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ABSTRACT 

Background: Little research has been done on the prospective associations between television 

viewing and cardiometabolic risk factor profiles and obesity in young adults. Additionally, 

individuals with high levels of hostility may be more susceptible to the influence of television 

viewing on cardiometabolic risk factor profiles.  

Objective: This study aimed to examine whether TV viewing is predictive of adverse 

cardiometabolic risk factor profiles (waist circumference, HOMA insulin resistance, fasting 

triglycerides, HDL-cholesterol, systolic blood pressure, and clustered cardiometabolic risk score) 

from young to middle adulthood in the U.S. adults. We also examined whether hostility 

personality trait modifies the association between TV viewing and cardiometabolic risk factor 

profiles.  

Methods: There were a total of 3,269 participants in a prospective study of Black and White 

adults aged 23 to 35 at examination year 5 in 1990/1. Cross-lagged panel models were analyzed 

at three 5-year time periods to test whether TV viewing predicts adverse cardiometabolic risk 

factor profiles.  

Results: Individuals who watched more TV were more likely to report adverse cardiometabolic 

risk factor profiles in the following 5 years. The prospective association between TV viewing 

and obesity was observed in young adulthood but not in middle adulthood. The cross-lagged 
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effects of TV viewing on clustered cardiometabolic risk score were significant in the high 

hostility group but not in the low hostility group. 

Conclusion: These findings suggest that TV viewing is positively associated with adverse 

cardiometabolic risk factor profiles and that this association is modified by hostility.  

Public Health Significance: TV viewing and cardiometabolic risk are highly prevalent in our 

society. As such, even a modest association between the exposure and outcomes could have high 

public health significance. Our data suggest that reduction in TV viewing time, especially for 

people who reported high viewing time and with a propensity towards a hostile disposition, 

could reduce cardiometabolic risk.  
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1.0  INTRODUCTION 

Television (TV) viewing is a global social/environmental exposure that adversely affects many 

areas of public health. Time engaged in TV viewing has continued to increase. U.S. Data from 

2000 indicate that people spent 4.1 hours watching TV per day.1 This grew to 5.3 hours per day 

in 2010.2 The estimated number of households with TV sets grew nearly twenty times from 1970 

(58,500) to 2011 (115,9000), when the percent penetration reached 98.9%.3 In addition to the 

proliferation of TV sets and increased individual TV exposure time, the breath of TV program 

options and the number of advertisements on TV has increased over the past several decades in 

profound ways. In 1972, before cable TV became broadly accessible, 31% of all households 

could watch nine or more TV channels.4 By 1986, the number of channels per household has 

since had increased exponentially due to the proliferation and expansion of cable TV and satellite 

services.4        

However, there may be a correlation between the dramatic increases in TV viewing and 

the growing pervasiveness of some diseases. One such disease is cardiovascular disease (CVD), 

one of the most pressing public health burdens in terms of cost and incidence. CVD is the 

leading cause of mobility and mortality in the U.S. and worldwide.5-6 There are 81 million 

American adults living with one or more types of CVD and  53% are estimated to be under age 

60.5 Heart disease and stroke rank as the first and third causes of death in the U.S.7 In 2006, 

34.3% of all 2,426,264 deaths were caused by CVD.7 Of these, 33% of deaths due to CVD were 
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people younger than 65 years old. There are many predictive factors leading to CVD such as 

cardiometabolic risk (e.g., abdominal obesity, high blood pressure, high cholesterol, and insulin 

resistance). These disorders evolve early in life and carry a high public health burden.  

Prolonged sedentary behaviors, especially TV viewing, are thought to be one of the risk 

factors underlying the development of cardiometabolic risk. Positive associations between 

excessive TV viewing and cardiometabolic risk are consistently observed for adults in many 

populations including American8, French9, Australian10-12, British13, and Flemish14. These studies 

also found deleterious effect of TV viewing on individual cardiometabolic risk variables such as 

obesity, hypertension, dyslipidaemia, and increased plasma glucose.  

Besides a sedentary lifestyle, exposure to abundant images and messages included in TV 

programming and advertisements may promote behaviors that increase the risk of chronic 

disease, including unhealthy food choices, cigarette smoking, and excessive alcohol intake. 

Studies indicate that fast-food (23%), sweets (22%), beverage (17%), cereal (11%), and snacks 

(22%) made up the majority of advertisements among food-related advertisings.15 While young 

people watch their favorite sport programs, large numbers of alcohol advertisings are televised to 

them, especially beer.16-17 In addition, the entertainment industry may promote smoking and 

alcohol use because role models are usually portrayed engaging in these harmful habits.18 

Mechanisms between TV viewing and cardiometabolic risk are not fully understood yet- but a 

decrease in overall energy expenditure mixed with an increase in total energy intake from 

overconsumption during TV viewing and influence of TV food advertisements are two potential 

mechanisms to explore.19    

Hostility is also thought to be a determinant of CVD in many populations20-27 by 

increasing blood pressure, heart rate, and stress-related hormones in response to potential 
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stressors.28 Studies report that violent TV programs can increase viewers’ responses such as 

anger and contempt.29 Experimental studies suggest that children who watched a violent program 

were more likely to behave in a hostile way during social interaction.30-32 While watching TV, 

hostile people may experience stronger negative emotions and aggressive behaviors relative to 

calm counterparts since hostile people have a propensity to show malicious intent and feel anger 

towards others and a tendency to respond to frustrating situations with anger or irritation.28 One 

cross-sectional study found a positive association between TV viewing and hostility, suggesting 

that there may be a mutual influence between them. 19 People with high hostility may spend 

more time watching TV than those with low hostility. Given to the susceptibility of TV-induced 

negative emotions and tendency to prolonged TV exposure, hostile people may be more likely to 

develop CVD than agreeable people. Furthermore, hostile people are more likely to have 

unfavorable health behaviors including smoking, drinking, unhealthy eating, and physical 

inactivity, which in turn may be exaggerated further by TV viewing.28 Rooted in these findings 

and theories, those with high hostility may show a stronger association between TV viewing and 

cardiometabolic risk compared with those with low levels of hostility.  

We hypothesize that there may be a prospective effect of TV viewing on cardiometabolic 

risk and the hostile personality trait may be an important effect modifier for this association. To 

our knowledge, no studies have examined the prospective association between TV viewing and 

clustered cardiometabolic risk in the U.S. population. Also, the hypothesis that the direct 

association between TV viewing and cardiometabolic risk may be modified by a propensity 

towards a hostile disposition have yet to be examined. In order to test hypotheses from this 

theoretical framework, we identified a rich longitudinal dataset with multiple assessments of the 

exposure (TV), outcomes, and the various demographic and lifestyle factors that would be 
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examined as confounders. The Coronary Artery Risk Development in Young Adults (CARDIA) 

Study is a 25-year multi-center prospective study of CVD risk evolution in Black and White 

young adults (18 – 30 years of age at baseline in 1985/6) in four U.S. metropolitan regions. We 

used this dataset to evaluate the relationship between TV viewing and cardiometabolic risk. 

Additionally, we examined whether this relationship is modified by hostility.  

1.1 SPECIFIC AIM 

An understanding of the interrelationships between TV viewing and cardiometabolic risk and 

hostility through this study will provide insight into important potential mechanisms leading to 

CVD. We aimed to analyze the prospective CARDIA study data sets to test our hypotheses on 

TV viewing and cardiometabolic risk and hostile personality trait. This research used cross-

lagged panel models to analyze the cross-lagged effects between TV viewing and 

cardiometabolic risk. The research encompasses three discrete, but related projects: 
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1.1.1 Project#1 

Specific Aim 1. Describe the prospective associations between TV viewing and 

cardiometabolic risk. 

Hypothesis 1.1 Duration of TV viewing will be positively associated with cardiometabolic 

risk. 

1.1.2 Project#2 

Specific Aim 2. Describe the prospective associations between TV viewing and obesity 

including body mass index (BMI) and waist circumference. 

Hypothesis 2.1 Duration of TV viewing will be positively associated with obesity.  

1.1.3 Project#3 

Specific Aim 3. Evaluate whether hostility modifies the association between TV viewing 

and cardiometabolic risk. 

Hypothesis 3.1 The association between duration of TV viewing and cardiometabolic risk 

will be stronger for those with high hostility relative to those with low levels of hostility.      

 

 

 

 

 



 6 

1.2 LITERATURE REVIEW 

1.2.1 Television viewing 

1.2.1.1 Households with TV sets 

U.S. households with TV sets have dramatically increased since 1950. During the period, the 

prevalence was only 9%. However, within 5 years it jumped to 64.5%. By 1970 it was up to 

95.3%, and from there it increased to 98.9% in 2011. The estimated number of households with 

TV sets increased nearly thirty fold from 1950 (3.8 million) to 2011 (115.9 million) when the 

percent prevalence reached 98.9% .3 

1.2.1.2 TV viewing trends 

Time spent in TV viewing has been greatly increasing in recent years. The U.S. Census Bureau 

reported that in 2000 an individual (12 and older) spent an average of 4.1 hours watching TV per 

day.1 This grew to 4.7 hours per day in 2009. The 2010 Nielson Three Screen Report showed 

that the average American (over age 2) spent 5.3 hours viewing TV per day, a 1.3% increase 

from 2009.2  

     According to the Bureau of labor statistics of 2009, time spent watching TV varies by 

gender, age, race, employment status, salary, and education (data refer to persons 15 years and 

over).33  Men watch TV 3.1 hours per day compared with 2.56 hours for women. Persons 15-19 

years and over 55 years watch TV around 3 hours per day, while persons 20-54 years watch TV 

2.5 per day. The average hours for TV viewing were 3.7 hours per day for Blacks and 2.7 hours 

per day for Whites.  
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1.2.1.3 TV contents 

Myriad messages, scenes, and products on TV programming and advertisements may contribute 

to harmful health behaviors, including unhealthy food choices, smoking, alcohol use, aggression, 

and violence. The market tends to target adolescents as direct consumers given that adolescents 

are much more likely than children to have and spend their own money. An estimate of food 

advertising was around 20% of nonprogram content exposure to adolescents.15 The number of 

food advertisements per day increased with age (11.5, 13.1, and 13.6 for audiences aged 2-5 

years, 6-11 years, and 12-17 year, respectively).34 Among food-related advertisings, fast-food 

