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Abstract  

Objective: To inform potential guideline development we investigated non-linear associations 

between television viewing time (TV time) and adverse health.  

Methods: 490,966 UK Biobank participants;	aged 37-73 years; recruited in 2006-2010; followed up 

until 2016-2018. Non-linear associations between self-reported TV time (h/day) and outcomes 

explored using penalised cubic splines in Cox proportional hazards adjusted for demographics and 

lifestyle. Population attributable and potential impact fractions calculated to contextualise TV time 

effects. Non-linear isotemporal substitution analyses used to investigate substituting TV time with 

alternative activities. Primary outcomes: mortality- all-cause, cardiovascular disease (CVD) and 

cancer; incidence- CVD and cancer; Secondary outcomes: incident myocardial infarction, stroke, 

heart-failure; colon, lung, breast, and prostate cancer. 

Results: Those with non-communicable disease (109,867[22.4%]), CVD (32,243[6.6%]), and cancer 

(37,81[7.7%]) at baseline excluded from all-cause mortality, CVD, and cancer analyses, respectively. 

After 7.0 years (mortality) and 6.2 years (disease incidence) mean follow-up, there were 10,306 

(2.7%) deaths, 24,388 (5.3%) CVD events, and 39,121 (8.7%) cancer events. Associations between 

TV time and all-cause and CVD mortality were curvilinear (Pnon-linear ≤0.003) with lowest risk 

observed <2h/day. Theoretically, 8.64% (95%CI 6.60-10.73) of CVD mortality is attributable to TV 

time. Limiting TV time to 2h/day, might have prevented, or at least delayed, 7.97% (95%CI 5.54-

10.70) of CVD deaths. Substituting TV time with sleeping, walking, moderate or vigorous physical 

activity was associated with reduced risk for all outcomes when baseline levels of substitute activities 

were low. 

Conclusion: TV time is associated with numerous adverse health outcomes. Future guidelines could 

suggest limiting TV time to less than 2h/day to reduce most of the associated adverse health.  

Abbreviations:  

CVD = Cardiovascular disease 
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NCD = Non-communicable disease  

PAF = Population attributable fraction 

PIF = Potential impact fraction 

TV time = television viewing time 
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INTRODUCTION 

Longer sedentary time is associated with adverse health outcomes.1 In high income countries, 

television viewing (TV) predominates discretionary sedentary behaviour.2,3 In the UK, individuals 

spend around 5h/day viewing audio-visual content across media devices, including 3.4h/day viewing 

TV (TV time).4 TV time is associated with increased risk of type 2 diabetes, cardiovascular disease 

(CVD), certain cancers, and all-cause mortality.5,6 TV time has a stronger association with adverse 

health than other sedentary behaviours (e.g. sitting at work, or whilst driving),7,8 possibly due to 

clustering of TV time with other risk factors, such as unhealthy diets,9 lower physical activity,10 and 

poor sleep.11 A stronger association may also be related to confounding by lower socioeconomic 

status,12 as well as improved recall of self-reported TV time compared with other sedentary 

behaviours,13 thereby reducing regression dilution bias.14  

While minimising sedentary time may have health benefits, current national guidelines do not yet 

provide recommendations for appropriate levels due to the under-developed evidence base.10,15 For 

similar reasons, no guidelines provide TV time recommendations. The TV time evidence base is 

limited partly due to the creation of ordinal or interval TV time variables, arbitrarily carving up what 

is likely to be a risk continuum. This is driven by a desire to provide clear public health messages but 

is also related to methodological limitations. Deriving and using categorical, as opposed to continuous 

variables, is often done to simplify analyses. However, categorising continuous data reduces precision 

through loss of data, increases the probability of Type I&II errors, and prevents visualisation of the 

underlying associations. Using continuous variables counters these limitations and provides clearer 

understanding of underlying associations.16,17 Previous meta-analyses examining non-linear 

relationships between sedentary behaviour or TV time and adverse health is based on categorical 

data.5,8,18  

We aimed to inform potential future TV time recommendations and provide a maximum TV time 

estimate by evaluating non-linear associations between TV time and a range of health outcomes and 

whether the associations differ by demographic and lifestyle factors. Population attributable fractions 



5	

	

were estimated to contextualise the importance of TV time as a modifiable lifestyle factor. Potential 

impact fractions were calculated to explore potential population benefits of limiting TV time. We used 

isotemporal substitution analysis to investigate theoretical benefits of replacing TV time with 

potentially healthier activities (sleeping, walking, moderate and vigorous physical activity). 

