

within UK Biobank. While Black adults were more active and SA adults less active than 



 

 

White adults, our data suggest that the age-related reduction in physical activity may be 

delayed in adults of both ethnic minorities. Furthermore, sleep was more disrupted and timing 

more variable in both ethnic minority groups compare to White adults irrespective of age.  

Approximately two-thirds of Black women and Black men achieved 10 minutes of brisk 

walking, which is associated with a reduced risk of mortality 6.  Comparatively only around 

half of White and SA adults achieved 10 minutes of brisk walking.  MVPA was 21% lower in 

SA adults than White adults; this is fairly consistent with the 32% difference previously 

reported 13. When assessing 24 h physical activity the difference between SA and White 

adults was smaller: 6% for overall physical activity and 1% for intensity distribution. 

Assessing differences between groups using only MVPA , may inflate the magnitude of the 

differences, as previously reported 33. This is illustrated in Figure 2, whereby White adults 

had a higher proportion of activity in the mid-intensity range (M30-M120), typically 

categorised as MVPA. Conversely, for short higher intensity activity (M2-M15) and long 

duration lower intensity activity (M⅓DAY) SA and White adults were similar. This explains 

the greater differences shown for MVPA compared to 24 h physical activity.  

Physical activity was lower in adults who were older, as shown previously  20,21, but notably 

this was not consistent across ethnicities. Overall physical activity for White adults was lower 

in each age group above 55 years. However, the same pattern was not seen until 65 years in 

both ethnic minority groups. Further, as SA adults were less active overall, the age-related 

decline was smaller for the oldest age group. The same pattern was noted for waking activity 

and intensity distribution (men only). 

The social-cultural construct within different ethnic groups may contribute to these 

differences in physical activity pattern. Physical activity in white communities tends to focus 

on individualised exercises, whereas SA communities are more focussed on family based 



 

 

physical activity  35. In the SA community there is greater group socialisation and social 

support, which is a facilitator for starting and maintaining physical activity 36. These 

differences in community construct could provide some explanation as to why physical 

activity appears to be maintained in older SA adults but declines earlier with age in white 

adults. Furthermore, ethnicity is associated with deprivation and, in the UK, adults of ethnic 

minorities tend to be more deprived than White adults 37. It is widely acknowledged that 

deprivation can have a negative impact on physical activity 38,39 and has been shown to be a 

driver in health in-equalities 40. Whilst we adjusted for area level deprivation in our analyses, 

no data was available for individual levels of deprivation. Whilst research exists which 

presents possible explanations for physical activity differences between SA and White 

communities, there is limited available for black communities.  

Whilst adults of Black ethnicity were the most active, they also had the most disrupted sleep. 

White adults had the least sleep disturbance, as well as the lowest variance in sleep timing 

compared to both ethnic minority groups. Variable sleep pattern and disrupted sleep have 

been shown to be detrimental for health 15,16 and may contribute to the higher prevalence of 

conditions such as type 2 diabetes in ethnic minorities. Higher levels of physical activity were 

observed for Black adults suggesting that other risk factors may be contributing to the 

elevated risk of diabetes and cardiovascular disease in Black adults. Whilst this falls outside 

the scope of this research it is something which should be explored further in future research.  

UK Biobank is the largest sample with accelerometer-assessed physical activity to date 20. 

Whilst the findings of this study are limited by the sample not being fully representative of 

the UK population, with a lower prevalence of ethnic minority group than census estimates41, 

the outcomes from this dataset have been shown to be largely generalisable 42. Nevertheless, 

it is possible that the low prevalence of ethnic minorities within this sample compared to the 

general population acted to bias observed differences in physical activity outcomes, including 



 

 

the higher levels of physical activity observed in Black participants. Whilst the proportion of 

participants from minority ethnic groups is small, the absolute numbers are larger than in 

previous research using device-measured physical activity13 and with over 700 participants in 

each groups,  is one of the most comprehensive investigations into ethnic differences in 

accelerometer assessed physical activity and sleep profiles to date. This study is also limited 

by the accelerometer data collection occurring at a later date to the baseline data. Whilst this 

creates a gap between the two points of data collection, variables have been shown to be 

stable over this period 43. 

Future research should explore whether these differences in physical activity and rest/sleep 

are confirmed in cohorts that are generalizable to the general population and whether they 

contribute to ethnic differences in health. This could include the mechanisms behind these 

differences or establishing whether they may result in a reduced risk of developing 

cardiometabolic diseases. Research may also explore factors which may explain these 

differences in physical activity exist, for example the effect of light pollution, access to green 

spaces or shift worker status.  