(23%), sweets (22%), beverage (17%), cereal (11%), and snacks (22%) made up the majority of 

advertisements.15 Several studies have reported more fast-food and sweets commercials geared 

towards Blacks.15, 34-36 While young people watch their favorite sport programs, large numbers of 

alcohol advertisings are televised to them, especially beer.16-17 In addition, the entertainment 

industry may influence smoking and alcohol use because role models are usually portrayed 

engaging in these harmful habits.18 Roberts et al, found that smoking and alcohol use behaviors 

were prevalent elements of music videos, of which rap music videos had the highest portrayal of 

smoking.37 Violence is also a popular element in music videos. The highest percentage of 

violence is associated with rap music videos.38 Anderson found that large numbers of violent 

commercials from promotions of television programs and big-screen movies showed during the 

family-oriented programming.39 Robert and colleagues also observed that during major sporting 

events, 49% of commercial breaks included at least one commercial portraying unsafe or violent 

behavior.40 Dubious lifestyle habits are ubiquitous in televised programming and advertisements 

even during family-oriented programming. This environment makes it difficult for parents to 

protect their children from unhealthy ideas. Therefore, the American Academy of Pediatrics 
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discouraged TV exposure to young children, especially the banning of TV viewing under the age 

of 2.41 

1.2.2 Cardiovascular disease (CVD) 

1.2.2.1 Definition 

Cardiovascular disease is not just a single disorder. It includes a number of over 60 different 

disorders affecting the heart and blood vessels, which consist of coronary heart disease, 

cerebrovascular disease (stroke), peripheral arterial disease, rheumatic heart disease, congenital 

heart disease, deep vein thrombosis and pulmonary embolism.6 Heart disease can represent a 

broad range of diseases of heart and blood vessels, but heart disease is more often used to 

specifically describe coronary artery disease or coronary heart disease.42  

1.2.2.2 Prevalence of CVD 

In 2006, 81 million Americans adults lived with one or more types of CVD. Of these, 53% are 

estimated to be under age 60.  CVD is also a health threat to young people now. An estimated 39 

million (37.9%) males and 42.1 million (35.7%) females live with CVD. The prevalence of CVD 

is higher among Blacks than Whites for both men and women. The prevalence increases as 

people age, over 70% for those 60+, over 39% for those 40-59, and fewer than 15% for those 20-

39.5 The prevalence of CVD does not differ much by gender except for people aged 20-39, 

where males had greater prevalence of CVD than females. 
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1.2.2.3 CVD mortality 

CVD is the leading cause of death not only in the United States7 but also worldwide.6 According 

to National vital statistics reports, heart disease and stroke rank as the first and third causes of 

death in the U.S. Across various race and ethnic groups, heart disease and stroke are still the top 

killers of older persons.7 Since 1900, there has been a dramatic increase in the number of CVD 

deaths.5 34.3% of all 2,426,264 deaths was due to CVD in 2006.7 Of these CVD deaths, more 

than 151,000 Americans were younger than 65 years old. That is, about 33% of deaths due to 

CVD were premature.  

1.2.2.4 Cardiometabolic risk  

Cardiometabolic risk refers to a set of intermediate risk factors contributing to the development 

of CVD such as central obesity, insulin resistance, hyperglycemia, dyslipoproteinemia, and 

hypertension.43 These medical disorders can occur individually, but generally occur in cluster. 

Age, race, sex, and family history are major biological risk factors contributing to the 

cardiometabolic risk. Physical inactivity and smoking are key behavioral risk factors. According 

to the statistics of World Health Organization (WHO), around 80% of coronary heart disease and 

cerebrovascular disease are associated with these behavioral risk factors.6 Some intermediate risk 

factors mentioned above are also observed in type 2 diabetes, including obesity, insulin 

resistance, dyslipoproteinemia, and hypertension.43 Hence, prevention and intervention for 

cardiometabolic risk are beneficial for reduction in both of cardiovascular disease and type 2 

diabetes.    
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1.2.3 Overweight and obesity 

1.2.3.1 Definition 

Obesity is an increasing public health threat because it is a common risk for chronic diseases. 

The formula for body mass index (BMI) is weight (kg) / [height (m)].2 For adults, individuals 

who have a BMI between 25 and 29.9 are considered overweight; those who have a BMI of 30 

or higher are considered obese.44 BMI has been considered a reliable indirect indicator of body 

fatness. Another measure of obesity is defined as a waist circumference (WC) ≥ 102 cm in men 

and ≥88 cm in women.45 Waist circumference can represent the magnitude of abdominal obesity, 

which is important for predicting chronic diseases. 

1.2.3.2 Prevalence 

The trend of becoming overweight and obese is increasing in children and adults over time. 

Based on the 2000 CDC growth chart, there were around 10 million American children and 

adolescents aged 6 -19 who are overweight. Based on the 95th percentile or higher of BMI-for-

age values of the CDC growth charts, in children aged 6-11 years, the prevalence of overweight 

increased from 4% in 1971-74 to 17% in 2003-06. In adolescents aged 12-19 years, the 

prevalence of overweight increased from 6.1% to 17.6%. Seventy percent of overweight 

adolescents will become overweight adults, and if one or both parents are overweight or obese, 

this percentage increases to 80.5 The 2006 prevalence of overweight or obesity among adults 20 

years of age and over was 66.3 percent (an estimated 144,100,000 people). In 2008, 26.6% of 

adults were obese. Among adults, the CDC observed that from 1999-2008, obesity and 

abdominal obesity significantly increased in men and abdominal obesity increased in women.46 
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More concerning is the WHO estimates that by 2015, there will be 2.3 billion overweight or 

obese people worldwide. Of those, more than 700 million will be obese.5 

1.2.3.3 Relation of TV viewing to obesity 

Over the past three decades, TV viewing has been proposed as a determinant of obesity in 

numerous studies. The increasing trends of TV viewing and obesity also support the hypothesis 

that TV viewing plays a role in the obesity epidemic. The following literature review discusses 

the association and potential mechanisms of TV viewing to obesity in different types of 

epidemiological studies.                                                    

1.2.3.4 Cross-sectional studies  

Dietz and colleague47 conducted the first study to investigate the association of TV viewing and 

obesity. This study included data from cycles II (in 1963-1965) and III (in 1966-1970) of the 

National Health Examination Survey. There were 6,965 children aged 6 to 11 years in cycle II 

and 6,671 children aged 12 to 17 years in cycle III.  Two cross-sectional samples and one 

prospective sample were examined in this study. To define obesity, triceps skinfolds were 

measured by pediatricians, specially trained nurses, and technicians. A triceps skinfold equal to 

or greater than the 85th percentile represented obesity and a triceps skinfold equal to or greater 

than the 95th percentile represented superobesity. The numbers of hours of TV watching per day 

were assessed via two kinds of sources: parental reports in cycle II and self-reports in cycle III.  

The authors found significant associations between obesity, superobesity, and time spent 

TV viewing in both cross-sectional and prospective samples. Each hourly increment of TV 

viewing was associated with a 1.2 to 2.9% high prevalence of obesity. The prevalence of 

superobesity increased 0.6 to 1.4% for each additional hour of TV viewing. These positive 
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relationships were attenuated slightly but still remained significant after controlling parents’ 

education, age, income, number of children, birth order, race, and condition restricting activity.  

The Dietz study demonstrated a positive relationship of TV viewing to obesity in children 

and adolescents, in both cross-sectional and prospective studies. This article is the first study to 

mention two potential mechanisms between TV viewing and obesity: 1) reduced energy 

expenditure due to less energy needs; 2) increased energy intake due to snacking while watching 

TV and influence of food advertising and food references in TV programs.     

Nevertheless, the coefficients estimates in this study were significant but small. That 

might be partly explained by the low TV set penetration and small number of TV channels and 

programs in 1960s. The television influence might be much lower in 1960s compared with 

nowadays.  

Sidney et al.19 examined cross-sectional associations between self-reported duration of 

TV viewing and cardiovascular risk factors among 4,280 Blacks and Whites aged 23-35 years. 

This study used data from the year-5 follow-up examination (1990/1991) of the Cardiovascular 

Risk Development in Young Adults (CARDIA) study. The CARDIA study included four 

geographic locations: Birmingham, Alabama; Chicago, Illinois; Minneapolis, Minnesota; and 

Oakland, California. Participants were categorized into heavy TV viewers (≥ 4h/day) and light 

TV viewers (0 to 1 h/day). The definition of obesity was a BMI equal to or greater than 27.8 

kg/m2 for men and 27.3 kg/m2 for women. Data suggested that compared to light TV viewers, 

heavy TV viewers had higher odds of being obese, with race-gender stratified odds ratios 

varying from 1.5 (95% CI= 1.1-2.2) in Black women to 2.3 (1.4-3.9) in White women. 
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This study suggested a positive association between prolonged TV viewing and obesity 

prevalence among young adults. The model was adjusted for age, education, physical activity, 

smoking, alcohol use, and examination center.     

In a Spanish study, Vioque et al.48 examined the association of TV watching and physical 

activity with obesity among Mediterranean population. The Health and Nutrition Survey 

randomly selected 814 males and 958 females aged 15 years and older in 1994. Obesity was 

defined as BMI at least 30 kg/m2. Participants were asked “How many hours per week do you 

usually spend watching TV?” Time spent watching TV was also categorized as: ≤ 1 h/day, 2 

h/day, 3 h/day and ≥ 4 h/day.  

The authors reported that obese people spent more time watching TV daily (mean ± s.d.: 

3.6 ± 1.5 h/day) compared with non-obese ones (3.0 ± 1.4 h/day). In multivariate analysis, 

obesity was more prevalent in people watching TV ≥ 4 h/day than people watching ≤ 1 h/day 

(Odds ratio: 2.38; 95% CI: 1.54-3.69). A significant dose-response was observed between TV 

watching and obesity in which the prevalence of obesity increased by 30% for each additional 

hour of TV watched.  

Jakes et al.49 examined the relation of TV viewing and recreational activity with obesity 

and CVD biomarkers among 14,189 adults, aged 45 to 74 years, living in Norfolk, UK. TV 

viewing was reported in four categories: < 2, 2-2.9, 3-3.9, and > 4 h/day. Participants were asked 

for the frequency and time of physical activity per week. The MET.hr/week of vigorous 

recreational activity was ≥ 5. BMI, waist to hip ratio (WHR) and percent body fat were makers 

of obesity.  

