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Abstract

Introduction—TV viewing is the most prevalent sedentary behavior and is associated with
increased risk of cardiovascular disease and cancer mortality, but the association with other
leading causes of death is unknown. This study examined the association between TV viewing and
leading causes of death in the U.S.

Methods—A prospective cohort of 221,426 individuals (57% male) aged 50-71 years who were
free of chronic disease at baseline (1995-1996), 93% white, with an average BMI of 26.7
(SD=4.4) kg/m? were included. Participants self-reported TV viewing at baseline and were
followed until death or December 31, 2011. Hazard ratios (HRs) and 95% Cls for TV viewing and
cause-specific mortality were estimated using Cox proportional hazards regression. Analyses were
conducted in 2014-2015.

Results—After an average follow-up of 14.1 years, adjusted mortality risk for a 2-hour/day
increase in TV viewing was significantly higher for the following causes of death (HR [95% CIl]):
cancer (1.07 [1.03, 1.11); heart disease (1.23 [1.17, 1.29]); chronic obstructive pulmonary disease
(1.28 [1.14, 1.43]); diabetes (1.56 [1.33, 1.83]); influenza/pneumonia (1.24 [1.02, 1.50]);
Parkinson disease (1.35 [1.11, 1.65]); liver disease (1.33 [1.05, 1.67]); and suicide (1.43 [1.10,
1.85]. Mortality associations persisted in stratified analyses with important potential confounders,
reducing causation concerns.

Conclusions—This study shows the breadth of mortality outcomes associated with prolonged
TV viewing, and identifies novel associations for several leading causes of death. TV viewing is a
prevalent discretionary behavior that may be a more important target for public health intervention
than previously recognized.
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Trial Registration—Clinical Trials.gov number, NCT00340015

Introduction

Methods

TV viewing is the most prevalent leisure-time behavior in the U.S. and an estimated 289
million Americans (92%) have a TV at home.! On a given day, 80% of American adults
watch TV for an average of 3.5 hours per day, which is more than half (55%) of their
available leisure time.2 In the past 10 years, a growing body of evidence has linked
prolonged TV viewing to poor health. A 2011 meta-analysis showed that each 2-hour
increase in TV viewing was associated with a 13% increased risk of all-cause mortality.3

To date, TV viewing and mortality studies have focused on the two leading causes of death,
cardiovascular disease (CVD) and cancer, which account for only half of all deaths in the
U.S.45 TV viewing has consistently been linked with increased risk of CVD mortality, 48
even among individuals exceeding current recommendations for moderate to vigorous
physical activity (MVPA).> Associations with cancer mortality have been less consistent.~7
Whether TV viewing is associated with causes of death other than CVD and cancer is not
yet established. The displacement of physical activity by prolonged TV viewing has been
hypothesized to explain the positive association between TV and diabetes and
cardiometabolic biomarkers.®-11 TV viewing has also been prospectively associated with
poor mental health2 and depression.13:14 Quite plausibly, TV viewing may be linked to
other leading causes of death, though this has not, to our knowledge, been examined.

The present study examined the association between TV viewing and the leading causes of
death in the U.S. A better understanding of the causes of death associated with prolonged
TV viewing may suggest new hypotheses related to the deleterious health effects of
sedentary behavior and may help inform future public health recommendations.

The NIH-AARP Health Study (ClinicalTrials.gov number, NCT00340015) has been
described previously.1® In 1995-1996, 3.5 million AARP members aged 50-71 years who
lived in one of six states (California, Florida, Louisiana, New Jersey, North Carolina, and
Pennsylvania) or two metropolitan areas (Atlanta, Georgia and Detroit, Michigan) were
mailed a questionnaire asking about their medical history, diet, and demographic
characteristics. Of the 566,401 participants who initially responded, those who did not report
colon, breast, or prostate cancer were asked to complete a second questionnaire 6 months
later that asked about TV viewing and other health behaviors. Completion of the
questionnaires was considered to imply informed consent. The Special Studies IRB of the
U.S. National Cancer Institute approved the study.