METHODS 

Study design and participants 

Data were from UK Biobank, a prospective cohort. 502,536 participants; aged 37–73 years; recruited 

from the general population by postal invitation between March 13th 2006-October 1st 2010. At 22 

locations across England, Scotland, and Wales, participants completed a self-administered, touch-

screen questionnaire and a nurse-led interview. Trained staff took measurements (e.g. height, weight, 

and blood pressure).19  

Exposure and covariates 

TV time was based on free text responses to the touchscreen question at recruitment, “In a typical day, 

how many hours do you spend watching TV?” Socio-demographic factors such as sex and ethnicity 

were self-reported. Townsend deprivation index, a measure of socioeconomic status (SES), is derived 

from residential postcode using data on unemployment, car and home ownership, and household 

overcrowding.20 

Height was measured to the nearest centimetre, using a Seca 202 stadiometer, and weight to the 

nearest 0.1 kg, using a Tania BC-418 body composition analyser. Body mass index (BMI; 

weight/height2) was defined using the World Health Organization’s categories. Physical activity was 

self-reported using the validated International Physical Activity Questionnaire.21 Hand grip strength 

was measured to the nearest 0.1 kg using a Jamar J00105 hydraulic hand dynamometer and mean 

values from both hands were used in analyses.   

Dietary intake of red meat, processed meat, oily fish, and fruit/vegetables was collected using the 

Oxford WebQ; a web-based, 24-hour recall questionnaire. Total calorie intake was estimated by 
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McCance and Widdowson’s ‘Composition of Foods. 7th edition’.22 Frequency of alcohol intake 

(operationalised as units/week) and smoking status were self-reported. The presence of non-

communicable disease (NCD; depression, bipolar disorder, schizophrenia, alcohol problems, 

substance abuse, eating disorders, cognitive impartment, dementia, Parkinson’s disease, chronic pain 

syndrome, chronic obstructive pulmonary disease, chronic asthma, chronic liver diseases, 

hypertension, heart disease, stroke, diabetes, inflammatory diseases, arthritis, and cancer) at baseline 

was based on self-report of a physician’s diagnosis verified at nurse-led interview. Medication for 

hypercholesterolaemia or hypertension was self-reported and confirmed at interview. 

Outcomes 

Primary outcome measures were mortality: all-cause, CVD and cancer; and incident (fatal and not-

fatal events) CVD and cancer. Secondary outcome measures were incident (fatal and non-fatal) 

myocardial infarction, stroke, heart failure, colon cancer, lung cancer, breast cancer, and prostate 

cancer.  

Death certificates within the National Health Service Information Centre (England and Wales) and the 

National Health Service Central Register Scotland (Scotland) provided dates of deaths. Date and 

cause of hospital admissions were obtained via record linkage to Health Episode Statistics (England 

and Wales) and Scottish Morbidity Records (Scotland). Further information about the data linkage 

can be found at http://content.digital.nhs.uk/services. The period at risk per participant began on the 

date of assessment. End of follow-up was recorded as the date of death or the date of end of follow-up 

for the assessment centre attended (31st January 2018 in Wales or England and 30th November 2016 

in Scotland), or the first date of hospitalisation for CVD or cancer outcomes, whichever came first. 

We defined incident CVD as a hospital admission or death with ICD-10 (International Classification 

of Diseases, 10th Revision) codes for ischaemic heart diseases (I20-25), stroke (I60, I61, I63, I64), 

heart failure (I50), and atrial fibrillation (I48) together. For incident cancer, we used ICD-10 codes for 

any malignant neoplasm (C00-C97). The following ICD-10 codes were used for secondary outcomes: 

incident myocardial infarction (I21); stroke (I60, I61, I63, I64), heart failure (I50); cancer: colon 

(D01.0); lung (D02.2); breast (D05); and prostate (D07.5). 
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Ethics 

The UK Biobank study was approved by the North West Multi-Centre Research Ethics Committee; 

participants provided written informed consent for data collection, analysis, and record linkage. This 

study is part of UK Biobank project 7155 (NHS National Research Ethics Service 16/NW/0274). 

Statistical analyses 

The main associations between TV time and health outcomes were examined using a non-linear Cox 

regression analysis. Non-linear association was modelled by penalised cubic splines with 5 equally 

spaced knots. Penalised spline is a variation of basis spline which achieves better estimation accuracy 

in non-linear data than the commonly used restricted cubic spline and is not heavily influenced by the 

number and location of knots.23 Median TV time of the sample was the reference point (HR=1). 