All age-adjusted means of obesity markers (BMI, waist, hip, WHR, body fat) 

significantly increased with the amount of TV viewing for both genders. After controlling for 
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age, alcohol consumption, smoking, treatment for hypertension, vigorous and total physical 

activity, these significant relationships were still observed. The authors also investigated the 

combined influence of TV viewing and vigorous activity on BMI. The adjusted mean BMI of 

men who watched TV more than 4 h/day and did not do vigorous activity weekly increased 1.44 

kg/m2 compared with those who watched TV less than 2 h/day and did at least one hour of 

vigorous activity weekly. The equivalent comparison in women was 1.92 kg/m2. 

This study suggested that time spent TV viewing was associated with obesity. Moreover, 

the relative contribution of TV viewing and vigorous activity in predicting obesity was observed. 

Owing to the use of different markers of obesity, this study provided more evidence about the 

association of TV viewing and obesity.  

Parsons et al.50 analyzed the cross-sectional association of physical activity, TV viewing 

and BMI at six ages from childhood to adulthood in the 1958 British birth cohort before further 

longitudinal analysis. A TV viewing frequency was recorded at ages 11, 16 and 23 years old. 

BMI (kg/m2) was measured by trained medical personnel at 11 and 16 years but was obtained 

from self-report at 23 years. At ages 11 and 16, TV viewing frequency was coded as often, 

sometimes or never/hardly ever. On the other hand, participants at 23 years were asked for TV 

viewing time (≥ 5 times a week, 3-4 times a week, and ≤ twice a week).  

The study found a significant positive association between BMI and TV viewing 

frequency at 11 years in females and at 23 years in both genders. In contrast, BMI was not 

associated with TV viewing frequency at 11 years in males and at 16 years in both genders. The 

authors reported that the association still remained significant after adjusting for covariates. 

However, they did not describe clearly which confounders were included in models. This study 

derived from a birth cohort provided several cross-sectional analyses at different ages. However, 
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owing to different categories of TV viewing frequency at 11, 16, and 23 years, it is difficult to 

compare a change of TV viewing habits over time. The impact of TV viewing to obesity might 

be less at 11 (1969) and 16 (1975) years than at 23 (1981) years because the prevalence of TV 

sets and TV advertising was less in 1969 and 1975 than 1981. In addition, duration of TV 

viewing may show stronger association than frequency, which might provide another explanation 

for the null relationship at 16 years.  

Bowman et al.51 used a nationally representative population to investigate the links 

among TV viewing, energy intake, obesity, and health status in adults aged 20 years or older. 

There were 9,157 participants recruited from the U.S. Department of Agriculture’s Continuing 

Survey of Food Intakes by Individuals 1994-1996. Self-reported data included 24-hour dietary 

recall, height and weight (BMI), and the daily hours of TV viewing. TV viewing data was also 

coded as < 1, 1-2, and > 2 h/day. Overweight was defined as BMI ≥ 25 kg/m2 and obese was 

BMI ≥ 30 kg/m2. 

Prolonged TV viewing per day was significantly associated with increased BMI in both 

men and women. People who watched TV more than 2 hours per day had higher BMI and also 

had a higher percentage of being overweight and obese compared with those who watched less 

than 1 hour. Among age groups, adults aged 66 or older had the highest percentage of watching 

TV more than 2 hours daily. Of racial groups, Blacks were more likely to watch TV greater than 

2 hours a day. Education and income levels had inverse relationships with the amount of TV 

viewing. More unemployed adults including retired people watched more than 2 hours of 

television everyday than those who were employed. There was a positive correlation between 

prolonged TV viewing and adverse health status including diabetes, hypertension, heart disease, 

and high bold cholesterol. Consistently, within the above socioeconomic and demographic 
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characteristics and health status, the likelihood of overweight or obesity increased with the 

amount of time spent watching TV.  Additionally, people who watched more than 2 hours of TV 

daily obtained higher total energy intake from supper and snacks. This study provided a broad 

perspective for TV viewing-obesity hypothesis by analyzing this association within various 

socioeconomic and demographic characteristics. Therefore, more confounding factors should be 

carefully considered for relation of TV viewing and obesity in an adult population.   

Cleland et al.52 tried to understand which behavioral pathways determine the influence of 

TV viewing on obesity, whereby food consumption during viewing time and reduced leisure-

time physical activity were tested as mediators of this association.  

They enrolled 2,001 Australian adults aged 26-36 years from 2004 to 2006. Waist 

circumference (WC) was measured by trained technicians who followed a standardized protocol. 

Based on World Health Organization cutoffs, the definition of moderate abdominal obesity was 

waist circumference between 94 and 101.9 cm in men and between 80 and 87.9 cm in women. 

The definition of severe abdominal obesity was waist circumference ≥ 102 cm for men and ≥ 88 

cm for women. Average daily TV viewing time was calculated by summing TV viewing time on 

weekdays and weekend and dividing it by 7. Frequency of food and beverage consumption 

during TV viewing time was categorized into four groups: never, 1-2, 3-4, and ≥ 5 times/wk. 

Participants were asked to report time spent on leisure-time physical activity during the past 

week. Leisure-time physical activity was divided into four groups based on quartile splits.  

A higher prevalence of severe abdominal obesity was seen in women who watched TV > 

3 h/day compared with those who watched ≤ 1 h/day [prevalence ratio (PR): 1.89; 95% CI: 1.32-

2.71]. Men who watched TV > 3 h/day had a higher prevalence of moderate abdominal obesity 

than those who watched ≤ 1 h/day (PR: 2.16; 95% CI: 1.37-3.41). This association was 
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attenuated after controlling for food and beverage consumption but not controlling for leisure-

time physical activity (PR: 1.48; 95% CI: 1.01-2.17 for women; PR: 1.73; 95% CI: 1.06-2.83 for 

men). This study found not only the association between TV viewing and obesity but also the 

potential mediator which could explain the association. Increased food and beverage 

consumption seemed to be a more important mediator relative to physical inactivity.    

1.2.3.5 Prospective cohort studies  

Hu et al.53 used a prospective study to explore the influence of television watching and other 

sedentary behaviors on risk of obesity and type 2 diabetes mellitus in women participating in the 

Nurses’ Health Study. Baseline mean age was about 60. 50,277 women were followed up from 

1992 to 1998. For the obesity analysis, women with BMI > 30 were excluded at baseline. 

Average weekly time spent watching TV or VCR was categorized into 5 groups: 0-1, 2-5, 6-20, 

21-40, and > 40 h/week. Incidence of obesity was defined while participants who were non-

obese (BMI < 30) at baseline became obese (BMI ≥ 30) at the end of 6-year follow-up.  

At baseline, women who watched more TV were more likely to have high BMI. A 

prospective analysis also reported that TV watching was positively associated with risk of 

obesity. In multivariate analysis, the age-adjusted relative risks (RRs) were 1.0, 1.23, 1.42, 1.68, 

and 2.00 for respective categories of TV watching. Further adjustment for age, smoking, alcohol 

consumption, and exercise level did not attenuate the RRs greatly. Neither did further adjustment 

for dietary factors and other covariates. A significant dose-response was observed between TV 

watching and obesity in which the risk of obesity increased by 23% (95% CI: 17-30%) for each 

additional 2-h/day of TV watched. Moreover, TV watching predicted the highest risk of obesity 

compared with other sedentary activities including sitting at work, reading, mealtime, and at 

desk. The study reported an independent association between TV watching and obesity risk 
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regardless of exercise level and diet consumption. This result may be explained by a lower 

energy expenditure TV watching causes compared with other sedentary behaviors.  

In a 1970 British Birth Cohort Study, Viner et al.54 investigated the relation of duration, 

timing, and content of TV viewing in childhood to BMI in adulthood. Data included weekday 

and weekend TV viewing duration, type of programs, and maternal attitudes toward TV at age 5 

years, TV viewing frequency at 10 years, and BMI at 10 and 30 years. BMI ≥ 30 kg/m2 

represented obesity.  

Children who watched more TV during weekdays and weekends were more likely to 

have higher subsequent BMI at 10 and 30 years of age. TV viewing habits at 5 years were 

positively associated with frequency of TV viewing at 10 years. On the other hand, negative 

maternal attitude toward TV at 5 years caused a lower frequency of TV viewing at 10 years. In 

multivariate regression, the risk of obesity increased 7% with each additional hour of weekend 

TV viewing (odds ratio: 1.07, 95% CI: 1.01, 1.13). However, weekday TV viewing, type of 

programs, maternal attitude toward TV at 5 years, and TV viewing frequency at 10 years were 

not independent risk factors of BMI at 30 years.  

The findings suggested a long-term effect of weekend but not weekday TV viewing in 

early childhood on increased BMI in adulthood. The different results between weekday and 

weekend TV viewing might indicate that timing of TV viewing could be an important risk factor 

of obesity due to the difference among content of programs, food advertising, level of parental 

supervision, and energy consumption during weekday versus weekend. However, the lack of 

follow-up data between age 10 and 30 years is a limitation.  

Parsons et al.55 conducted a prospective study in the 1958 British birth cohort previously 

mentioned. The aim here was to estimate whether TV viewing frequency in childhood (11 and 16 
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years) and young adulthood (23 years) was associated with increased BMI (16, 23, 33, and 45 

years) through to adulthood and waist-hip ratio (45 years) in middle adulthood. The findings 

were that watching TV often at 16 years of age predicted an increase in BMI from age 16 to age 

45 in men (0.011 kg/m2 every year, 95% CI: 0.003-0.019) and women (0.013 kg/m2 every year, 

95% CI: 0.003-0.023). Women, but not men, who watched TV more frequently at 11, 16, or 23 

years had an increase in BMI. Furthermore, waist-hip ratio at 45 years was 0.01 higher for 

participants aged 23 years watching TV ≥ 5 times per week than those watching less often. 

Waist-hip ratio was 0.03-0.04 higher for participants aged 45 years watching TV ≥ 4 h/day 

compared with those watching < 1 h/day. The research suggested that frequency of TV viewing 

influenced BMI gains from adolescence to adulthood. Moreover, frequency and duration of TV 

viewing affected central adiposity of adults.  

Wijndaele et al.12 conducted a prospective analysis to explore the association between 

increased TV viewing time and adverse cardiometabolic risk changes among 3,846 Australian 

adults measured in 1999-2000 (baseline) and 2004-2005 (follow-up). Duplicate waist 

circumference was measured by trained personnel. Change in TV viewing time was derived from 

follow-up minus baseline.  