Eligible participants were those who responded to both questionnaires, were alive, and had
not moved from the study area before returning the second questionnaire (N=334,921).
Those who indicated they were proxies for the intended respondents (n=10,383); a prior
history of cancer (n=18,863), heart disease or stroke (n=45,752), or emphysema (n=5,709);
missing or extreme BMI values (<18.5 or =60 kg/m?; n=7,874); missing TV viewing or
MVPA (n=4,103); or had extreme log-transformed energy intake values (n=1,844) were
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excluded. To further address reverse causation concerns we eliminated those who reported
“poor” or “fair” health (n=18,951), resulting in a final analytic cohort of 221,426.

Exposure Assessment

TV viewing was assessed using a questionnaire that asked: During a typical 24-hour period
over the past 12 months, how much time did you spend watching television or videos?
Responses were categorized as 0-1, 1-2, 3-4, 5-6, and =7 hours/day. Validity of this
question has not been evaluated, but it is similar to questions that have acceptable validity
compared to behavioral logs (r =0.61)16 and an electronic TV monitor (r =0.51).17

Mortality Outcomes

Covariates

Follow-up of participants was completed via annual linkage to the U.S. Postal Service’s
National Change of Address database, through processing undeliverable mail, using address
change services, as well as participant notifications. Vital status ascertainment was
performed by annual linkage of the cohort to the Social Security Administration Death
Master File. Verification of vital status and cause of death were obtained by searches of the
National Death Index (NDI) Plus and was available for >95% of the cohort.

We categorized the leading causes of death in the U.S. using the same classification
approach employed by the National Center for Health Statistics for vital status reporting8
based on the causes of death provided by the NDI. The specific ICD-9 and ICD-10 codes
used to classify each outcome are provided in Appendix Table 1: malignant neoplasms
(cancer); diseases of the heart (CHD); chronic obstructive pulmonary disease and allied
conditions (COPD); cerebrovascular disease (stroke); accidents and adverse effects
(accidents); Alzheimer disease; diabetes mellitus (diabetes); nephritis, nephrotic syndrome,
and nephrosis (kidney disease); influenza and pneumonia; intentional self-harm (suicide);
septicemia (sepsis); chronic liver disease and cirrhosis (liver disease); essential hypertension
and hypertensive renal disease (hypertension); and Parkinson disease.

Numerous self-reported covariates were evaluated as potential confounders and are listed
and defined in Table 1. Diet was assessed using a 124-item food frequency questionnaire,
and the Healthy Eating Index 2005 (HEI-2005) was used as a measure of overall diet
quality.20

Statistical Analysis

Covariates that changed the magnitude of associations by at least 10% with all-cause
mortality were retained in the fully adjusted models.

Model 1 adjusted for age (years), sex (male or female), race (white, black, other, or
missing), education (<12 years, high school graduate, some college, college graduate, or
missing), smoking history (never; quit, <20 cigarettes/day; quit, >20 cigarettes/day; current,
<20 cigarettes/day; current, >20 cigarettes/day; or missing), and diet quality (HEI-2005
score quintiles) and MVPA (never or rarely, 1, 1-3, 4-7, or =7 hours/week).
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Model 2 included covariates from Model 1 plus two variables that may could be considered
confounders or potential causal intermediaries between TV viewing and morality: BMI
(18.5-<25, 25-<30, 3035, or >35 kg/m?) and self-reported health status (good, very good,
or excellent).

For each of the mortality outcomes, Cox proportional hazards regression was used to obtain
the adjusted hazard ratios (HRs) and 95% Cls for each of the five categories of TV viewing
using the lowest category as the referent. Given the higher proportion of the population in
the 1-2 hour/day category, we conducted a sensitivity analysis with that group as the
referent. To test for linear trend, we translated the categorical responses to hours/day using
the midpoints of the duration interval indicated for each response option. We then divided
these values by two and employed this version of the response as a continuous variable in
our models. The regression coefficients were then in units that are interpreted as a 2-
hour/day increase in risk. The underlying time variable was calculated from the scan date on
the second questionnaire until death from any cause or the end of the follow-up on
December 31, 2011. The proportional hazards assumption was tested by examining the
interaction between follow-up time and TV viewing.