Likelihood ratio tests were used to examine the overall statistical significance and nonlinearity of TV 

time. To reduce the potential influence of reverse causality we performed landmark analyses with 

follow-up commencing two years after recruitment, excluding participants who had prior disease 

events. Further, we excluded individuals who self-reported relevant conditions at baseline for each 

outcome i.e. excluding those with NCDs at baseline from all-cause mortality analyses, those with 

CVD from CVD analyses, and those with cancer from cancer analyses. We also excluded participants 

with improbable TV time (>8 h/day). All results are reported as hazard ratios together with 95% 

confidence intervals. Analyses were adjusted for age, sex, ethnicity, deprivation index, month of 

assessment, height, systolic blood-pressure, medication for hypertension or hypercholesterolaemia, 

smoking, BMI category, physical activity, grip strength, alcohol intake, and intake of red meat, 

processed meat, oily fish, and fruit/vegetables. The selection of these covariates was based on the 

causal assumptions depicted in the directed acyclic graph (Appendix Figure 1).  

For sensitivity analyses, we examined for differences in strength of association across subgroups. For 

simplicity we assumed linear association in these analyses with the primary exposure being hour of 

TV time. Subgroups examined were: age (<60 vs. ≥60), sex, deprivation (< median vs. ≥ median), 

physical activity level (<1000 vs. ≥1000 MET[metabolic equivalent of task].minutes/week, grip 
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strength (< sex-specific median vs. ≥ sex-specific median), body height (< sex-specific median vs. ≥ 

sex-specific median), and BMI categories (normal vs. overweight/obese).  

To examine the risk of health outcomes associated with substituting TV time with alternative 

activities, we conducted an isotemporal substitution analysis. The alternative activities considered 

were: sleeping, walking, moderate, and vigorous physical activity.24 Each substitute activity was 

modelled separately as the primary exposure using penalised cubic spline to avoid making linearity 

assumption and were mutually adjusted. Similar to linear isotemporal substitution analysis, TV time 

was omitted from models while all alternative activities, as well as total time, were included as 

covariates to ensure any change in substitute activity was due to change in TV time. Median levels of 

alternative activities were set as the reference points (HR=1). Models were adjusted for the same 

covariates as the main analyses.  

To quantify the potential impact of TV time reduction, we estimated population attributable fractions 

(PAF) and potential impact factions (PIF) using the standard formula.25 Assuming causality, as 

recently supported by a mendelian randomisation study,26 PAF indicates the proportion of health 

outcomes reduction if all participants’ TV time was reduced to the level associated with lowest risk. 

Whereas our PIF analysis considered two hypothetical scenarios: limiting participants’ TV time to 3 

and 2h/day. PIF in this case indicates the proportion of health outcome reduction if participants with 

>3 and >2h/day of TV time reduced the time to 3 and 2h/day respectively. These provide the most 

optimistic scenarios for developing TV time guidelines at various thresholds. Statistical significance 

was set at α <.05 and all analyses were performed using R Statistical Software version 3.5.1 with the 

packages survival, mediation, and pifpaf. The proportional hazard assumption was verified by tests 

based on Schoenfeld residuals. 

RESULTS 

Of 502,536 recruited participants, 5,392 (1.1%) with missing and 2,388 (0.5%) with improbable TV 

time were excluded; 490,966 participants remained for analysis. 109,867 (22.4%) had prevalent 

NCDs at recruitment and were excluded for all-cause mortality analyses; 32,243 (6.6%) had prior 
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CVD and were excluded from CVD analyses; and 37,812 (7.7%) had prior cancer and were excluded 

from cancer analyses. By landmark analysis, mean follow-up up for mortality was 7.0 years (ranging 

from 5.4-9.9) and 6.2 years (ranging from 4.5-9.0) for disease incidence. Of participants included in 

respective analyses, 10,306 (2.7%) died, 24,388 (5.3%) developed CVD, and 39,121 (8.7%) 

developed cancer. 

Participants’ characteristics are shown in Table 1 using categories of TV time to aid cohort 

description. Participants in the highest category for TV time (>7 h/day) were more likely to be older, 

of lower SES, a smoker, overweight/obese, have higher blood pressure, report lower physical activity, 

and have lower grip strength than those who watched <1 h/day. These participants also tended to 

report lower intakes of fruit/vegetables, oily fish, and alcohol; and higher intakes of red and processed 

meat compared with the lowest TV time category. Approximately half of participants reported a TV 

time of ≤3 h/day. Appendix Figure 2 shows the distribution of TV time among participants. 