In multiple linear regression models, the authors observed that change in TV viewing 

time was associated with an increment in waist circumference during 5 years of follow-up 

(unstandardized β coefficients: for men: 0.43 cm, 95% CI: 0.08-0.78 cm; for women: 0.68 cm, 

95% CI= 0.30-1.05). This association still remained significant even adjusting for baseline 

physical activity and diet quality. Conversely, there was no significant association seen between 

baseline TV viewing and waist circumference. Several possibilities might be considered. First, 

measurement error could cause misclassification which biases the relation toward the null. Next, 
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during the 5-year follow-up, 80% of participants changed their TV viewing time (generally, an 

increase in TV viewing time) so change in TV viewing time could reflect the trend of waist 

circumference change better than baseline TV viewing. Third, the effect of TV viewing on 

obesity could be primarily short term (< 5 years) so baseline TV viewing might not predict 

obesity 5 years later.  

1.2.3.6 Summary  

 Across age, race, gender, and countries, most of the evidence supports a positive association 

between TV viewing and obesity, although some data show opposite relationships. The increases 

in obesity risk varied by the covariates controlled and by the way in which TV viewing and 

obesity were measured and categorized. 

A meta-analysis56 examined the relationship between TV viewing and body fatness 

among children and youth by reviewing 52 independent samples from 30 studies (N=44,707) 

with different designs. The effect size (Pearson r) of this relationship was 0.084 (fully corrected). 

Among different body fatness measures, BMI showed a significant effect size (0.087). The 

authors indicated that this positive relationship between TV viewing and obesity was statistically 

significant, but it was too small to represent meaningful clinical evidence. However, small 

effects may deeply influence health status of populations and individuals if they accumulate.  

If the relation of TV viewing to obesity is real, then it could have profound effects in the 

area of obesity prevention. Reducing prolonged TV viewing could provide an efficient way for 

decreasing the chances of developing obesity. Limiting unhealthy food advertisements and TV 

programs encouraging harmful lifestyle would be other solutions. For children, parental 

supervision could be very crucial for improving their eating pattern. The reviewed literature 

suggests that TV viewing frequency and duration increases the risk of obesity among adults.   



 21 

1.2.3.7 Potential mechanisms linking TV viewing and obesity 

Three potential theories of the influence of TV viewing on obesity include reduced physical 

activity, lower resting metabolic rate, and increased energy intake. People watching more TV 

have a higher prevalence of physical inactivity.19, 57 However, some studies found that watching 

TV displaces physical activity during leisure time58-60, but other studies did not.61-63 On the other 

hand, data suggests that watching TV causes lower metabolic rate than other sedentary 

behaviors.64 This may explain why compared with other sedentary behaviors such as driving a 

car, reading, and writing, TV viewing was most strongly related to the risk of obesity.53 

The other theory is that TV viewing increases the risk of obesity due to snacking during 

TV watching time or increased exposure to food advertisements. Among children, the positive 

effect of TV viewing on high-energy food intake has been consistently observed.65-67 This 

relationship was also assessed among adults by Cleland et al.52 The increased prevalence ratios 

of obesity among adults with high TV viewing were 2.16 for men and 1.89 for women. After 

adjusting for food and beverage consumption, the prevalence ratios became attenuated (1.73 for 

men and 1.48 for women). They suggested that food and beverage consumption during TV 

watching may be one mediator between TV viewing and abdominal obesity. 

The positive relationship between TV viewing and obesity may be mutually influenced. 

TV viewing may increase obesity risk, while overweight and obese people may tend toward 

sedentary activities like TV viewing and consumption of high caloric food while watching TV 

compared to non-overweight people. A Spanish cross-sectional study showed a significant 

interaction effect of TV viewing and weight status on abdominal obesity.68 The overweight 

group reported the significant positive association between TV viewing and waist circumference 

but the non-overweight group did not. 
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1.2.3.8 Relation of obesity to CVD 

Obesity has been demonstrated as a determinant of cardiovascular risk in a variety of 

epidemiological studies. In the Framingham study,69 a 26-year follow-up study found that 

obesity was an independent risk factor of development of coronary heart disease. The subsequent 

Framingham experience observed that overweight (BMI, 25-29.9) and obesity (BMI≥30) had an 

increased relative risk (RR) of the risk factors of CVD (e.g., hypertension) and CVD itself for 

middle-aged adults.70 All the RRs of cardiovascular risk factors and CVD were higher in obesity 

status compared with in overweight status. The risk of cardiovascular risk factors and CVD 

increased with the severity of overweight. Another 10-year cohort study also showed that the 

incidence of diabetes, hypertension, and heart disease increased with the degree of obesity for 

middle- aged women and men, while stroke risk increased with obesity for men only.71  Persons 

who were overweight and obese significantly had an increased risk of developing one or more 

cardiovascular morbidities compared with their leaner peers (BMI, 18.5-21.9). Particularly, in 

both obese women and men, individuals who had high cholesterol or high blood pressure were at 

a higher risk of developing 1 or more adverse health conditions relative to those who did not. A 

meta-analysis of 21 cohort studies found that around 45% of the increased risk of coronary heart 

disease was mediated by high cholesterol and blood pressure.72     

Abdominal fat, another measure of fatness, is also of importance for unfavorable 

cardiovascular risk factors. In children and adolescents, abdominal fat was a predictor of plasma 

triglycerides, HDL cholesterol, systolic blood pressure, and left ventricular mass which are 

important cardiovascular risk factors.73 As young people become adults, their central fat may 

accumulate, leading to unfavorable cardiovascular risk factor status. Haarbo and colleagues74-75 
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suggested that central fat in postmenopausal women was positively associated with triglycerides 

and LDL cholesterol while it was negatively associated with HDL cholesterol.  

There is little doubt that obesity is a crucial determinant of the increasing prevalence of 

cardiometabolic risk factors and CVD. The relationship between obesity and CVD may be 

mediated through the major risk factors (hypercholesterolemia, hypertension, hyperglycemia) 

and emerging risk factors (atherogenic dyslipidemia, insulin resistance, proinflammatory state, 

prothrombotic state).76 These mediation associations vary by individual differences in genetic 

and environment factors. However, individuals who are overweight are more likely to 

simultaneously have multiple major and emerging risk factors causing CVD risk. 

1.2.4 High cholesterol  

1.2.4.1 Definition  

Cholesterol is essential for our body, but it harms when its level is too high in the body. High 

cholesterol can cause plaque in the arteries, which leads to heart disease and stroke, the top 

causes of death in the U.S.77 Total cholesterol is made up of high-density cholesterol (HDL), 

low-density cholesterol (LDL) and triglycerides. High cholesterol is defined as the total 

cholesterol level of 240 mg/dL or higher.78 HDL cholesterol is known as “good” cholesterol, 

which can bring blood cholesterol back to the liver.77 Higher levels of HDL cholesterol are better 

for health. On the other hand, high levels of LDL cholesterol, or “bad” cholesterol, can clog the 

arteries and increase the risk of heart disease and stroke. Hence, the optimal levels of LDL 

cholesterol should be maintained less than 100 mg/dL. High levels of triglycerides are associated 

with coronary heart disease.  
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1.2.4.2 Prevalence 

American Heart Association reported that in 2006, 46.8% of adults aged 20 years and over had 

total cholesterol levels of 200 mg/dL or above.5 Moreover, 16.2 percent of adults showed total 

cholesterol levels of 240 mg/dL or higher. There are around 35.7 million adults (15.9 million 

males and 19.7 million females). The 2007 prevalence of high blood cholesterol in adults was 

37.6 percent.   

The 2006 data indicated that 71.2 million adults had LDL cholesterol 130 mg/dL or 

above (34.9 million men and 36.3 million women).5 On the other hand, 35.1 million adults had 

HDL cholesterol levels less than 40 mg/dL (26.4 million men and 8.7 million women). The mean 

level of LDL cholesterol for adults was 115 mg/dL, which is beyond the optimal level. The mean 

levels of HDL cholesterol and triglyceride were 54.3 mg/dL and 144.2 mg/dL, respectively.  

1.2.4.3 Relation of TV viewing to high cholesterol  

Sedentary lifestyle can put people at an increased risk of developing high cholesterol. 

Particularly, TV viewing can cause physical inactivity and unhealthy diet, both of which are risk 

factors for high cholesterol. The following epidemiological studies show that TV viewing is a 

predictor of high cholesterol. 

1.2.4.4 Cross-sectional studies  

Sidney et al.19 categorized participants into heavy TV viewers (≥ 4h/day) and light TV viewers 

(0 to 1 h/day). Total cholesterol (≥ 240 mg/dL), LDL cholesterol (≥ 160 mg/dL), and HDL 

cholesterol (< 35 mg/dL) were measured. 

The authors observed that the duration of TV viewing daily was longer in Blacks than in 

Whites and was inversely related to education and income. They found that TV viewing was not 
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significantly associated with the lipid profile in all race/gender groups. These results may be 

explained by small percentages of subjects who were defined as high cholesterol (less than 9% in 

all race/gender groups) so that power was limited. On the other hand, the model was adjusted for 

some covariates including physical activity which is one risk factor of high cholesterol. The 

association between TV viewing and high cholesterol might be attenuated by physical activity. 

Also, cholesterol accumulates when people age, but the subjects were only 25-35 year-old young 

adults.  

Limited TV viewing categories including heavy viewers (≥ 4h/day) and light viewers (0 

to 1 h/day) could cause residual confounding. For example, white women represented 8.2% of 

heavy TV viewers and 52.3% of light TV viewers. The uneven proportion could attenuate the 

association between TV viewing and high cholesterol. If individuals diagnosed with CVD 

underreport the duration of TV viewing, this also might result in an attenuated association.  

Fung et al.79 examined the associations between leisure-time physical activity, TV 

viewing, and CVD risk factors. This study provided cross-sectional and prospective analyses 

among 468 healthy male health professionals aged 40-75 years at baseline from 1986 to 1994. 

Blood samples were only collected in 1993-1994, when physical activity (staring in 1986) and 

TV viewing (staring in 1988) were measured biennially. The definition of TV viewing was the 

number of TV viewing hours and video-cassette recordings per week. The lipid biomarkers 

included total cholesterol, LDL cholesterol, HDL cholesterol, and triglycerides. Vigorous 

leisure-time physical activity was defined as MET.hr/wk ≥ 6. 