Additional analyses examined effect modification of TV viewing by strata of sex, age
quartiles, BMI, education, MVPA, diet quality, smoking, marital status, diabetes,
hypertension, cholesterol, and health status for the 11 other causes of death (excluding CVD
and cancer). To assess whether the associations for TV and mortality persisted in physically
active individuals, multiplicative interactions for MVPA (active =4 hours/week and inactive
<4 hours/week) and TV viewing (low, <2 hours/day; medium, 3—-4 hours/day, and high, >5
hours/day) and joint effects by setting a common referent group (i.e., low TV and active)
were performed. Statistical significance of the interactions for subgroups and activity status
were assessed using likelihood ratio tests comparing Cox proportional hazards models with
and without cross-product terms for each level of the baseline stratifying variable, with TV
viewing as a continuous variable. Sensitivity analyses were completed excluding deaths in
the first 3 years of follow-up and among never smokers. SAS, version 9.3 was used for all
analyses and statistical significance was set at p<0.05. Analyses were conducted in 2014—
2015.

At baseline, those who watched more TV were less likely to have attended college, sleep at
least 7 hours/night, or have high cholesterol. Higher TV viewers tended to consume more
calories and alcohol, were more likely to be obese (BMI >30 kg/m?), smokers, and have
diabetes or hypertension (Table 1). The Spearman correlation between TV viewing (hours/
day) and MVPA (hours/week) was 0.06. During a mean of 14.1 (SD=2.2) years of follow-
up, there were 36,590 deaths (Table 2). All-cause mortality risk was increased by 14% per
2-hour/day increase in TV viewing (p<0.001). The average age of death for <1 hour/day
(73.9 [SD=6.4] years) was similar to the >7 hours/day category (74.8 [SD=6.0] years). There
was a modest violation of the proportional hazards assumption, indicating a difference in the
association between TV viewing and all-cause mortality at different follow-up times,
although risk was significantly elevated at both time points (p<0.001). The deviation
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occurred at 6 years of follow-up, with risk estimates <6 years of (HR [95% CI]) 1.21 (1.16,
1.28) and for =6 years of 1.12 (1.09, 1.15). Additional information is found in the Appendix.

of TV Viewing With Leading Causes of Death

When examined on a continuous basis, each 2-hour/day increase in TV viewing was
significantly associated with an increased risk of mortality for eight causes of death after
adjusting for covariates in Model 2: cancer (1.07 [1.03, 1.11]); CHD (1.23 [1.17, 1.29]);
COPD (1.28 [1.14, 1.43]); diabetes (1.56 [1.33, 1.83]); influenza/pneumonia (1.24 [1.02,
1.50]); Parkinson disease 1.35 [1.11, 1.65]); liver disease (1.33 [1.05, 1.67]); and suicide
(1.43[1.10, 1.85]) (Figure 1). Results for five causes of death were non-significant: sepsis
(1.22 [0.97, 1.52]); kidney disease (1.18 [0.95, 1.47]); hypertension (1.21 [0.92, 1.59]);
Alzheimer disease (1.12 [0.95, 1.31]); accidents (0.96 [0.83, 1.12]); and stroke (1.03 [0.93,
1.15]). There was no cause of death where TV viewing was protective. In the model without
potential causal intermediaries (health status and BMI, Model 1), mortality risk was
significantly increased for three additional causes of death (kidney, hypertension, and sepsis,
Table 2), and the associations tended to be stronger. Influenza/pneumonia was the only
cause of death where the mortality risk from TV viewing differed by sex (pjh= 0.03), with
stronger associations in women (Appendix Figure 1). In the categorical analyses, elevation
in risk was initially observed for most outcomes at 3—4 hours/day of TV viewing (Table 2),
compared with those watching <1 hour/day. When the 1-2 hours/day category was set as
referent, the results were similar, though the precision of the estimates was improved
(Appendix Table 2). Age- and sex-adjusted models are shown in Appendix Table 3.

Subgroup and Sensitivity Analyses

To investigate potential confounding and reverse causation, stratified analyses were
conducted for the combined mortality outcome for other causes of death (i.e., excluding
CVD and cancer), which included 6,824 (18.5%) deaths. The positive association between
TV viewing and the combined causes of death were consistent across relevant subgroups
(Figure 2). There was no interaction between TV viewing and age, MVPA, education, diet
quality, marital, health, smoking, hypertension, or diabetes status. Risk estimates for TV
viewing were higher in leaner individuals (p=0.03) and those without high cholesterol
(p=0.01). Excluding the first 3 years of follow-up and limiting the sample to never smokers
resulted in similar risk estimates (Appendix Table 4).

