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Abstract
Aims: Sedentary behaviour (particularly TV viewing) is thought to be a risk factor for
cardiovascular disease. We employed a negative control outcome to explore if the

association between TV viewing and heart disease mortality is explained by confounding.

Methods: The sample was drawn from the UK Biobank study and comprised 479,658
participants (aged 56.5 + 8.0 yrs; 45.7% male) followed up over a mean 10.4 years. TV

viewing was measured from self-report.

Results: There were 1,437 ischemic heart disease (IHD) deaths, and 214 accidental deaths
(employed as the negative control outcome). TV viewing was related to the following
confounding variables: age, smoking, alcohol, diet, obesity, physical inactivity,
cardiovascular disease and education. The confounding structures were similar for both
outcomes. TV viewing (per hr/d) was associated with IHD (HR=1.30, 95% ClI, 1.27, 1.33)
and accidental death (HR=1.15; 1.07, 1.24) in unadjusted models. Associations were
attenuated for both outcomes and were considerably converged after adjustment for

confounders; IHD (1.09; 1.06, 1.12) and accidental death (1.06; 0.98, 1.15).

Conclusion: The pattern of results for TV with an implausible outcome mirrored that of IHD,
suggesting that observed associations between TV and heart disease are likely to be driven

by confounding.
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What is already known

e Observational data suggest an association between sedentary behaviour (particularly

TV viewing) and health outcomes.

What this study adds

¢ We employed a negative control outcome to explore if the association between TV
viewing and heart disease mortality is explained by confounding.

e The pattern of results for TV with an implausible outcome (accidental death) mirrored
that of heart disease.

e Observed associations between TV and heart disease are likely to be driven by

confounding.



Introduction

Sedentary behaviour has been linked to detrimental health effects although the area has
attracted debate due to inconsistencies in how the evidence base was developed and
interpreted.* Much of the early?® and ongoing*® work in this area used Television (TV)
viewing as a marker of sedentary behaviour. Indeed, TV viewing has been consistently
associated with risk of heart disease mortality in population cohort studies*®° after
adjustment for a range of confounding variables. These results, however, are difficult to
interpret as residual confounding remains a major concern and biological plausibility has not
been well established; that is, the mechanisms linking TV time and heart disease are largely
unknown as recent work showed that adjustment for biomarkers including lipids, glucose

control and inflammation did not substantially alter the associations.®

Statistical adjustment is a common technique to deal with confounding in observational
epidemiology, although key covariates are often not measured or measured with inaccuracy
(e.g., self-reported diet, underlying disease). Negative control comparisons are increasingly
recognised as a means of strengthening causal inference in observational study settings.* A
negative control reproduces a condition that cannot involve the hypothesized causal
mechanism but does involve the same sources of confounding that may bias the relevant
association. If, for example, TV viewing was comparably associated with an appropriate
negative control (implausible) outcome as with the primary (more plausible) outcome, this
suggests that the association with the primary outcome is generated through pervasive
confounding (e.g. is non-causal). We selected accidental death as a negative control
outcome as we believed that accidents would be randomly distributed in relation to TV

viewing habits yet display a similar confounding structure.

The aim was to explore if the association between TV viewing and ischemic heart disease
(IHD) mortality is explained by confounding through employing a negative control outcome in

a large population cohort.



Methods

Participants

Participants aged 40—69 years were recruited in 2006—2010 as part of the UK Biobank study
and attended one of 22 clinical assessment centers in England, Wales, and Scotland.?
Ethical approval was provided by the National Health Service, National Research Ethics

Service (Ref 11/NW/0382).

TV viewing and covariates

TV viewing was included as a single item during the touch screen questionnaire “In a typical
day, how many hours do you spend watching TV? If the time you spend watching TV varies
a lot, give the average time for a 24-hour day in the last 4 weeks.” Physical activity was
assessed using the International Physical Activity Questionnaire (IPAQ) short form?*® that
measures duration and frequency of moderate-to-vigorous physical activity from all domains
in the last week. Total Metabolic Equivalent (MET)-min per week was calculated from
walking, moderate and vigorous physical activity. Other data collected via self-report
included age, sex, smoking history (Never, ex-smoker, current), frequency of alcohol intake
(daily or almost daily, 1-2 times a week or monthly, never or almost never), fruit and
vegetable consumption (none, 1, 2, 3, 24 portions a day), educational attainment
(college/degree [216 yrs education]; A-level [13yrs education]; O-level [up to 11 years
education]; CSEs or equivalent; National Vocational Qualifications/ Higher National Diploma
or equivalent; other professional qualification; none), and self-reported physician diagnosed
heart disease and hypertension. Body weight was collected using a Tanita BC418MA body
composition analyser and nurses measured standing height using a Seca height measure
with the head positioned in Frankfort plane. Body mass index (BMI) was calculated as

[weight (kilograms)/height (meters) squared](kg/m?).



Mortality follow-up

Participants were flagged by the British National Health Service Central Registry and data
from death certificates was sent to UK Biobank on a quarterly basis.'* Diagnoses for the
primary cause of death were based on the International Classification of Diseases Tenth
(ICD-10) Revision. Codes for IHD mortality were 120-125. The negative control outcome,
accidental death, was identified from codes V01-X59 (excluding intentional self-harm [X60-
84], which could have plausible links with TV Viewing through possible mental health

pathways).