TV time was generally associated with higher risk of mortality and disease incidence, except for 

incident stroke, and colon, breast, and prostate cancers (Figure 1). Associations between TV time and 

incident CVD, incident myocardial infarction, stroke and heart failure, and all cancers were close to 

linear (Pnon-linear ≥.07). In contrast, the associations between TV time and all-cause and CVD mortality 

were curvilinear (Pnon-linear ≤.003) with minimum risk observed at <2h/day (Figure 1). 

 

[Insert Figure 1 here] 

 

Results of the non-linear isotemporal substitution analysis are shown in Figure 2. These findings 

indicate that the associated health benefits of substituting TV time depend on the baseline level of 

substitute activity. Generally, substituting TV time with more of any one of sleeping, walking, 

moderate or vigorous physical activity was associated with improvement for all outcomes when 

baseline levels of substitute activities were low. For example, for participants that reported walking 

0.5h/day, the associated all-cause mortality hazard ratio was 1 (HRwalking=0.5 = 1; Figure 2). 

Substituting 0.5h/day of TV time with 0.5h/day more walking for these participants was associated 
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with a 10% reduction in all-cause mortality risk (HRwalking=1 = 0.9). Whereas, for participants that 

reported walking 1h/day (HRwalking=1=0.9), substituting 0.5h/day of TV time with 0.5h/day more 

walking (HRwalking=1.5=0.9) was not associated with reduction in all-cause mortality risk. Replacing TV 

time with longer durations of sleep was associated with lower risk of all-cause, CVD, and cancer 

mortality when participants reported sleeping <6 h/day. Except for sleep, replacing TV time with any 

of the substitute activities had negligible effect when levels of the activity were high. Replacing TV 

time with sleep was associated with worse outcomes when sleep was reported >8-9 h/day. 

 

[Insert Figure 2 here] 

 

Moderators of the association between TV time and health outcomes are presented in Table 2. The 

association between TV time and all-cause mortality was stronger among: younger individuals; males; 

individuals of lower SES; and less physically active participants. Associations between TV time and 

incident CVD were stronger in younger participants, and the association between TV time and 

incident cancer was stronger among those who had lower dietary energy intake. There was no 

evidence for variation in the strength of associations between TV time and outcomes by grip strength 

or BMI category (Table 2).  

 

Population attributable (PAF) and potential impact fractions (PIF) of TV time are shown in Table 3. 

Assuming causal associations, 6.02% (95% CI 4.86 to 7.26) of all deaths, 8.64% (95% CI 6.60 to 

10.73) of CVD deaths, 6.62% (95% CI 5.39 to 7.97) of cancer deaths, 6.95% (95% CI 6.23 to 7.70) 

incident CVD disease, and 5.28% (95% CI 4.71 to 5.78) of incident cancer were attributable to TV 

time. Further, if all participants limited TV time to 2 h/day, 5.62% (95% CI 4.30 to 7.00) of all deaths 

and 7.97% (95% CI 5.54 to 10.70) of CVD deaths could have been prevented or delayed, which is 

equivalent to 93.4% of all deaths and 92.2% of CVD deaths associated with TV time. 

 

DISCUSSION 



11	

	

Our analysis of a large UK-based dataset shows a linear association between TV time and incident 

CVD, incident cancer and cancer mortality. Whereas associations between TV time and all-cause 

mortality and CVD mortality were curvilinear. This fits with previous meta-analyses which found 

non-linear relationships between TV time all-cause mortality,5,8,18 and between TV time and CVD 

mortality,8 but linear relationships between TV time and CVD incidence,5 and between TV time and 

cancer mortality.8  

In our study, the lowest risk for the majority of adverse health outcomes was between 0-2 h/day of TV 

time. Our estimate is lower than that previously identified however there are a number of limitations 

in previous meta-analyses examining non-linear associations. Grøntved et al. detected a significantly 

increased all-cause mortality risk at around 3h/day however this is based on only 4 studies with all-

cause mortality data.5 Sun et al.’s meta-analysis of 10 studies, examining all-cause-mortality only, 

also detected a higher threshold of increased risk at 4h/day.18 However, significant heterogeneity was 

identified among studies (I2 =66.7%). A meta-analysis of 34 prospective studies (29 studies with TV 

time data) by Patterson et al., also found higher thresholds of 3.5h/day of TV time for all-cause 

mortality and 4h/day for CVD mortality.8 However, there was substantial heterogeneity (I2 >50% for 

many outcomes) across included studies, which may have influenced the results. Specifically, there 

was significant variation in the measurement of TV time, most frequently measured as a self-reported 

categorical variable. Our results also suggest a potential J-shaped relationship between TV time and at 

least some adverse health outcomes (e.g. all-cause and CVD mortality; Figure 1) where 1.5 to 2h/day 

of TV time was associated with the lowest levels of risk. This finding could either represent imprecise 

estimation (thus wider confidence intervals) or a true protective effect of a small amount of TV time, 

which warrants further investigation.   