5.0. Conclusion 

In conclusion, Black men and women had higher overall activity and more favourable 

intensity distribution of activity than White adults, who had higher values compared to SA 

ethnicities. In both sexes, white adults had less sleep disruption and less variance in sleep 

timing compared to both minority ethnic groups. Those who were older had lower physical 

activity levels but also less sleep disturbance. The age-related decline in physical activity 

appears to differ by ethnicity, with lower physical activity and greater sleep disruption 

evident in White adults from the age of 55 years, but not until the age of 65 years in Black 

and SA adults.  Understanding how physical activity differs in terms of age and ethnicity may 



 

 

contribute to ethnic differences in health thus is important to inform physical activity 

interventions and targeted health messaging.  

Data Source 

This research has been conducted using the UK Biobank Resource under Application 

Number 36371 
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Tables 

Table 1. Description of the physical activity metrics used in the paper.  

Metric Unit Abbreviation  Interpretation  

Physical Activity     

Average acceleration mg Overall physical activity The average of all accelerations across the 24 h day, a proxy for total physical activity 

Moderate-to-vigorous physical 

activity 

 

minutes MVPA Time spent in physical activity above 3 METS. Derived using an acceleration threshold of 100 

mg 34.  

Intensity gradient N/A Intensity distribution Reflects the distribution of acceleration intensity across the 24 h day. It is always negative; a 

lower (more negative) value indicates time is mainly spent inactive and at lower intensities, 

while a higher (less negative) value indicates people are also accumulating time at higher 

intensities 19,23.   

MX mg M(time period) e.g. 10 

minutes = M10 

The acceleration above which a person’s most active X minutes are accumulated, where X = 

time. The activity can be accumulated at any point across the day, i.e., it does not need to be 

continuous or in bouts.  

For example, M10 is the intensity that a person exceeded for a total of 10 minutes across the 

day. If the M10 exceeds 250 mg (acceleration threshold for brisk walking6), this indicates 10 

minutes of activity at an intensity equivalent to at least brisk walking.    

Activity and sleep/rest    

Average acceleration over most 

active continuous 16 h 

mg Waking activity  The average of all accelerations during the most active continuous 16 h of the day as a proxy for 

waking hours. Greater values present a higher level of physical activity within this window. 

Average acceleration over least 

active continuous 8 h* 

mg Sleep disruption The average of all accelerations during the least active continuous 8 h of the day sleep/rest as a 

proxy for the sleep window (main rest period). Lower values represent a more restful window of 

recovery. 

Variability in timing of activity 

and sleep/rest 

   



 

 

Variability (SD) in the start time 

of the least active continuous 8 

h* 

minutes Variability in sleep 

timing 

Calculated as the SD of the start time of the least active continuous 8 h for all valid nights Proxy 

for variability in time of sleep onset.  

MVPA = moderate-to-vigorous physical activity 

Acceleration cut-point for classification of MVPA = 100 mg34  

* Measures were repeated using the L5h metric as a sensitivity analysis 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

Table 2. Descriptive data by ethnicity.  

Variable   White (N=94,359) South Asian (N=738) Black (N=817) 

  
 Women  

(N = 53,062) 

Men  

(N = 41,297) 

Women  

(N = 328) 

Men  

(N = 410) 

Women 

(N = 502) 

Men  

(N = 315) 

Continuous variables 

Age  62.1 (7.7) 63.2 (7.8) 57.6 (7.7) 59.4 (8.7) 55.5 (6.9) 56.7 (7.2) 

        

Height (cm) 

All ages 163.5 (6.1) 176.5 (6.6) 158.2 (6.0) 171.3 (6.0) 163.0 (6.3) 175.0 (7.0) 

45-54 years  165.0 (6.2) 178.2 (6.6) 159.1 (5.5) 172.2 (5.8) 164.1 (6.1) 176.2 (7.1) 

55-64 years 163.8 (6.1) 177.0 (6.6) 157.8 (6.6) 171.9 (6.0) 162.4 (6.1) 174.7 (6.6) 

65+ years 162.5 (6.0) 175.6 (6.4) 156.7 (5.7) 169.6 (6.0) 160.2 (6.4) 171.8 (6.7) 