Cross-sectional results showed that TV viewing hours were associated positively with 

LDL cholesterol (p < 0.05), whereas they were inversely associated with HDL cholesterol (p < 

0.01). TV viewing was not significantly associated with the other lipid biomarkers. After 
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adjusting for covariates plus BMI, the associations between TV hours and the lipid biomarkers 

decreased. Prospective results suggested that no significant associations between average TV 

viewing hours in 1988-1994 and the lipid biomarkers. The authors further analyzed the joint 

effects of TV viewing and vigorous physical activity on HDL cholesterol. They found the 

associations between TV viewing and HDL cholesterol were independent of physical activity. 

Vigorous physical activity, however, was a stronger predictor of HDL cholesterol than TV 

viewing. 

This study indicated that TV viewing duration was significantly and positively associated 

with LDL cholesterol and significantly and inversely associated with HDL cholesterol. This 

relationship may be partially explained by obesity (BMI). The subjects were all from a unique 

occupation so results might not be generalized to other populations.  

A British study conducted by Jakes et al.49 reported that after adjusting for covariates 

including participation in vigorous activity, total physical activity and BMI, total cholesterol, 

LDL cholesterol, and triglyceride significantly increased with TV viewing duration in both men 

and women, whereas HDL cholesterol significantly decreased with TV viewing. TV viewing is 

associated with the lipid profile independent of physical activity and obesity. That is, the 

association may be mediated through the other biological processes other than weight gain and 

reduction in physical activity.  

A Danish cross-sectional analysis by Aadahl et al.80 sought to examine the relationships 

between TV viewing and vigorous intensity physical activity and cardiovascular biomarkers 

including serum lipids. The study included 1693 men and women aged 33-64 years (mean age = 

51.3 for men and 50.3 for women). Information on physical activity level was measured by MET 

score. Diet was categorized into three groups; 1) unhealthy diet: low fruit/vegetable and fish 
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intake and high fat intake; 2) medium healthy diet: medium fruit/vegetable, fish and fat intake; 3) 

healthy diet: high fruit/vegetable and fish intake and a low fat intake.  

In the linear regression model, total cholesterol, LDL cholesterol, and triglycerides 

significantly increased with the amount of TV viewing, but the coefficients were relatively small. 

HDL cholesterol showed no association with TV viewing. This model controlled for several 

covariates including diet and physical activity.  

The authors concluded that amount of time spent on TV viewing is a predictor of CVD 

biomarkers independent of physical activity. Minimal associations between TV viewing and 

serum lipids may be partially explained by the adjustment of physical activity and diet. In order 

to clarify the mechanisms from TV viewing to serum lipids, separate mediator analyses of 

physical activity and diet are needed. However, more detail on the timeline for recruitment and 

variables measured was needed, since these factors could reduce the validity of this study.  

The Australian Diabetes, Obesity and Lifestyle (AusDiab) study examined the influence 

of TV viewing on CVD biomarkers longitudinally. This population-based study started recruiting 

11,247 Australians aged ≥ 25 years in 1999/2000 with a follow-up measurement in 2004/2005.11-

12, 81 In 2008, Healy et al.11 analyzed the relationship between TV viewing time and continuous 

metabolic risk among physically active adults through the cross-sectional data of AusDiab in 

1999/2000. There were 2031 males and 2033 females who met the physical activity guideline of 

at least 2.5 hr/week of moderate- to vigorous-intensity exercise. Participants were asked for the 

amount of time spent watching TV or videos in the previous week. Triglycerides and HDL 

cholesterol levels were obtained at the same time.  

The authors found that triglycerides increased and HDL cholesterol decreased with the 

ordinal TV viewing categories for women controlling for covariates including diet quality and 
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physical activity time. Significant dose-response relationships between TV viewing and 

triglycerides and HDL cholesterol were observed only in women. The findings showed a gender 

difference, which may be attributable to physiological sex difference in response to TV viewing.    

In 2010, Thorp et al.81 measured triglycerides and HDL cholesterol among 2,761 women 

and 2,103 men from the 2004/2005 survey of the AusDiab Study. Again, the findings supported 

that triglycerides increased and HDL cholesterol decreased with the TV viewing time 

independent of diet quality and physical activity in women. Moreover, the association was 

attenuated gradually when four models adjusted for age-only (Model A), demographic covariates 

plus diet quality and physical activity time (Model B), all covariates plus waist circumference 

(Model C), and all covariates plus sitting time (Model D). After adjusting for all covariates plus 

sitting time, TV viewing showed no association with triglycerides. After adjusting for covariates 

plus waist circumference, HDL cholesterol was not related to TV viewing. The association 

between TV viewing and cholesterol may be mediated by diet, physical activity, central 

adiposity, and prolonged sitting time.  

Ekelund et al.82 assessed if TV viewing and physical activity are independently related to 

metabolic risk for children through the European Youth Heart Study which provided a cross-

sectional survey from 1997 to 2000. They recruited 1,921 children aged 9-10 years and 15- 16 

years from three regions in Europe. The participants self-reported daily TV viewing habits and 

wore an accelerometer over two weekdays and two weekend days to measure daily activity 

counts per minute (cpm). The clustered metabolic-risk score included skin folds, hypertension, 

hyperglycemia, insulin resistance, HDL cholesterol and triglycerides.  

TV viewing had no significant associations with HDL cholesterol and triglycerides 

before and after adjusting for physical activity and adiposity in children. There was no 
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significant association of TV viewing with clustered metabolic risk (p = 0.053).  The findings 

suggested that children may be too young to have high cholesterol due to prolonged TV 

watching.  

In a Spanish cross-sectional analysis examined by Martinez-Gomez et al.68, the authors 

tried to estimate the effect of TV viewing on CVD risk factors in 425 adolescents aged 13 to 18.5 

years. This study collected self-reported TV viewing information and blood samples between 

2000 and 2002. TV viewing was categorized into “low TV viewing” (≤ 3hr/day) and “high TV 

viewing” (> 3 hr/day). A combined CVD risk score included triglycerides, HDL cholesterol, 

LDL cholesterol, and glucose levels.  

The analysis showed that high TV viewers had less favorable values of HDL cholesterol 

and CVD risk score compared with low TV viewers. There were no significant associations of 

TV viewing with total cholesterol, triglycerides, and LDL cholesterol. In adolescents, an 

unfavorable effect of excessive TV viewing on CVD risk was observed in this study.  

1.2.4.5 Prospective cohort studies 

Hancox et al.83 utilized a birth cohort study to assess the association of TV viewing in childhood 

with adult health in 1000 subjects born in New Zealand, in 1972/1973 at a follow-up until age 26 

years.  Parents provided the information on TV viewing weekly at ages 5, 7, 9, and 11 years. At 

ages 13, 15, and 21years, subjects answered the amount of time spent watching TV on weekdays 

and at weekends. At age 26 years, adult health was analyzed.  

The authors found moderate correlations between mean TV viewing hours at different 

ages. Average TV viewing at age 5-15 significantly predicted higher cholesterol at age 26 years. 

Additionally, TV viewing in childhood (age 5-11 years), adolescence (13-15), and young 

adulthood (21) were also significantly associated with raised cholesterol levels at age 26 years. 
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Results from population-attributable fractions showed that 15% of increased cholesterol in 

adulthood could be related to daily watching TV for more than 2 hours during childhood and 

adolescence (age 5-15 years).  

This prospective analysis suggested that TV viewing habits might persist from childhood 

into young adulthood. Excessive TV viewing in childhood and adolescence may cause long-

lasting unfavorable effects on adult health. However, only one type of measurement of adult 

health cannot provide complete information on health change over time. Also, information on 

TV viewing reported by parents might underestimate the real viewing time, which may attenuate 

the association.  

Another prospective study conducted by Wijndaele et al.12 assessed whether greater TV 

viewing time was associated with increased cardiometabolic risk through 1999/2000 and 

2004/2005 measurements of the AusDiab Study. The authors found that increased TV viewing 

predicted an increase in clustered cardiometabolic risk score and triglycerides in women 

independent of diet quality and physical activity. A series of analyses in the AusDiab Study only 

found the TV-lipid association in women so sex variation should be taken into account for 

further analyses. Furthermore, country and race need to be considered as possible covariates for 

this association. 

1.2.4.6 Summary  

Cross-sectional and prospective studies both provide data that TV viewing is associated with 

serum cholesterol. TV viewing and physical activity may have independent effects and be 

differently related to cholesterol levels. The association between TV viewing and high 

cholesterol may be mediated by sedentary lifestyle, unhealthy diet, and adiposity, which were 

caused by excessive TV viewing. Older age, which is another risk factor of high cholesterol, may 
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explain that the association between TV viewing and cholesterol level was rarely observed in 

children and adolescents. Hence, it is reasonable for us to investigate cardiometabolic risk among 

young adults. However, there is an increasing trend of obesity in children and adolescents so 

more evidence linking TV viewing to serum cholesterol in those populations is needed. It is still 

unknown whether the effect of TV viewing on cardiometabolic risk is short-term or long-term. 

That is another important issue to solve in the future.   

1.2.4.7 Relation of high cholesterol to CVD 

 High blood cholesterol is one major modifiable risk factor for CVD.84 Importantly, the age of 

diagnosis of hypercholesterolemia is decreasing. Around one in five youth aged 12-19 had 

abnormal cholesterol levels.85 Li et al. monitored children for 22 years to examine the 

longitudinal influence of LDL cholesterol on carotid vascular changes.86 They reported that LDL 

cholesterol level in childhood was a good predictor of adult carotid intima-media thickness 

which affects poor cardiovascular condition in adolescents and cardiovascular morbidity and 

mortality in adults.87 Frontini et al. indicated that high blood cholesterol in adolescence was 

associated with atherosclerosis in adulthood.88 Amarenco et al. systematically reviewed 

epidemiological evidence to find that HDL cholesterol was inversely associated with stroke 

risk.89 Additionally, a meta-regression analysis reported by Labreuche et al. showed that plasma 

triglyceride levels significantly predicted the risk of stroke (adjusted relative risk = 1.05 per 10 

mg/dL increase; 95% CI = 1.03-1.07).90 When other risk factors (such as hypertension) exist 

together, CVD risk increases even more.91 Hence, it is crucial to control cholesterol levels as 

early as possible. 
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1.2.5 High blood pressure 

1.2.5.1 Definition  

High blood pressure is defined as (1) mean systolic blood pressure ≥ (SBP) 140 mm Hg or (2) 

mean diastolic blood pressure (DBP) ≥ 90 mm Hg or (3) taking high blood pressure medicine.92 

High blood pressure is highly prevalent in the United States in which around 1 of 3 adults has 

high blood pressure. It raises the risk of heart disease and stroke, the first and third contributing 

causes of mortality in the United States.  

