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Abstract  

Although physical activity and sleep may influence each other, little is known about the 

bidirectional association of the two behaviors. Analyses included 38,601 UK Biobank participants 

(51% female, 55.7±7.6 years old, 6.9±2.2 years of follow-up). Physical activity was categorized 

by the weekly metabolic equivalent of task minutes (highly active: ≥ 1200; active: 600 to < 1200; 

inactive: < 600), and sleep patterns were determined using a composite score of healthy sleep 

characteristics: morning chronotype, adequate sleep duration (7-8 hr/d), never or rare insomnia, 

never or rare snoring, and infrequent daytime sleepiness. We categorized the sleep score into three 

patterns (healthy: ≥ 4; intermediate: 2-3; poor: ≤ 1). Multiple logistic regressions examined the 

association of baseline (or the temporal changes in) sleep/physical activity with physical 

inactivity/poor sleep at follow-up. Participants with an intermediate or poor sleep pattern at 

baseline had higher odds (adjusted odds ratio: 1.24 [1.17, 1.32] and 1.65 [1.45, 1.88], respectively) 

for physical inactivity at follow-up, compared to those with healthy sleep, while shifting to a 

healthy sleep pattern over time attenuated these adverse associations. Compared to individuals 

highly active at both time points, being physically inactive at baseline and reducing physical 

activity over time were both associated with higher odds for poor sleep at follow-up. In conclusion, 

sleep improvements over time benefitted physical activity at follow-up, while reduced physical 

activity had a detrimental effect on sleep patterns at follow-up. Our results provide scope for 

interventions to concurrently target physical activity and sleep.
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Introduction 

Both poor sleep and physical inactivity are modifiable lifestyle risk factors for non-communicable 

chronic diseases and mortality 1–3. Although increased physical activity may improve sleep while 

poor sleep may compromise physical activity through physiological and behavioral pathways, the 

evidence of the bidirectional associations between physical activity and sleep is sparse and 

equivocal 4–9.  

 

Systematic reviews of randomized controlled trials lasting one day to six months in diverse 

populations suggested that exercise interventions may not improve all sleep characteristics (e.g., 

sleep duration) in the short term 5,10, while sleep improvement interventions lasting up to nine 

months may not increase physical activity 4. The very few available longitudinal studies were also 

inconclusive regarding this bidirectional relationship 7,8, and observed different relationships 

depending on the sleep outcome examined 9. The heterogeneity of sleep characteristics used in 

different studies might hinder the interpretation of available literature 2,11. 

This study aimed to examine the longitudinal bidirectional association between sleep and physical 

activity using a repeated examination sub-sample of the UK Biobank. 

 

Methods 

Sample 

The UK Biobank is a prospective cohort recruiting adults across the UK between 2006 and 2010, 

with ethical approval by the National Research Ethics Service (Ref 11/NW/0382). 502,616 

participants provided consent and completed interviews, physical measurements, and 

questionnaires at the baseline visit, with details described elsewhere 12. Two repeated 

measurements occurred between 2012 and 2018. In this study, we considered participants 

completing at least one repeat measurement of both sleep and physical activity (n = 39,582). In 

total, 38,601 participants were eligible for further analyses after exclusion due to missing data on 

covariates or having inpatient sleep disorder records. 
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Measures 

Physical activity (weekly Metabolic Equivalent of Task, MET mins/wk) was quantified using the 

short-form International Physical Activity Questionnaire (IPAQ), which measured the duration 

and frequency of walking, moderate-intensity, and vigorous-intensity physical activity 13. 

Participants were categorized according to the World Health Organization physical activity 

guidelines based on MET min/wk into three groups (highly active, ≥ 1200; active, 600 to < 1200; 

inactive, < 600) 14. Sleep patterns were determined based on an established method 11. In brief, we 

categorized participants by how many healthy sleep characteristics (morning chronotype, adequate 

sleep duration (7-8 hr/d), never or rare insomnia, never or rare snoring, and infrequent daytime 

sleepiness) they displayed into three groups (healthy: ≥ 4; intermediate: 2-3; poor: ≤ 1). This 

method has shown its clinical utility for identifying high-risk sleep patterns for cardiovascular 

diseases over 8.5 years of follow-up 11. Potential confounders included age, sex, follow-up time, 

body mass index (BMI), socioeconomic status (Townsend area deprivation index), vegetable and 

fruit intake, shift work, cigarette smoking, alcohol consumption, mental health issues, and history 

of major cardiovascular disease and cancer. Models were mutually adjusted for baseline sleep or 

physical activity, as appropriate. 