Statistical analysis

We present baseline descriptive characteristics of the sample by TV viewing category. Cox
proportional hazards regression was used to estimate associations of TV (continuous,
hr/day) with IHD mortality and the negative control outcome. We performed analyses in two
stages; firstly with models unadjusted, and secondly with models adjusted for age, sex,
smoking, education and prevalent cardiovascular disease. These covariates were selected
as they were commonly related with both IHD and negative control outcomes, and thus
could be tested as potential sources of confounding driving associations of TV viewing and
IHD. The proportional hazards assumption was examined by comparing the cumulative
hazard plots grouped on exposure, although no appreciable violations were noted. Data
were censored 16 February 2016 and the timescale for follow-up was years based on age

at death or censorship. Analyses were performed using SPSS version 22 (IBM Inc.).

Results

The initial sample comprised 502,616 participants, although after excluding missing data the
analytic sample was 479,658 men and women (aged 56.5 £ 8.0 yrs; 45.7% male). The

excluded participants did not substantially differ by sex (male 42.9%) or age (56.8+8.3 yrs).



There were 1,437 IHD deaths, and 214 accidental deaths over follow-up. Accidental deaths
largely comprised of traffic accidents (n=64), falls of varying causes (n=100), poisoning
(n=37), and other miscellaneous reasons such as assault. Participants reporting greater
daily TV time were older, displayed more lifestyle risk factors (more likely to be current
smokers, physically inactive, obese, consume less fruit and vegetables), report a higher

prevalence of cardiovascular disease, and were less likely to be degree educated (Table 1).

Several of these covariates were associated with both IHD and accidental death, including
age, male sex, smoking, education and prevalent cardiovascular disease (Table 2). That the
negative outcome shared a common confounding structure with our outcome of interest (IHD

mortality) confirmed that accidental death was an appropriate control.

TV viewing (per hr/d) was associated with IHD (HR=1.30, 95% ClI, 1.27, 1.33) and accidental
death (HR=1.15; 1.07, 1.24) in unadjusted models, and both associations displayed linearity
(see supplement). These associations were attenuated after adjustment for confounders
(age, sex, smoking, education and prevalent cardiovascular disease); IHD (HR=1.09, 95%
Cl, 1.06, 1.12) and accidental death (HR=1.06; 0.98, 1.15) with point estimates for the two

outcomes considerably converged compared to the unadjusted models.

We undertook several sensitivity analyses; firstly we considered other potential negative
outcome controls. A previous meta-analysis!® suggested sedentary behavior was unrelated
to cancers of the breast, rectum, ovaries, prostate, stomach, esophagus, testes, renal cell.
We therefore combined stomach and esophagus cancer mortality (ICD-10 C15/16 ; n=576
events) to employ as a second negative control. Stomach / esophagus cancer mortality was
related to key covariables including age, sex, smoking and education. In the unadjusted
model there was an association between TV and stomach / esophagus cancer mortality
(HR=1.18; 1.13, 1.24), although attenuated in multivariable analysis (HR=1.04; 0.98, 1.09).
Secondly in order to rule out another source of bias (reverse causation), we removed deaths

occurring in the first 2 years of follow up (h= 112 IHD; n=34 accidental deaths excluded)



although results were not changed; TV viewing (per hr-d) was associated with IHD
(unadjusted HR=1.28; 1.25, 1.32) and to a lesser extent with accidental death (HR=1.16;

1.06, 1.25).

Discussion

Numerous studies have suggested TV viewing (a marker of sedentary behaviour) is
associated with increased risk of heart disease*®® although the causal plausibility remains in
doubt. We replicated previous work by demonstrating an association between TV viewing
and the risk of IHD mortality in a large population cohort that persisted after adjustment for
covariates. However, we also demonstrated an association of similar magnitude between TV
viewing and accidental death, employed as a negative control outcome as such an
association would seem implausible. Given the similarity in the pattern of results between TV

viewing with IHD and accidental death, we interpret this as an effect of residual confounding.

TV viewing appears to be a general marker of an unhealthy lifestyle, for example, reflecting
smoking, poor diet, obesity, lack of exercise, and poor mental health.! In particular, TV
viewing is likely to replace time being physically active. Participants are likely to watch TV
sitting down, and sitting per se (or lack of muscle activity) has been directly linked to poor
health outcomes. Nevertheless, when sitting is disentangled from TV viewing using objective

assessment the evidence is mixed.6-18

Limitations should be noted. Firstly the negative control outcome suffered from limited
events, thus our interpretation of the results relied on the direction and magnitude of point
estimates, rather than statistical significance.® Our negative control was imperfect since the
confounding structure did not identically replicate that of TV-IHD. In addition, our list of
covariates was not exhaustive; if the observed association between TV and the negative
control was caused by an unmeasured confounder, which is not a confounder of the TV-IHD

association then this may have led to spurious interpretations. Lastly, a proportion of



accidental deaths were caused by falls and it is not inconceivable to link a sedentary lifestyle
with poorer physical function leading to the possibility of higher fall risk. Nevertheless,

physical activity was unrelated to accidental death. Negative control studies have potential to
improve causal inference but should be used in combination with emerging approaches such

as Mendelian Randomization.?°

In conclusion, TV viewing reflects a pattern of unhealthy behaviours otherwise known to be
associated with heart disease. This study suggests the association between TV viewing and

heart disease is likely influenced by confounding.
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Table 1. Characteristics of the sample at baseline (n=479,658)