Our PAF estimates suggest that 6% of all deaths and between 5-9% of disease-specific incidence and 

mortality can be attributed to TV viewing. PAF estimates from Patterson et al. found 8% of all-cause 

mortality and 5% of both CVD and cancer mortality was associated with TV time.8 However, these 

estimates may be less accurate due to lack of TV time data from all countries included. Theoretically, 

because of the curvilinear association, our PIF estimates suggest limiting TV time to ≤2h/day could 
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prevent or delay the vast majority of deaths associated with TV viewing. However, the benefits of 

reducing TV time are likely to be dependent on the activities that replace TV time.27 Our isotemporal 

analysis shows, for those who sleep or exercise little, reducing TV time and replacing it with more 

sleep and physical activity are associated with the greatest reduction in mortality and morbidity risk.  

Biological mechanisms 

Causal pathways that explain associations between TV time and adverse health remains unclear. 

However, results from prospective cohorts are consistent with a pathway where TV time increases 

inflammatory mediators.28,29 Results of a genome-wide association study (GWAS) of objectively 

measured physical activity suggest that higher ‘overall activity’ might causally lower blood 

pressure.30 More recently, a combined GWAS and mendelian randomisation analysis found that TV 

time in UK Biobank was causally linked to coronary artery disease whereas the other sedentary 

behaviours (leisure computer use and driving) examined were not.26 While long term trials are 

lacking, results from short term trials support a causal link between sedentary time and health 

outcomes via glucose metabolism.31,32  

Our moderation analysis showed the adverse health associations were strongest among the most 

socioeconomically deprived with a significant interaction between TV time and deprivation for all-

cause mortality. This fits with previous research that demonstrated an interaction between deprivation 

and a broad range of lifestyle factors, including TV time.33  

Strengths and Limitations 

UK Biobank is a prospective cohort with linked routine health outcome data providing a unique 

resource to explore risks associated with TV time. UK Biobank’s large size allows analyses with 

sufficient statistical power despite excluding participants with self-reported NCDs at baseline or with 

events within 2 years of recruitment. These analyses reduce the chance that results are due to reverse 

causality (i.e. poor health leading to longer TV time and adverse outcomes). Nevertheless, reverse 

causality remains a possible explanation. Due to the lack of evidence for the effect of individual 

disease on TV viewing, we grouped the comorbidities as a binary variable. Our analyses, performed 
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with TV time as a continuous variable to estimate associated risks, clarifies underlying associations 

and provides more accurate estimates of PAFs and PIFs.34 However, PAF and PIF are theoretical 

estimates that rely on assumptions, such as a lack of bias in study design and that reducing TV time 

does not affect other risk factors.35 UK Biobank’s low response rate (5%) and over-representation of 

affluent participants and those from a white ethnic background compared with the UK general 

population means prevalence estimates are not generalisable to the UK general population.36 however, 

both socioeconomic deprivation and non-white ethnicity are associated with longer TV time.37,38 

Therefore, our PAF estimates could represent an underestimate for the general population.  

Our isotemporal substitution analysis assumes that individuals are able to make healthy replacement 

choices, however some lifestyle factors may lie outside an individual’s control especially when 

considering the wider socioeconomic environment.39 For example, living conditions can influence 

sleep duration.40 

All self-reported data have limitations and we are unable to quantify the effect that both intentional 

and non-intentional factors at participant-level may have had on the accuracy of UK Biobank’s self-

reported data.41,42 For example, the dietary variables used here are categorical and we are unable 

exclude potential outliers or implausible values due to the nature of the data. Therefore, our results 

may have been influenced by unknown inaccuracies in the self-reported data. However, recall-based 

assessment methods remain reasonable representations for health behaviours with alternative biases 

and problems inherent in observed assessment methods.43,44 Some self-reported exposures and 

covariates captured by UK Biobank at baseline will have changed during follow up (e.g. average TV 

time may have reduced for some individuals) and our results do not account for these changes.  