Joint Effects With Moderate to Vigorous Physical Activity

There was no significant interaction between MVPA and TV viewing (all p>0.05),
indicating the detrimental effects of TV viewing were similar in active and inactive
individuals. The joint effects of TV viewing and MVPA are shown Figure 3 for nine causes
of death where a significant main effect of TV viewing was found. For the four leading
causes (cancer, CHD, diabetes, and COPD), the estimates in the active/high TV group were
equivalent to the inactive/low TV group. For example, for CHD the active/high TV HR was
1.21 (1.1, 1.34) and inactive/low TV HR was 1.08 (0.99, 1.17) (Figure 3).
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Discussion

In this large prospective study of adults aged 50-71 years who were free of major chronic
illness and reported good health, prolonged TV viewing was significantly associated with
greater risk for eight of 14 leading causes of death in the U.S., including CHD, cancer,
COPD, diabetes, influenza/pneumonia, Parkinson disease, liver disease, and suicide. There
was evidence for a dose-response relationship for the majority of outcomes and the
associations remained significant after adjustment for relevant confounders, including BMI,
health status, and MVPA. Although the relations between TV viewing and CHD and cancer
have been examined previously,*~ the finding of elevated risk for other leading causes of
death are novel and demonstrate for the first time the breadth of mortality outcomes that
may be linked to prolonged TV viewing. Results from this study suggest that interventions
targeting reductions in TV viewing, a single health behavior, have the potential to efficiently
leverage a variety of health benefits and yield clinical and public health impact that is more
expansive than previously known.

There are several plausible explanations for these results, and our central hypothesis is that
physical inactivity resulting from prolonged TV viewing is a primary mechanism. On
average, TV viewing consumes 55% of leisure time2 and has been associated with lower
levels of leisure-time and total physical activity?1:22 and lower cardiorespiratory fitness,23.24
an important determinant of which is inactivity. Conversely, a randomized trial that reduced
TV viewing by 50% among adults who watched for at least 3 hours/day resulted in an
increase of physical activity of 100 kcal/day,1” which is roughly equivalent to a mile of
walking. A growing body of research indicates that displacement of physical activity with
sedentary behavior, including TV viewing, can have adverse effects on energy balance and
metabolic health. Experimental studies have shown that prolonged sitting increases
postprandial glucose and insulin levels.25 Observational studies indicate that prolonged TV
viewing is associated with weight gain,2® poor metabolic health,327 and increased risk for
developing diabetes.1! This is the first study to report the association between TV viewing
and diabetes mortality. Mortality from liver disease, 8 infection,2® and COPD3%-32 have also
been linked to obesity and poor metabolic health, providing a plausible biological
mechanism for these associations.

By contrast, for some of the novel mortality outcomes the explanations are less clear and
this study presents intriguing hypothesis-generating results that should stimulate future
research. For example, TV viewing has been associated with a prothombotic/inflammatory
state (i.e., interleukin 6, C-reactive protein, and endothelial function)!2:33.34 which, in turn,
has been linked with progression of COPD,3% Parkinson disease,3¢ and sepsis mortality,2°
perhaps due to inactivity associated with prolonged TV viewing. Similarly, TV viewing has
been associated with lower cardiorespiratory fitness?# and muscle strength.3” Thus,
prolonged TV time may adversely affect functional health and reduce one’s ability to
withstand acute health events later in life (e.g., influenza/pneumonia, sepsis). More research
is needed to fully understand the relations between TV viewing, inflammation, functional
health, and mortality from these outcomes. The finding of a link between TV viewing and
suicide was also novel and should be interpreted cautiously. Although there is an established
relationship between physical activity and reduced risk of depression,38 and prolonged TV
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viewing has been prospectively associated with increased risk of depression,12-14.39
depression may also lead to prolonged TV viewing. Future studies are needed to clarify the
temporal relation between prolonged TV viewing, depression, and suicide and to elucidate
whether depression resides in the causal pathway for the observed TV—suicide mortality
association, or simply acts as a confounder.