 

Statistical Analysis 

Using multiple logistic regression, we examined the multivariate-adjusted association of baseline 

sleep patterns (or physical activity) with physical inactivity (or poor sleep) at follow-up, as a 

healthy sleep pattern (or high physical activity) serving as a reference. Another set of logistic 

regression examined the association of temporal changes in sleep patterns (or physical activity) 

with physical inactivity (or poor sleep) at follow-up, as maintaining a healthy sleep pattern (or 

highly active) at both time points serving as a reference. All the models were two-sided and 

performed using SAS 9.4 or R 3.6.3 software, as Dunnett’s correction was applied for multiple 

comparisons. 

 

Results 
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Table 1 shows the baseline sample characteristics stratified by sleep patterns (51% female, 

55.7±7.6 years old, 6.9±2.2 years of follow-up). At baseline, 22% of participants were physically 

inactive, and 4% of participants had a poor sleep pattern. Most participants remained highly active 

(48%) or maintained an intermediate sleep pattern (44%) over time. 23% of participants improved 

physical activity while 16% of participants reduced it; 15% of participants improved their sleep 

pattern, while sleep patterns deteriorated in 18% of the participants. 

 

At baseline, compared to participants with a healthy sleep pattern, those with either an intermediate 

or a poor sleep pattern showed higher odds for physical inactivity at follow-up (adjusted Odds 

Ratio (AOR): 1.24 [1.17, 1.32] and 1.65 [1.45, 1.88], respectively). There was an incremental 

decrease toward temporally improving sleep patterns in odds of physical inactivity at follow-up 

(Figure 1a). For example, compared to participants maintaining a healthy sleep pattern, those 

shifting from poor to healthy sleep showed no significant differences in odds of physically inactive 

at follow-up (1.20 [0.66, 2.18]). Compared to the highly active participants at baseline, their 

physically inactive counterparts had higher odds for poor sleep at follow-up (1.23 [1.10, 1.39]). 

Shifting to higher physical activity categories overtime reduced such an adverse association 

compared to maintaining highly active, despite not full attenuation (Maintaining inactive: 1.59 

[1.35, 1.87]; Inactive to active: 1.30 [1.05, 1.62]; Inactive to highly active: 1.24 [1.04, 1.49]) 

(Figure 1b). Decreasing physical activity from any level was also associated with higher odds of 

poor sleep at follow-up.  

 

In the sensitivity analyses, by applying baseline continuous weekly physical activity (MET min/wk) 

as an independent variable, each standard deviation more of physical activity (2656 MET min/wk) 

was associated with 5% lower odds for poor sleep at follow-up (0.95 [0.90, 1.00], p = 0.049). 

Besides, by extending the guidelines-based physical activity categorization (≥ 2400; 1800 to < 

2400; 1200 to < 1800; 600 to < 1200; <600 MET min/wk), compared to the most active group, 

there is an incremental increase in AOR of poor sleep toward physical inactive group (0.93[ 0.78, 

1.12], 1.19 [1.03, 1.39], 1.14 [0.99, 1.13], 1.28 [1.12, 1.46], respectively). 
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Discussion  

To our knowledge, this is the largest prospective study investigating the prospective bidirectional 

association between sleep and physical activity. Even when analyses were adjusted for potential 

confounders, poor sleep at baseline was associated with physical inactivity at follow-up and vice 

versa. Individuals shifting to a healthy sleep pattern over time were associated with higher physical 

activity at follow-up. Physical activity reductions over time were associated with poor sleep at 

follow-up regardless of the baseline physical activity level. Improving physical activity from 

baseline inactivity reduced the unfavorable association with poor sleep at follow-up. 

 

This study broadens the evidence base on this bidirectional relationship between sleep and physical 

activity by assessing a thorough sleep score comprising both duration and quality. We also 

highlighted the importance of measuring temporal changes in both lifestyle behaviors. There is a 

paucity of studies on the potential mechanisms through which the two behaviors influence each 

other. Physical activity might improve sleep by increasing cardiovascular fitness, regulating 

circadian rhythm, and ameliorating depressed mood 8,10,15, while adequate sleep might reduce 

physical inactivity by reducing daytime fatigue and sleepiness 4. In agreement with our results, 

Kim et al. (2019) reported that individuals maintaining an adequate sleep duration (7 hr/d) had 

higher physical activity levels at a 5.7-year follow-up, based on a small sub-sample of the UK 

Biobank study (n = 7,709) 7. Our results also highlight the potential value of both consistency and 

improvement in health behaviors by showing that decreasing physical activity from any level was 

associated with poor follow-up sleep, while increases in physical activity over time partially 

attenuated the unfavorable effect of baseline physical activity. 