Although frequently more accurate than other self-reported sedentary time measures,13 TV time, like 

other self-reported factors, is often under-reported,45,46 and we cannot exclude self-report bias in our 

results. The UK Biobank single-item question for TV time, although not validated, is based on 

previous research.7 TV time in this study does not differentiate between TV time that is physically 

active versus inactive. Active TV time is time spent watching TV whilst simultaneously being 

physically active; e.g. treadmill TV time) and active TV time may have attenuated the observed 
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associations with adverse health seen here. Additionally, TV time is just one of an array of potentially 

modifiable sedentary behaviours. However, TV time likely bears unique risks to health and therefore 

warrants investigation.  

A constellation of factors likely mediate, moderate, and or confound relationships between TV time 

and adverse health and it is not possible to adjust for all of these factors. For example, many of the 

comorbid conditions have low prevalence and adjusting for them mutually would create a 

multicollinearity issue. However, we propose, a pragmatic approach, accepting that it may be because 

of these closely linked factors that limiting TV time could confer health benefits. Furthermore, there 

are potential benefits of TV time, for example, in education,47 or improving understanding,48 that 

should be noted within a TV time recommendation.  

Conclusion 

Our findings support a recommendation that the UK adult population limit TV time to <2h/day. 

Recommendations for TV time could also advise that any reduction in TV time coincides with 

increasing time spent in healthier alternatives to ensure positive replacement effects.  
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FIGURES AND FIGURE LEGENDS 

 

Figure 1. Associations between TV time and all-cause mortality, cardiovascular mortality and 
incidence, and cancer mortality and incidence. 

[Insert Figure 1 here] 

Hazard ratio (HR) represented by bold line; 95% confidence interval represented by shaded area. 
Models adjusted for age, sex, ethnicity, deprivation index, height, systolic blood pressure, medication 
for hypercholesterolaemia or hypertension, smoking, BMI categories, physical activity, grip strength, 
alcohol drinking, and dietary intake of red meat, processed meat, oily fish, and fruit/vegetables. 

 

 

Figure 2.  Associations between TV time and all-cause mortality, CVD mortality, incident CVD, and 
incident cancer for non-linear isotemporal substitution analysis: TV time replaced with sleeping, 
walking, moderate physical activity, and vigorous activity. 

 
[Insert Figure 2 here] 

Hazard ratio (HR) represented by bold line; 95% confidence interval represented by shaded area. For 
each graph, the horizontal axis indicates the time of substitute activity (h/day). Interpretation is aided 
by considering a change in position along the horizontal axis. For example, for an increase in 
substitute activity of 1h/day there is a corresponding 1h/day reduction in TV time. 
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TABLES 

 
Table 1. Baseline cohort characteristics (n=490,966) 
 
  TV time (Hours of television viewing per day) 