Prolonged TV viewing has also been associated with increased mortality from all-causes and
cardiovascular disease3-640 but less is known about the relation with the individual
components of CVD mortality, such as stroke. Seguin et al.” reported a stronger association
between TV viewing and mortality from CHD than for overall CVD in women, consistent
with the present finding of a null association for TV viewing and stroke mortality. Previous
studies of TV viewing and cancer mortality have been mixed.#6.741:42 The present results,
derived from double the number of deaths of the largest previous study, suggest a modest
increase in cancer mortality with prolonged TV viewing, even among never smokers. In this
study, the adverse effect of TV viewing was evident in both active and inactive individuals.
This is consistent with several studies showing that prolonged sedentary behavior displaces
primarily light and intermittent MVVPA%3 and associations between TV and health mortality
remain after adjustment for structured MVPA.4544 These results suggest both active and
inactive individuals would benefit from interventions that reduce prolonged TV viewing.

This study has limitations that should be noted. The cohort was primarily composed of
white, educated older adults who were free of major chronic disease at baseline; hence, the
generalizability of these results may be limited to similar populations. TV viewing was self-
reported and assessed at a single time point, which may not adequately account for within-
person variation in TV viewing and introduces measurement error that probably
underestimates (attenuates) the strength of the observed associations. Our results for a 2-
hour/day increase in risk are only valid throughout the range of the highest response option
(9 or more hours/day) on our TV viewing questions. Some of the causes of death associated
with TV viewing are also chronic conditions and information derived from death certificates
may not always reflect the actual underlying cause of death. In particular, hypertension and
diabetes mortality are typically associated with a cardiovascular event.#>46 There is the
potential for residual confounding and may be error associated with self-reported covariates.
Increased dietary intake may confound or mediate associations with TV viewing owing to
increased snacking behavior,47:48 and though adjustment for and stratification by BMI and
diet quality had minimal effect on risk estimates, it is possible that residual confounding
persists. Depression has been associated with increased risk of suicide and early mortality4®
and this analysis was unable to control for mental health status. Similarly, the primary
indicator of SES (educational attainment) may not have completely adjusted for all of the
socioeconomic determinants of mortality. Strengths of this study include a large sample size
and long follow-up, which allowed the investigation of many causes of death that are
difficult to evaluate in smaller studies. The large sample also allowed us to exclude
individuals with major chronic diseases and poor/fair health at baseline to minimize
concerns about reverse causality. Furthermore, stratified analyses revealed that risk
associated with prolonged TV viewing persisted among individuals with and without
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comorbid conditions, excellent self-reported health, and in smokers and non-smokers,
suggesting these results are robust.

Conclusions

Older adults watch the most TV of any demographic group in the U.S.2 In this large cohort
of older adults, prolonged TV viewing was associated with higher risk for eight of 14
leading causes of death in the U.S. Given the increasing age of the population, the high
prevalence TV viewing in leisure time, and the broad range of mortality outcomes for which
risk appears to be increased, prolonged TV viewing may be a more important target for
public health intervention than previously recognized.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Association for a 2 h/day increase in TV viewing and the leading causes of death in the U.S.:

NIH-AARP Diet and Health Study.
Note: Values are HRs and 95% Cl, fully adjusted for covariates in Model 2.
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Associations for a 2 h/day increase in TV viewing for other causes of death by baseline
characteristics: NIH-AARP Diet and Health Study.
Note: Values are HRs and 95% Cls. Other causes of death included deaths due to COPD,
diabetes, sepsis, hypertension, pneumonia and influenza, liver disease, kidney disease,
suicide, accidents, Alzheimer disease and Parkinson disease. Models were fully adjusted for
covariates in Model 2, unless they were the comparator of interest. Diet quality is based on
HEI-2005, “low” included bottom two quintiles and “high” included top two quintiles.
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Joint effects of MVPA and TV viewing on selected Mortality outcomes NIH-AARP Diet
and Health Study.

Note: Values are HRs and 95% Cl. MVVPA was categorized as active (=4h/wk) or inactive is
(<4h/wk). TV viewing was categorized as low (<2h/day), medium (3-4h/day), or high (=5h/
day). High active and low TV was set as referent group. Models were fully adjusted for
covariates in Model 2.
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