1.2.5.2 Prevalence 

In 2006, an estimated 74.5 million adults had high blood pressure (35.7 million men and 38.8 

million women).5 Data from the CDC showed that the percentage of adults with high blood 

pressure was 33.93 American Africans are more likely to develop high blood pressure than 

Caucasians. According to the American Heart Association statistics, the number of death caused 

by high blood pressure was 56,561 in 2006.5 That is, 17.8% of all-cause death was from high 

blood pressure. Additionally, from 1996 to 2006, there was a 19.5% increase in high blood 

pressure related death rate.5  

1.2.5.3 Relation of TV viewing to high blood pressure 

Unhealthy behaviors including unfavorable diet, adiposity, and physical inactivity can put people 

at a raised risk of developing hypertension.94 Evidence shows that TV viewing is associated with 

these unhealthy behavioral risk factors. Excessive TV viewing may be an initial trigger for high 

blood pressure risk. The following epidemiological evidence suggests a negative effect of TV on 

high blood pressure. 



 33 

1.2.5.4 Cross-sectional studies  

Sidney et al. reported that heavy TV viewing had no association with hypertension compared 

with light TV viewing in young adults aged 23 to 35 years.19   

The UK study examined by Jakes et al. found that TV viewing was positively associated 

with diastolic blood pressure and systolic blood pressure adjusted for physical activity and BMI 

in adults aged 45 to 74 years. In addition, the authors suggested that reduction in TV viewing and 

vigorous activity had a joint-effect on decreased diastolic blood pressure. For participants who 

had vigorous exercise 1 hr/week and watched TV less than 2 hr/day, diastolic blood pressure was 

3.6 mmHg in men and 2.7 mmHg in women lower than for those who did not have vigorous 

exercise and watched TV more than 4 hr/day.49 

In a Danish study, Aadahl et al. showed us that adjusting for physical activity and diet, 

time spent on TV viewing had a linear association with both systolic and diastolic blood pressure 

in 33-64 year-old adults.80    

In the 1999-2000 survey of AusDiab study, Healy et al. found a dose-response 

relationship of TV time with systolic blood pressure independent of physical activity and diet for 

physically active adults (mean age, 47 years).11 

Another AusDiab survey in 2004-2005 suggested that TV viewing time had a linear 

association with diastolic and systolic blood pressure in women. The associations became non-

significant after controlling for diet, physical activity, and waist circumference. It indicated that 

diet, physical activity, and adiposity are important mediators between TV viewing and high 

blood pressure.81         

To date, limited studies estimated whether children show the association of TV viewing 

with high blood pressure. By using data from the European Youth Heart Study, Ekelund et al. 
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found that TV viewing had no association with blood pressure in children of age 9-10 and 15-16 

years.82  

1.2.5.5 Prospective cohort studies 

The New Zealand cohort study conducted by Hancox et al. showed that TV viewing during 

childhood (age 5-11 years), adolescence (age 13-15 years), and young adulthood (age 21 years) 

had no association with blood pressure at age 26 years.83  These null results might be caused by 

underestimation from parents’ TV-viewing reports. Additionally, youth may be too young to 

develop high blood pressure.    

 The AusDiab 5-yr follow up study conducted by Wijndaele et al. observed that change in 

TV viewing time had a linear increase in diastolic blood pressure change among adults 

independent of diet quality (women: 0.48mmHg, 95% CI = 0.03-0.92). This linear relationship 

was slightly attenuated by additional adjustment for physical activity (women: 0.47mmHg, 95% 

CI = 0.02-0.92), and it became non-significant after additional adjustment for waist 

circumference (women: 0.33mmHg, 95% CI = −0.11-0.77).12   

1.2.5.6 Summary  

Most studies seem to support the harmful influence of TV viewing on blood pressure, especially 

in adults older than middle-age. This indicates that development of high blood pressure may be a 

long-term issue. Diet, physical activity, and weight play a role in this association between TV 

viewing and cardiometabolic risk. Intervention to reduce TV viewing time as early as possible 

could be effective for reduction of CVD development. However, more evidence for the effect of 

TV viewing on hypertension is needed.  
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1.2.5.7 Relation of high blood pressure to CVD 

Besides high cholesterol, high blood pressure is another well-known modifiable risk factor for 

CVD.84 Data from American Heart Association suggest that 77% of Americans who have a first 

stroke have hypertension; 69% for first heart attack; 74% for first heart failure.95 A large cohort 

study in the Asia Pacific region including Australia, mainland China, Hong Kong, Japan, New 

Zealand, Singapore, South Korea, and Taiwan throughout 3 million person-years of follow-up 

indicated that reduction in systolic blood pressure was associated with lower stroke risk and 

lower ischaemic heart disease risk.96 Clinical trials also demonstrated that lowering blood 

pressure levels could decrease risk for heart failure.97-98 To control blood pressure is an important 

prevention targeted to ease the world’s cardiovascular burden. 

1.2.6 Hostility  

1.2.6.1 Definition  

Anger, aggression, and hostility are highly correlated but are seldom well-distinguished. Anger 

has been seen as an unpleasant feeling that may be expressed as disinhibition (temper tantrums to 

rages) or overinhibition (silent seething or resentment), which stimulates high levels of 

sympathetic arousal.99 Aggression refers to verbal and physical behaviors to attack, hurt or injure 

others intentionally. Hostility has been defined as a personality trait that includes a set of 

cognitive, emotional, and behavioral components encompassing cynicism, anger, mistrust, and 

aggression.100 It also represents a combination of negative attitudes, beliefs, and appraisals 

toward others. Hostile people have a propensity to show malicious intent or feel anger toward 

others and a tendency to respond to frustrating situations with anger or irritation.28, 99 These 

negative attitudes and angry feelings may motivate aggression. 
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1.2.6.2 Relation of TV viewing with hostility 

Oakley and colleagues 101 suggest that television has become the most influential provider of 

information, replacing family, schools, religion, and community sources. Over the past 40 years, 

numerous epidemiological studies have supported the notion that TV viewing is associated with 

hostility and aggression.102-106 Among cross-sectional studies, Sidney et al. observed that TV 

viewing was positively associated with hostility.19 Among experimental studies, children who 

watched a violent program were more likely to behave in a hostile way during social 

interaction.30-32 Among longitudinal studies, Johnson and colleagues mentioned a positive 

association between amount of time spent watching TV during adolescence and young adulthood 

and the likelihood of subsequent threatening aggression and assaults or fights.105 This relation 

remained after controlling for baseline aggression along with other relevant variables. 

Moreover, psychological theories proposed explanations for the association between TV 

viewing and increased risk of both short- and long-term aggressive and hostile behaviors.107-110 

Social cognitive theory suggests that children often imitate new behaviors that they witness, and 

thus they are more likely susceptible to high-risk behaviors if they watch more television.111-112 

Excitation transfer theory states that media violence and high risk activities increase 

psychological stimulation, which causes subsequent hostile feelings and behaviors.112-114 In 

addition, TV violence may desensitize an individual to cruel and violent scenes.115-116 Rooted in 

these theories, prolonged TV exposure contributes to hostility. However, the relationship 

between TV viewing and hostility could be bidirectional because hostile people may tend to 

watch more TV than their counterparts. 
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1.2.6.3 Relation of hostility to CVD 

Epidemiologic evidence suggests that hostility is a predictor of coronary atherosclerosis23, 117-118, 

coronary artery disease27, 119-121, coronary artery calcification25, 122, all-cause mortality and 

cardiovascular mortality119-120, 123. A meta-analysis of 25 studies suggested a positive effect of 

anger and hostility on coronary heart disease (hazard ratio [HR], 1.19; 95% CI, 1.05 to 1.35). It 

has also been shown that hostility is predictive of cardiovascular risk factors. Hostility is related 

to increase risk of physiological factors (BMI, fasting glucose, lipid levels, and blood pressure)27, 

124-125 and behavioral factors (alcohol consumption and smoking)25, 124, 126. Barefoot et al.119 

found that hostility was positively correlated with BMI and physical activity in older Danish 

adults. Additionally, the authors reported that the cynicism subset of hostility was marginally 

associated with myocardial infarction and mortality. The hostile attribution and hostile affect 

subsets were significant predictors for both outcomes, while the aggressive responding subset 

was not. For children and adolescents, Raikkonen et al.20 found that hostility was associated with 

BMI. This association was significant in hostile aggressive and aggressive responding subsets 

but not in the cynical attitudes subset. These findings may be explained by the age differences 

for these various aspects of hostility, in which suspicion and cynicism values tend to be higher in 

later life, while aggressiveness values are lower.127 Meanwhile, Raikkonen et al. showed that 

hostility could predict insulin resistance (IRI) and metabolic syndrome defined as the presence of 

at least two of the following risk factors above the 75th percentile of their counterpart groups: 

BMI, IRI, ratio of TG to HDL-G, and mean arterial blood pressure. In adults, Sutin et al.128 also 

indicated that angry hostility and impulsiveness were associated with metabolic syndrome 

defined as having at least three of the following risk factors: abdominal obesity, elevated 

triglycerides, HDL, blood pressure and blood glucose.   
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1.2.6.4 Potential mechanisms linking hostility and CVD     

Smith provided a series of models to explain the relationship between hostility and health.28 

Certainly, the models also can unveil how hostility affects CVD.    

A. Psychophysiological effect 

Negative emotions affect sympathetic and parasympathetic functions of the autonomic nervous 

system which mediates cardiovascular and neuroendocrine responses. Hostility contributes to an 

increase in blood pressure, heart rate, and stress-related hormones. Further, it impairs immune 

functioning, increasing inflammation and thrombogenesis (i.e., exaggerated platelet reactivity, 

endothelial dysfunction, and aggregation of blood clot).   

B. Psychosocial vulnerability effect 

Given cynical and hostile characteristics, it is possible that hostile people have more 

interpersonal conflicts and less social supports. These interpersonal conflicts may occur at work, 

in their family of origin and marriage. Hostile people also tend to report severe daily hassles and 

increases in negative life events. This psychosocial difficulty may cause hostile people to be 

more vulnerable to CVD.      

C. Transactional effect 

The transactional model is an advanced interaction of the psychophysiological and psychosocial 

models. Hostile people do not just simply react to the stressors via physiological responses. 