  
<1 

16,026 (3.26) 
1-2 

217,820 (44.37) 
3-4 

195,006 (39.72) 
5-6 

54,471 (11.09) 
≥7 

7,643 (1.57) 
Mean (SD) age, years 55.09 (8.05) 54.90 (8.12) 57.57 (7.84) 59.40 (7.41) 59.07 (7.61) 
Sex           
  Female 9069 (56.59) 119073 (54.67) 106491 (54.61) 29504 (54.16) 3983 (52.11) 
  Male 6957 (43.41) 98747 (45.33) 88515 (45.39) 24967 (45.84) 3660 (47.89) 
Ethnicity            
  White 14732 (92.72) 204458 (94.20) 185788 (95.54) 51491 (94.81) 7084 (93.06) 
  South Asian 340 (2.14) 5139 (2.37) 3096 (1.59) 780 (1.44) 143 (1.88) 
  Black 305 (1.92) 3116 (1.44) 2735 (1.41) 1172 (2.16) 221 (2.90) 
  Chinese 91 (0.57) 827 (0.38) 466 (0.24) 122 (0.22) 18 (0.24) 
  Mixed background 147 (0.93) 1287 (0.59) 1054 (0.54) 304 (0.56) 65 (0.85) 
  Others 273 (1.72) 2215 (1.02) 1332 (0.68) 440 (0.81) 81 (1.06) 
Socioeconomic status           
  High  3906 (24.40) 77912 (35.82) 66956 (34.38) 15130 (27.81) 1409 (18.47) 
  Middle  4732 (29.55) 73580 (33.83) 66821 (34.31) 17280 (31.76) 1912 (25.07) 
  Low 7373 (46.05) 66037 (30.36) 60999 (31.32) 22001 (40.43) 4307 (56.46) 
Mean (SD) height, m 1.69 (0.09) 1.69 (0.09) 1.68 (0.09) 1.67 (0.09) 1.67 (0.09) 
Mean (SD) systolic blood pressure, mm Hg 133.24 (18.86) 135.60 (18.43) 139.51 (18.53) 141.34 (18.72) 140.83 (19.08) 
Smoking status           
  Never 9193 (57.56) 128612 (59.21) 102572 (52.81) 25302 (46.67) 3068 (40.39) 
  Former 4979 (31.18) 70025 (32.24) 70816 (36.46) 21108 (38.94) 2858 (37.63) 
  Current 1799 (11.26) 18560 (8.55) 20832 (10.73) 7803 (14.39) 1670 (21.99) 
Mean (SD) BMI, kg/m2 25.63 (4.50) 26.57 (4.42) 27.90 (4.75) 29.05 (5.26) 29.93 (5.96) 
BMI categories           
  Underweight 226 (1.42) 1371 (0.63) 722 (0.37) 192 (0.36) 42 (0.56) 
  Normal 7856 (49.30) 85426 (39.39) 53900 (27.76) 11290 (20.88) 1358 (18.03) 
  Overweight 5545 (34.80) 90050 (41.52) 86423 (44.51) 22966 (42.47) 2879 (38.23) 
  Obese 2309 (14.49) 40027 (18.46) 53113 (27.36) 19625 (36.29) 3251 (43.17) 
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Mean (SD) MET-min per week 2788.82 (2514.77) 2619.70 (2410.09) 2675.20 (2509.54) 2385.34 (2360.85) 1894.37 (2081.33) 
Mean (SD) grip strength, kg  30.69 (10.52) 31.47 (10.90) 30.30 (11.09) 28.83 (10.97) 27.59 (10.78) 
Mean (SD) dietary intake per week      
  Portions of fruit/vegetables  4.67 (2.93) 4.26 (2.43) 4.03 (2.36) 3.85 (2.53) 3.59 (2.73) 
  Portions of red meat  1.83 (1.56) 2.02 (1.40) 2.17 (1.44) 2.27 (1.55) 2.35 (1.79) 
Frequency of processed meat intake      
  Never 3249 (20.34) 23626 (10.86) 15027 (7.72) 3512 (6.47) 514 (6.76) 
  Less than once a week 5319 (33.30) 69902 (32.14) 58440 (30.02) 14492 (26.68) 1691 (22.24) 
  Once a week 3686 (23.08) 62920 (28.93) 58596 (30.10) 16030 (29.51) 2074 (27.28) 
  2-4 times a week 3076 (19.26) 53491 (24.60) 55061 (28.29) 17610 (32.42) 2747 (36.13) 
  5-6 times a week 480 (3.01) 6050 (2.78) 6008 (3.09) 2087 (3.84) 453 (5.96) 
  Once or more daily 163 (1.02) 1484 (0.68) 1524 (0.78) 582 (1.07) 125 (1.64) 
Frequency of oily fish intake           
  Never 1902 (11.94) 20799 (9.58) 21274 (10.97) 7582 (14.05) 1383 (18.37) 
  Less than once a week 4900 (30.76) 70740 (32.60) 64847 (33.44) 18656 (34.56) 2572 (34.17) 
  Once a week 5666 (35.56) 84952 (39.15) 73282 (37.79) 19034 (35.26) 2409 (32.00) 
  2-4 times a week 3184 (19.98) 38328 (17.66) 32884 (16.96) 8264 (15.31) 1070 (14.21) 
  5-6 times a week 215 (1.35) 1667 (0.77) 1203 (0.62) 314 (0.58) 67 (0.89) 
  Once or more daily 65 (0.41) 523 (0.24) 405 (0.21) 129 (0.24) 27 (0.36) 
Frequency of alcohol drinking       
  Daily or almost daily 3807 (23.79) 48151 (22.12) 38079 (19.54) 9148 (16.82) 1126 (14.77) 
  3-4 times a week 3266 (20.41) 54616 (25.09) 44416 (22.79) 10460 (19.23) 1154 (15.13) 
  Once or twice a week 3291 (20.56) 54876 (25.21) 52316 (26.85) 14351 (26.38) 1885 (24.72) 
  1-3 times a month 1616 (10.10) 22895 (10.52) 22648 (11.62) 6673 (12.27) 846 (11.10) 
  Special occasions only 1938 (12.11) 21351 (9.81) 22937 (11.77) 8358 (15.36) 1466 (19.23) 
  Never 2086 (13.03) 15795 (7.26) 14469 (7.43) 5411 (9.95) 1148 (15.06) 
Self-reported CVD diagnosis 778 (4.85) 9918 (4.55) 14281 (7.32) 6058 (11.12) 1208 (15.81) 
Self-reported cancer diagnosis 1161 (7.27) 14836 (6.83) 15971 (8.22) 5085 (9.38) 759 (9.99) 
Data are n (%) or mean (standard deviation; SD) for categorical and continuous variables, as appropriate. MET=metabolic equivalent of task.  
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Table 2. Association of TV time on all-cause mortality, CVD incidence, and cancer incidence stratified by sociodemographic and behavioural factors 