        

Weight (kg) 

All ages 70.1 (13.3) 85.1 (13.6) 65.2 (11.0) 78.2 (12.0) 77.9 (15.6) 87.4 (14.5) 

45-54 years 70.2 (14.1) 85.8 (14.1) 65.1 (11.4) 79.7 (13.0) 77.8 (16.3) 88.2 (14.8) 

55-64 years 70.5 (13.6) 85.9 (14.2) 64.9 (10.6) 78.3 (11.1) 78.6 (15.2) 87.9 (14.7) 

65+ years 69.8 (12.5) 84.3 (12.9) 66.0 (11.1) 76.5 (11.7) 76.8 (13.0) 83.8 (12.4) 

        

BMI (kg/m2) 

All ages 26.2 (4.8) 27.3 (4.0) 26.1 (4.5) 26.6 (3.6) 29.3 (5.6) 28.5 (4.0) 

45-54 years  25.8 (5.1) 27.0 (4.1) 25.7 (4.4) 26.8 (3.9) 28.9 (5.7) 28.3 (3.8) 

55-64 years 26.3 (4.9) 27.4 (4.2) 26.1 (4.3) 26.5 (3.3) 29.8 (5.4) 28.8 (4.4) 

65+ years 26.4 (4.6) 27.3 (3.9) 26.9 (5.0) 26.5 (3.4) 30.0 (5.1) 28.4 (3.7) 

        

Deprivation 

All ages -1.76 (2.8) -1.84 (2.8) -0.36 (2.9) -0.50 (2.9) 1.87 (3.3) 1.90 (3.7) 

45-54 years  -1.38 (2.9) -1.35 (3.0) -0.32 (2.9) -0.40 (2.8) 1.94 (3.3) 2.03 (3.5) 

55-64 years -1.76 (2.8) -1.78 (2.8) -0.32 (2.9) -0.51 (3.1) 1.74 (3.3) 2.11 (3.9) 

65+ years -1.97 (2.7) -2.09 (2.6)  -0.54 (2.9) -0.62 (2.9) 1.91 (3.3) 0.85 (4.1) 

        

Self-reported All ages 7.2 (1.0) 7.2 (1.0) 7.0 (1.1) 7.0 (1.2) 6.7 (1.3) 6.5 (1.2) 



 

 

sleep duration 

(hours) 

  

45-54 years  7.3 (0.9) 7.0 (0.9) 7.1 (1.0) 6.9 (1.0) 6.7 (1.4) 6.5 (1.0) 

55-64 years 7.1 (1.0) 7.0 (0.9) 6.8 (1.1) 7.0 (1.4) 6.6 (1.2) 6.3 (1.2) 

65+ years 7.2 (1.0) 7.3 (1.0) 7.1 (1.1) 7.3 (1.0) 6.7 (1.3) 7.0 (1.5) 

       

Categorical variables 

Smoking Status 

(never) 

All ages 31,988 [60.5] 21,354 [51.9] 300 [91.7] 267 [65.6] 381 [76.4] 190 [60.5] 

45-54 years  7,396 [64.2] 4,877 [62.6] 132 [93.6] 97 [67.4] 200 [73.8] 96 [66.2] 

55-64 years 12,020 [61.2] 7,479 [56.0] 104 [88.1] 93 [67.4] 127 [76.1] 64 [53.3] 

65+ years 12,572 [57.9] 8,998 [45.0] 64 [94.1] 77 [61.6] 54 [88.5] 30 [61.2] 

        

Number of 

medications (no 

medications) 

  

All ages 14,505 [27.4] 14,077 [34.2] 100 [30.6] 157 [38.6] 138 [27.7] 123 [39.2] 

45-54 years  3,857 [33.5] 3,801 [48.8] 56 [39.7]  80 [55.7] 92 [34.0] 71 [49.0] 

55-64 years 5,845 [29.8] 5,251 [39.3] 28 [23.7] 53 [38.4] 41 [24.6] 47 [39.2] 

65+ years 4,803 [22.1] 5,025 [25.1] 16 [23.5] 24 [19.2] 5 [8.2] 5 [10.2] 

        

 All ages 47,868 [90.5] 38,562 [93.7] 313 [95.7] 396 [97.3] 475 [95.2] 306 [97.5] 

 45-54 years 10,392 [95.0] 7,609 [97.6] 138 [97.9] 143 [99.3] 261 [96.3] 144 [99.3] 

Cancers (no 

cancer) 
55-64 years 18,020 [91.7] 12,760 [95.5] 112 [94.9] 137 [99.3] 158 [94.6] 117 [97.5] 

 65+ years 18,916 [87.0] 18,193 [90.9] 63 [92.7] 116 [92.8] 56 [91.8] 45 [91.8] 

        

Data as mean (standard deviation) or N [%] 

Deprivation is calculated using the Townsend score, negative = less deprived, positive = more deprived. 