Further, cognitive, emotional, and behavioral traits cause hostile people to ‘create’ more 

stressors. By tending to attribute negative intent to the actions of others, behaving aggressively to 

others, and mistrusting others easily, hostile people could exacerbate interpersonal conflicts and 

undermine the availability of social support, which leads to continuing their hostile thoughts and 
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behaviors. A reciprocal effect between hostile people and unfavorable social environment 

increases the risk of the psychosocial vulnerability.   

D. Health-behavior effect  

Hostile people report a tendency toward poor health habits including smoking, alcohol 

assumption, unhealthy diet, and less physical activity. These negative health behaviors are also 

important predictors of CVD. It is not surprising that hostile people have an increased risk of 

CVD. 
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2.1 ABSTRACT 

Background: Little attention has been paid to the longitudinal association between television 

(TV) viewing and cardiometabolic risk in adults. Particularly, no cohort studies have been 

conducted for the U.S. adults.  

Objective: We aimed to investigate prospective effect of TV viewing on cardiometabolic risk 

variables (waist circumference, HOMA insulin resistance, fasting triglycerides, HDL-cholesterol, 

systolic blood pressure, and clustered cardiometabolic risk score) from young to middle 

adulthood in U.S. adults.    

Methods: We analyzed data on 3,269 participants from the Coronary Artery Risk Development 

in Young Adults (CARDIA) study – a prospective study of Black and White adults aged 23 to 35 

years at exam year 5 in 1990-91. We used cross-lagged panel models at exam years 5, 10, 15, 

and 20 over 15 years to test whether TV viewing predicts cardiometabolic risk variables while 

adjusting for physical activity and diet quality and other potential confounders.  

Results: The cross-lagged effect of TV viewing on clustered cardiometabolic risk score was 

significant (B= .058 and .051) except for TV viewing at year 10 to cardiometabolic risk at year 

15. TV viewing was positively associated with waist circumference, HOMA insulin resistance, 

and systolic blood pressure, whereas negatively associated with HDL-cholesterol and 

triglycerides.  

Conclusion: TV viewing is positively predictive of cardiometabolic risk variables from young to 

middle adulthood independent of physical activity and diet quality. 
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2.2 INTRODUCTION 

Cardiovascular disease is the leading cause of death not only in the United States7 but also 

worldwide129. Heart disease and stroke rank as the first and third cause of death in the U.S.7 81 

million American adults live with one or more types of cardiovascular disease, of which, 53% 

are estimated to be under age 60.5 The prevalence of metabolic syndrome is 20-40% in U.S. 

adults < 60 years of age.130 According to the statistics of World Health Organization (WHO), 

around 80% of coronary heart disease and cerebrovascular disease are associated with these 

behavioral risk factors.6 It is crucial to investigate the behavioral risk factors of cardiovascular 

disease in young population to prevent the disease early. 

Sedentary behaviors, such as television viewing, have been reported as one of the factors 

underlying the increasing prevalence of cardiometabolic risk.12-13 8-11, 14 Time spent engaged in 

TV viewing has increased over time. In 2010, Americans on average watched 5.3 hours of TV 

per day, suggesting that this leisure-time activity occupies a significant amount of time.2 TV 

viewing  may be the most ubiquitous recreational pastime in the United States.33  

Positive associations between TV exposure and cardiometabolic risk are consistently 

observed for adults in many populations including American8, French9, Australian10-12, British13, 

and Flemish14. These studies also indicated that TV viewing was associated with many 

individual cardiometabolic risk variables such as obesity, hypertension, dyslipidaemia, and 

increased plasma glucose, respectively.  

The association between TV viewing and cardiometabolic risk remains unclear, but may 

include lowering total energy expenditure due to increased sedentary time, or increasing intake 

of high caloric density and low nutrient foods due to snacking while watching TV or through the 

influence of food advertisements on TV.19 However, studies of adults have shown a positive 
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association between TV viewing and cardiometabolic risk independent of physical activity and 

diet consumption8-14, 19, suggesting either residual confounding or other mechanistic pathways.  

Several well-conducted cross-sectional studies have found TV viewing is an important 

determinant of the prevalence of metabolic syndrome.8-9, 11, 14 To date, only two prospective 

studies have reported that TV viewing is positively related to cardiometabolic risk in adults.12-13 

One study showed that 5-year change in TV exposure predicted increasing clustered 

cardiometabolic risk in 3,846 Australian adults at mean age 48 years at baseline.12 The other 

study reported a positive association between TV viewing frequency at age 23 years and 

increased cardiometabolic risk at age 44 years in 5,972 British adults, suggesting that there was a 

long-term longitudinal relationship between TV viewing and cardiometabolic risk.13 However, 

no studies have tested the prospective association between TV viewing and clustered 

cardiometabolic risk in the U.S. population. This study is also the first longitudinal study 

assessing repeated measures and cross-lagged effects which cannot be observed in traditional 

regression models. The Coronary Artery Risk Development in Young Adults (CARDIA) study is 

a prospective population-based study recruiting 5,115 U.S. adults aged 18 to 30 since 1985/6.131 

Using this cohort, we assessed the longitudinal relationship between TV viewing and 

cardiometabolic risk among young U.S. adults. The specific aim was to examine the prospective 

association between TV viewing and clustered cardiometabolic risk. We employed cross-lagged 

panel models to examine autoregressive effects and cross-lagged effects in depicting a thorough 

picture for plausible pathways between TV viewing and cardiometabolic risk. Additionally, 

cross-lagged panel models with multiple repeated measures allowed us to observe whether the 

association between TV viewing and cardiometabolic risk was consistent from young to middle 

adulthood.    
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2.3 MATERIALS AND METHODS 

Participants - CARDIA 

The Coronary Artery Risk Development in Young Adults (CARDIA) Study is a prospective 

study designed to investigate the development and risk factors of cardiovascular disease in young 

adults since 1985-1986. At baseline, 5,115 Black and White young adults who were between the 

ages of 18 and 30 years were recruited.131 Recruitment selection at the first assessment made the 

study population approximately balanced for race (Blacks and Whites), gender, age (18-24 years 

and 25-30 years), and education (high school or less and more than high school). Participants 

were recruited from four geographic locations 1) Birmingham, Alabama, 2) Chicago, Illinois, 3) 

Minneapolis, Minnesota, and 4) Oakland, California. The same participants were followed up 

during 1987/8 (year 2), 1990/1 (year 5), 1992/3 (year 7), 1995/6 (year 10), 2000/1 (year 15), and 

2005/6 (year 20). Participation was high, with 70% retention through year 20.132 Because 

measurements of TV viewing were collected at year 5, year 10, year 15, and year 20, this study 

used data at these four follow-up examinations. Participants were excluded based on these 

conditions: (1) pregnant women at any of exam years; (2) medication use for hypertension, 

hypercholesterolemia, or diabetes at year 5; (3) medication history of hypertension, 

hypercholesterolemia, or diabetes at year 5; (4) missing data of covariates at year 5.  This study 

included 3,269 adults.  

Measures 

Television Viewing - Number of daily TV viewing hours, the primary exposure of 

interest for the currently proposed analyses, was assessed by a self-administered questionnaire 

asked at years 5, 10, 15, and 20. Participants were asked, “On average, about how many hours 

per day do you watch television?”  We therefore had a continuous measure of self-reported hours 
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of TV viewing per day for each of four examinations throughout a span of 15 years. Outliers 

were not excluded since the results did not change significantly before or after removing outliers.  

      Cardiometabolic Risk - Participants were standing and dressed in light clothing 

without shoes for anthropometric measures, which was assessed at each CARDIA examination. 

Body weight was measured to the nearest 0.2 kg with a calibrated balance beam scale. Height 

was measured with a vertical ruler to the nearest 0.5 cm. BMI was calculated as weight in 

kilograms divided by height in meters squared. Waist was measured with a tape measure in 

duplicate to the nearest 0.5 cm around the minimal abdominal girth. Prior to each CARDIA 

exam participants were asked to fast for ≥ 8 hours and avoid smoking and heavy activity for two 

hours for blood analyses at each CARDIA examination, but fasting insulin and glucose were 

only measured at years 0, 7, 10, 15, and 20. Vacuum tubes containing no preservative were used 

to draw blood. Serum was separated by centrifugation at 4oC and stored in cryovials at -70 oC. 

Northwest Lipid Research Clinic Laboratory (Seattle, Wash) was used to measure serum 

cholesterol and triglycerides. For participants who did not fast for ≥ 8 hours prior to clinic exams, 

data on triglycerides, insulin and glucose were considered missing.  Blood pressure was 

measured on the right arm using a Hawksley random zero sphygmomanometer (WA Baum 

Company, Copaigue, NY, USA) with the participant seated and following a 5-minute rest. Three 

measurements were taken at 1-min intervals. The second and third measurements were averaged. 

A continuous clustered cardiometabolic risk score was created according to a metabolic 

syndrome cluster score developed by Drs. Jacobs and Pereira in the CARDIA study. A similar 

score has been published by other studies.12, 133-134 Each participant was assigned a Z-score for 

each of the following components: waist circumference, HOMA insulin resistance (fasting 

glucose x fasting insulin / 22.5) (natural log), fasting triglycerides (natural log), HDL-cholesterol, 
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and systolic blood pressure. The Z-scores (z= (value - mean) / SD) were then summed within 

participant to create the clustered score at years 7, 10, 15, and 20. Means and SD of year 7 were 

used for standardization at each following exam year. The Z-score for HDL-cholesterol was 

assigned a negative sign. A higher Z-score meant higher cardiometabolic risk. Due to the lack of 

fasting glucose and insulin at year 5, the clustered cardiometabolic risk score at year 7 was a 

surrogate for year 5. 

Covariates – All covariates were assessed by interviewer-based questionnaire at each 

CARDIA examination with the exception of diet. The demographic and behavioral covariates 

included highest level of education completed (high school or further education), family income 

(<24,999, 25,000-49,999, or ≥50,000), alcohol use (0, 1-6, or ≥7 drinks/week), smoking status 

(never or former/current). Medication use at follow-ups was assessed by interviewer-based 

questionnaire for hypertension, hypercholesterolemia, or diabetes (yes/no). The continuous 

physical activity score was measured by intensity level and the number of months spent in 13 

different activities of heavy (≥ 5 metabolic equivalents (METS)) and moderate (3-4 METS) 

intensity during the past year.135 Diet was assessed at years 0, 7, and 20 using the CARDIA Diet 

History questionnaire.136 The continuous dietary pattern score was assessed by types and 

amounts of food consumption over the past month. According to comparable nutrient 

characteristics and biological effects, foods were assigned into 46 groups which, in turn, were 

categorized as beneficial (N = 20), adverse (N = 13), and neutral (N = 13). 137 Depending on the 

quintiles of consumption among participants, each participant was assigned scores 0−4 for 

beneficial foods plus scores in reverse order 4−0 for adverse foods. We coded non-consumers of 

a certain type of food group as 0, and classified consumers into quartiles with scores from 1 to 4. 