 
  All-cause mortality Incident CVD  Incident cancer 
  HR (95% CI) PInteraction HR (95% CI) PInteraction HR (95% CI) PInteraction 
Age  .04  <.001  .73 

< 60 1.08 (1.05, 1.11)  1.07 (1.05, 1.09)  1.03 (1.01, 1.05)  
≥ 60 1.04 (1.02, 1.06)  1.02 (1.01, 1.04)  1.02 (1.01, 1.04)  

Sex  .008  .40  .93 
Female 1.03 (1.01, 1.06)  1.03 (1.01, 1.05)  1.02 (1.01, 1.04)  
Male 1.06 (1.04, 1.08)  1.04 (1.03, 1.06)  1.03 (1.02, 1.04)  

Deprivation index  <.001  .44  .13 
≤ median 1.02 (0.99, 1.04)  1.05 (1.03, 1.07)  1.01 (1.00, 1.03)  
> median 1.08 (1.06, 1.10)  1.03 (1.01, 1.04)  1.03 (1.02, 1.05)  

Daily energy intake  .41                   .83                 <.001 
< 2000 (F) / 2500 (M) 1.06 (1.02, 1.10)  1.02 (1.00, 1.05)  1.05 (1.03, 1.07)  
≥ 2000 (F) / 2500 (M) 1.04 (0.99, 1.10)  1.03 (1.00, 1.06)  0.99 (0.97, 1.01)  

MET minutes / week  .03  .10  .36 
< 1000 1.07 (1.04, 1.10)  1.05 (1.03, 1.07)  1.02 (1.00, 1.03)  
≥ 1000 1.04 (1.02, 1.06)  1.03 (1.02, 1.05)  1.03 (1.02, 1.04)  

Grip strength  .63  .27  .64 
≤ sex-specific median 1.05 (1.03, 1.07)  1.04 (1.03, 1.06)  1.02 (1.01, 1.03)  
> sex-specific median 1.05 (1.02, 1.08)  1.03 (1.01, 1.05)  1.03 (1.01, 1.04)  

BMI categories  .43  .97  .68 
Normal 1.07 (1.03, 1.10)  1.04 (1.01, 1.07)  1.04 (1.02, 1.05)  
Overweight/obese 1.06 (1.04, 1.08)  1.05 (1.03, 1.06)  1.02 (1.01, 1.03)  

 

Adjusted for age, sex, ethnicity, deprivation index, height, systolic blood pressure, medication for hypercholesterolaemia or hypertension, smoking, BMI 
categories, physical activity, grip strength, alcohol drinking, and dietary intake of red meat, processed meat, oily fish, and fruit/vegetables. Daily energy 
intake measured in calories: cut offs at 2000 for female (F) and 2500 for male (M). CVD=cardiovascular disease; HR=hazard ratio for each hour of TV time; 
CI=confidence interval  
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Table 3. Population attributable fractions and potential impact fractions of TV time 

 
Potential Impact Fraction,  
% (95% CI) 

 Population 
Attributable 
Fraction, % (95% 
CI) 

≤ 3 hours ≤ 2 hours 

All-cause mortality  6.02 (4.86–7.26) 3.26 (2.30–4.21) 5.62 (4.30–7.00) 
Cardiovascular disease mortality 8.64 (6.60-10.73) 5.35 (3.60–7.03) 7.97 (5.54-10.70) 
Cancer mortality  6.62 (5.39–7.97) 2.37 (1.34–3.46) 4.55 (3.04–6.10) 
Incident cardiovascular disease 6.95 (6.23–7.70) 1.69 (1.03–2.30) 3.49 (2.61–4.40) 
Incident cancer 5.28 (4.71–5.84) 1.32 (0.85–1.80) 2.61 (1.90–3.37) 

Based on the HRs shown in Figure 1 and the distribution of TV time in UK Biobank. CI=confidence interval 
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