 

 



 

 

Table 3. Physical activity and sleep/rest metrics by ethnic group, including the interaction between ethnicity and age-group (45-54 

years; 55-64 years; 65+ years). 

 Women Men 

Variable White South Asian Black  
Ethnicity X age 

Interactionⴕ 
White South Asian Black  

Ethnicity X age 

Interactionⴕ 

Overall physical 

activity (mg) 

28.7 (28.6, 28.7) 27.4 (26.6, 28.2) 30.6 (29.8, 31.3)  27.7 (27.6, 27.8) 25.7 (24.9, 26.4) 29.0 (27.9, 30.0)  

p-value - 0.002 <0.001 0.002 - <0.001 0.016 0.048 

Intensity 

distribution 
-2.58 (-2.58, -2.57) -2.62 (-2.64, -2.60) -2.55 (-2.57, -2.54)  -2.51 (-2.51, -2.51) -2.52 (-2.54, -2.50) -2.48 (-2.50, -2.46)  

p-value - <0.001 0.002 0.364 - 0.385 0.002 0.004 

MVPA 

(minutes per day) 
47.5 (47.2, 47.7) 39.1 (35.9, 42.3) 50.4 (47.7, 53.1)  48.6 (48.3, 48.9) 39.0 (36.0, 42.1) 48.0 (44.6, 51.4)  

p-value - <0.001 0.036 0.177 - <0.001 0.739 0.157 

Waking activity 

(mg) 
41.0 (40.9, 41.0) 38.7 (37.5, 39.8) 42.8 (41.8, 43.9)  39.3 (39.2, 39.5) 36.0 (34.9, 37.0) 40.4 (38.9, 41.8)  

p-value - <0.001 0.001 0.001 - <0.001 0.179 0.085 

Sleep disturbance* 

(mg) 
4.12 (4.11, 4.13) 4.76 (4.52, 5.00) 5.78 (5.51, 6.05)  4.38 (4.36, 4.40) 5.08 (4.87, 5.30) 6.05 (5.71, 6.39)  

p-value - <0.001 <0.001 0.818 - <0.001 <0.001 0.005 

Variability in sleep 

timing* (minutes) 
43.9 (43.6, 44.2) 54.4 (48.0, 60.7) 69.3 (63.8, 74.9)  48.0 (47.6, 48.4) 57.5 (52.9, 62.1) 79.3 (69.3, 89.3)  

p-value - 0.001 <0.001 0.361 - <0.001 <0.001 0.091 

Data as a marginal mean (95% confidence interval). 

MVPA = Moderate-to-vigorous physical activity, calculated in 1-minute bouts. 

Covariates included: height, weight. Self-reported sleep duration was also included as a covariate in models which contained the dependent variables sleep disruption and variability in sleep timing. 

P value for each ethnicity (excluding interaction term) indicates difference compared to White of the same sex. 

Bold indicates significant at P<0.05. 

* L5h derived version of the metric also analysed as part of a sensitivity analysis. Findings of both metrics were consistent. 

ⴕ Main effect for age were evident for all metrics. Values were lower for the 55-65 years and the 65+ years for all metrics (supplementary document Table S3).   



 

 

Figures  

 

Figure 1. Participant flow diagram. SA = South Asian. 



 

 

 

Figure 2. MX values for all three ethnicities. The red dashed lines represent indicative values 

for: slow walking (–), brisk walking (. . .) and vigorous activity (._._.) 34. W = White ethnicity, 

SA = South Asian, B = Black ethnicity. (a) Women mean MX values (mg); (b) Women 

standardised MX values; (c) Men mean MX values; (d) Men standardised MX values. 



 

 

 

Figure 3. Overall physical activity values for women and men by ethnicity and age group. 

Values are mean + standard error. W = White ethnicity; SA = South Asian ethnicity; B = Black 

ethnicity. * = significant age and ethnicity interaction (p<0.05).  

 

 

 