 

Although the comprehensive sleep score allowed us to investigate the associations with physical 

activity from a broader perspective, our study has some limitations, such as the possibility of 

residual confounding, the lack of repeated-measured confounders and population 

representativeness, as well as the self-reported exposures which might introduce measurement 

errors and social desirability bias. In particular, over-reporting of physical activity and the 
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subsequent ceiling effect may compromise our ability to detect self-reported changes in physical 

activity. 

 

Conclusion 

Our results support interventions that concurrently target physical activity and sleep to enhance 

improvements in both health behaviors. Future studies with more sophisticated modeling and 

repeated device-based measurements of physical activity and sleep could shed further light on 

these bidirectional associations as well as the underlying explanatory mechanisms. 
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Figure Tiles and Footnotes 

Figure 1. The association of changes in (a) sleep/ (b) physical activity with follow-up (a) physical 

inactivity/ (b) poor sleep. 

Physical activity (MET-mins/wk) was categorized based on public health guidelines (highly active, ≥ 1200; 

active, 600 to < 1200; inactive, < 600). Sleep patterns were categorized based on the number of healthy 

sleep characteristics (healthy, 4~5; intermediate, 2~3; poor, 0~1). The model was adjusted for baseline 

outcome, age, sex, follow-up time, socioeconomic status, body mass index, vegetable and fruit intake, 

mental health issues, general health, shift work, cigarette smoking, alcohol consumption, and mutually 

adjusted for physical activity or sleep, as appropriate. Dunnett’s correction was applied for multiple 

comparisons. 
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Tables and Footnotes 

Table 1. The baseline characteristics of the present subsample (n = 38,601)  

a.  Weekly Metabolic Equivalent of Task (MET mins/wk) was quantified using the short-form 

International Physical Activity Questionnaire. 

b. Townsend area deprivation index assigns each participant a score based on postcodes, as higher the 

score representing greater the socioeconomic deprivation. 

Variables Value 

Age (mean (SD)) 55.7 (7.6) 

Female (n (%)) 19,713 (51) 

Follow-up (yr) (mean (SD)) 6.9 (2.2) 

Physical Activity (MET mins/wk) (mean (SD)) a 2428.8 (2655.6) 

Socioeconomic Status (mean (SD)) b -2.1 (2.6) 

BMI (kg/m2) (mean (SD)) 26.7 (4.3) 

Vegetable and Fruit Intake (serves/d) (mean (SD)) c 4.4 (2.8) 

Mental Health Issues (n (%)) d 12,756 (33) 

Cardiovascular Diseases/ Cancer History (n (%)) e 5,825 (15) 

Shift Work (n (%))  

Retired/not in the workforce 13344 (35) 

Employed not in shift work 21857 (57) 

Employed in night shift work 1742 (5) 

Employed in day shift work 1658 (4) 

Cigarette Smoking (n (%))   

Never 23314 (60) 

Previous Smoker 12893 (33) 

Current Smoker 2394 (6) 

Alcohol Consumption (n (%)) f  

Never 982 (3) 

Previous Drinker 884 (2) 

Occasional Drinker 7299 (19) 

Within Guideline 13878 (36) 

Above Guideline 9579 (25) 

Above Double Guideline 5979 (16) 

Physical Activity Level (n (%)) g  

Inactive 8321 (22) 

Active 7113 (18) 

Highly Active 23167 (60) 

Sleep Pattern (n (%)) h  

Poor 1,706 (4) 

Intermediate 22,771 (59) 

Healthy 14,124 (37) 
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c. Self-reported daily intake of fruit and vegetable consumption served as a proxy for dietary quality by 

asking, for example, “about how many pieces of fresh fruit would you eat per day?”. 

d. Mental health issues were defined as the self-reported history by asking, “have you ever seen a general 

practitioner (GP) for nerves, anxiety, tension, or depression?”. 

e. ICD 10-based inpatient cardiovascular diseases and cancer history. 

f. Self-reported alcohol consumption was converted into UK unit (1 unit = 10 mL alcohol) and further 

categorized based on the UK guideline (14 UK units/wk).  

g. The 600/1200 MET mins/wk guideline was used to categorize the physical activity level. 

h. Sleep patterns were categorized based on based the presence of five healthy characteristics (morning 

chronotype, adequate sleep duration (7-8 hr/d), never or rarely insomnia, no snoring, and infrequent 

daytime sleepiness): healthy, 4~5; intermediate, 2~3; poor, 0~1. 