TV viewing
Up to 1hr/d 1-2hr/d 2-3hr/d >3hr/d
(n=98,713) (n=128,673) (n=113,077) (n=139,195)
Age, yearszSD 54.4+8.1 55.318.1 56.9+7.9 58.8+7.6
Sex, % male 44.6 45.8 45.8 45.9
Crude Mortality /1000
IHD 2.2 2.2 3.0 5.5
Accidents 0.4 0.4 0.5 0.6

Cigarette smoking,%

Never 60.5 57.9 54.2 48.4

Ex-smoker 31.1 33.1 35.7 38.0

Current 8.4 9.0 10.1 13.6
Physical activity, % nonet 10.5 111 11.9 14.4
Fruit & vegetables, % none 7.1 7.9 9.1 12.2
Alcohol intake, % daily 23.2 21.5 20.3 17.6
Degree educated, % 54.1 38.9 27.6 16.2
Prevalent CVDZ, % 20.8 25.5 30.6 38.3
Body mass index, %

<18.5 kg/m? 0.8 0.5 0.4 0.3

18.5-249 45.0 35.3 29.1 22.6

25-29.9 39.1 43.3 44.7 43.5

=30 15.1 20.9 25.8 33.6

T defined as no moderate to vigorous physical activity lasting at least 10 min ; ¥ Prevalent

cardiovascular disease (CVD) defined as physician diagnosed angina, heart attack, hypertension.
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Table 2. The confounding structure of negative outcome control and heart disease mortality

outcomes.

Measured confounders

Accidental death

HR (95 % CI)

Ischaemic heart disease
HR (95 % CI)

Age (per year)

1.04 (1.03, 1.06)

1.11 (1.11, 1.12)

Sex

Female 1.0 (Ref) 1.0 (Ref)

Male 1.97 (1.49, 2.61) 5.31 (4.61, 6.11)
Smoking

Never 1.0 (Ref) 1.0 (Ref)
Ex-smoker 1.13(1.83, 1.54) 1.65 (1.46, 1.87)

Current smoker

3.02 (2.13, 4.27)

4.09 (3.56, 4.71)

Physical activity quartile (MET-min/wk)

1 (lowest) 1.0 (Ref) 1.0 (Ref)

2 0.82 (0.53, 1.26) 0.64 (0.55, 0.75)
3 0.98 (0.65, 1.48) 0.58 (0.50, 0.68)
4 (highest) 1.18 (0.80, 1.75) 0.63 (0.55, 0.73)
Alcohol intake

Daily 1.0 (Ref) 1.0 (Ref)

3-4 times a week
Once a week

1-2 a month
Special occasions
Never

0.75 (0.50, 1.12)
1.04 (0.72, 1.51)
0.75 (0.43, 1.29)
0.70 (0.40, 1.23)
1.63 (1.02, 2.60)

0.98 (0.84, 1.15)
1.20 (1.03, 1.40)
1.25 (1.01, 1.53)
1.71 (1.42, 2.06)
2.28 (1.89, 2.74)

Fruit & vegetables (daily serving)

None 1.0 (Ref) 1.0 (Ref)

1 0.80 (0.50, 1.29) 0.57 (0.48, 0.67)
2 0.67 (0.41, 1.09) 0.52 (0.44, 0.61)
3 0.74 (0.44, 1.23) 0.53 (0.44, 0.64)
4+ 1.08 (0.66, 1.77) 0.62 (0.52, 0.75)
Education

Degree 1.0 (Ref) 1.0 (Ref)
A-Level/O-level/GCE 1.84 (1.27, 2.68) 1.32 (1.14, 1.52)
HND/NVQ 1.43 (0.78, 2.62) 1.26 (1.02, 1.57)
Other 2.76 (1.60, 4.78) 1.24 (0.96, 1.61)
None 2.25(1.49, 3.42) 2.15 (1.86, 2.48)

Cardiovascular conditions
None

Heart disease
Hypertension

1.0 (Ref)
1.58 (0.99, 2.53)
1.34 (0.99, 1.82)

1.0 (Ref)
7.00 (6.14, 7.97)
1.86 (1.63, 2.12)

Body mass index, kg/m?
<18.5

18.5-24.9

25-29.9

=30

2.06 (0.50, 8.34)
1.0 (Ref)

0.67 (0.49, 0.92)
0.77 (0.54, 1.10)

2.20 (0.98, 4.95)
1.0 (Ref)

1.20 (1.03, 1.38)
2.10 (1.82, 2.43)

Hazard ratios (HR) are adjusted for age and sex
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