The dietary pattern score was the sum of scores for the 46 food groups so the maximum dietary 
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pattern score was 132. A higher dietary pattern score represented better diet quality.137 

Assessment of diet at year 7 was a surrogate for year 5 of this study. There are several reasons to 

support that diet at year 7 is a more appropriate surrogate compared with diet at year 0. The 

dietary pattern at year 5 should be closer to year 7 than year 0. Additionally, longitudinal trends 

in diet for the CARDIA study participants this current study assessed indicated similar dietary 

patterns by matching age group at exam years 0, 7, and 20, especially from year 7 to year 20.137 

Older people remained higher diet quality compared with younger people over time. It was 

assumed that diet at year 7 would be a better representative of diet quality throughout this study 

relative to diet at year 0.   

Statistical Analyses 

SAS version 9.2 was used to conduct descriptive analyses and correlation matrices. The Chi-

square tests were used to assess the significance of bivariate associations for categorical 

outcomes. One-way ANOVA tests were used to assess the significance of bivariate associations 

for continuous outcomes. Wilcoxon signed rank sum tests were used to exam the significance of 

the median difference between year 20 and year 5. Spearman correlation coefficients were 

performed for correlation analysis. A p-value < 0.05 was considered statistically significant. 

Cross-lagged panel model was specified to examine the prospective relationships between TV 

viewing and cardiometabolic risk variables (clustered cardiometabolic risk score waist 

circumference, HOMA insulin resistance, fasting triglycerides, HDL-cholesterol, and systolic 

blood pressure, respectively) over a total of four five-year intervals (Figure 2-1). Cross-lagged 

panel model was assessed using structural equation modeling (SEM) in MPlus version 6. Data 

may be missing due to participants dropping out of the study or due to missing data, such as a 

missed or insufficient blood sample or missing questionnaires. Our missing data were 
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demonstrated as Missing Completely at Random (MCAR) so SEM techniques in general (and 

MPlus specifically) can accommodate/estimate missing data using either maximum likelihood or 

multiple imputation. 

Our model was adjusted for stable variables at baseline and time-varying variables at 

each exam year. A cross-lagged panel model included autoregressive effects within the same 

variables, cross-lagged effects for TV viewing and cardiometabolic risk to prospectively predict 

each other, and adjustment for covariates. This model allowed us to examine each of the cross-

lagged paths individually while adjusting for important covariates. Since the scales of our 

variables were very different, we standardized variables to help build models. Weighted least 

squares means with variances adjustment (WLSMV) was used to minimize the difference 

between observed and implied variances and covariances. WLSMV doesn't have any distribution 

assumption; therefore, we did not test the normality of variables. Under this estimation, a Chi-

Square test was evaluated for the null hypothesis that our model fits the data by computing the 

ratio of the two log-likelihoods from the observed and model-implied covariance matrices. 

However, the Chi-Square test is sensitive to sample size. Hence, several Goodness of Fit 

measures were used in the SEM analyses to assess model fit. Comparative Fit Index (CFI) ≥ .95, 

Tucker-Lewis Index (TLI) ≥ .95, and root mean squared error of approximation (RMSEA) ≤ .06 

are usually considered ‘good’.138  Modification indices were used to identify a model with good 

model to the data. 
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2.4 RESULTS  

2.4.1 Participant characteristics 

Table 2-1 shows the demographic and behavioral distribution of 3269 participants by TV 

viewing time at baseline (Year 5). Mean age was 29.9 ± 3.6 years. Younger people spent more 

time watching TV at baseline. People who watched more TV had lower diet scores (mean = 59.7 

for the ≥ 4 hours of TV viewing per day group; mean = 72.8 for the 0 hour group) and physical 

activity scores (mean = 389.4 for the ≥ 4 hours group; mean = 428.9 for the 0 hour group). Males 

were more likely to spend more time watching TV compared with females (23% of males vs. 

20.6% of females in the ≥ 4 hours group). Blacks spent more time on TV viewing than Whites 

(35.9% of Blacks vs. 8.6% of Whites in the ≥ 4 hours group). Most participants (81.1%) 

completed some education beyond high school during the CARDIA study. People who had 

further education than high school spent less time on TV viewing than those who had less 

education (40.8% of people who had less education vs. 17.4% of those who had further 

education than high school in the ≥ 4 hours group). People whose annual family income was ≥ 

50,000 watched less TV than those whose < 50,000 family income. People who smoked or drank 

alcohol ≥ 7 drinks/week were more likely to engage in TV viewing compared with those who 

never smoked or drank alcohol. 



 50 

2.4.2 Distribution of TV viewing, cardiometabolic risk variables, and physical activity 

score by year 

As Table 2-2 shows, TV viewing time decreased slightly over the 15-year span (means ± SD = 

2.5 ± 2.2, 2.4 ± 2.0, 2.3 ± 1.9, and 2.4 ± 2.3 at years 5, 10, 15, and 20, respectively). Physical 

activity also decreased over time. Clustered cardiometabolic risk score, waist circumference, 

fasting triglycerides, and systolic blood pressure levels increased over time. Although fasting 

glucose and fasting insulin varied over time, the levels of these variables were higher at year 20 

than year 5. HDL-cholesterol was assumed to decrease over time, but average HDL-cholesterol 

was similar at year 5 and year 20.  

2.4.3 Correlations among TV viewing and cardiometabolic risk variables 

As shown in Table 2-3, there were significantly positive correlations among TV viewing and 

clustered cardiometabolic risk score, waist circumference, HOMA insulin resistance, 

triglycerides, and systolic blood pressure. A significantly negative correlation was reported 

between TV viewing and HDL-cholesterol at year 15 (r = −.06, p =.007) and year 20 (r = −.08, p 

≤ .001), but TV viewing at year 5 was not significantly associated with HDL-cholesterol at year 

10 (r = −.02, p = .350). The correlations among TV viewing and clustered cardiometabolic risk 

score, waist circumference, triglycerides, HDL-cholesterol, and systolic blood pressure became a 

little stronger over time. The correlations among TV viewing and triglycerides (r = .04, .06, 

and .07, respectively) and HDL-cholesterol (r = −.02, −.06, and −.08, respectively) were smaller 

than 0.1. 
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2.4.4 Cross-lagged panel model between TV viewing and clustered cardiometabolic risk 

score 

The results for the model summarized in Figure 2-1 supported the prospective effect from TV 

viewing to cardiometabolic risk assumption and fit the data well, χ2(381) = 3566.31, CFI = .962; 

TLI = .950; RMSEA = .051. TV viewing exhibited significant temporal stability (B= .640, .793, 

and .730), as did clustered cardiometabolic risk score (B= .834, .902, and .859). In addition, the 

five-year lagged effect of TV viewing on clustered cardiometabolic risk score was significant 

and positive (B= .058 and .051) except for TV viewing at year 10 to clustered cardiometabolic 

risk score at year 15. In other words, an increase of 1 standardized unit of TV viewing at year 5 

was associated with an increase of .058 standardized unit of clustered cardiometabolic risk score 

at year 10. An increase of 1 standardized unit of TV viewing at year 15 was associated with an 

increase of .051 standardized unit of clustered cardiometabolic risk score at year 20. The five-

year lagged effect of clustered cardiometabolic risk score on TV viewing was significant, while 

the direction showed negative, positive, and negative over time (B= −.208, .315, and −.069); 

however, the inconsistent effect might imply that clustered cardiometabolic risk score is not an 

important predictor of TV viewing. The autoregressive effects of TV viewing and clustered 

cardiometabolic risk score were much stronger than the cross-lagged effects. The values of R2 

indicated that the estimated proportion of clustered cardiometabolic risk score (R2 

= .237, .874, .819, and .773) was mostly explained by the model better compared with TV 

viewing (R2 = .342, .639, .744, and .590).  
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2.4.5 Cross-lagged effects of TV viewing on five cardiometabolic risk variables 

Table 2-4 represents the differential cross-lagged effects from TV viewing to five 

cardiometabolic risk variables from young to middle adulthood. TV viewing time at year 5 was 

positively associated with waist circumference and HOMA insulin resistance at year 10. In 

addition, TV viewing predicted an increase in systolic blood pressure 5 year later at each 

examination. A negative association was observed between TV viewing and HDL-cholesterol 

except for a positive effect of TV viewing at year 5 on HDL-cholesterol at year 10. TV viewing 

time at year 10 was negatively related to triglycerides at year 15. The associations between TV 

viewing and HDL-cholesterol and triglycerides were not consistent and robust as our hypotheses.   

2.5 DISCUSSION 

Over 15 years of follow-up of a cohort of American adults aged from young to middle adulthood, 

we observed a significant prospective association between TV viewing and cardiometabolic risk. 

In particular, higher levels of TV viewing predicted an increase in clustered cardiometabolic risk 

score in adults from the ages of 23-35 to 28-40 and 33-45 to 38-50. However, the effects of 

clustered cardiometabolic risk score on TV viewing were bi-directional throughout the whole 

study. TV viewing was positively associated with waist circumference, HOMA insulin resistance, 

and systolic blood pressure, while negatively associated with HDL-cholesterol and triglycerides. 

The significant stability within TV viewing implies that people continued this behavior over time, 

which may accumulate adverse health outcomes such as cardiometabolic risk. Our data 

suggested that prolonged TV viewing may have been an upstream contributing risk factor toward 
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cardiometabolic risk independent of several potential confounders including diet and physical 

activity. These associations of TV viewing and clustered cardiometabolic risk score, waist 

circumference, and systolic blood pressure were also observed by two other longitudinal studies, 

although the components of clustered cardiometabolic risk score were slightly different among 

studies.12-13   

Prospective associations of TV viewing on clustered cardiometabolic risk score varied 

over time. From year 10 to 15 (ages 28-40 to 33-45), TV viewing was not associated with 

clustered cardiometabolic risk score. There are several potential explanations. First, participants 

spent less time watching TV, on average, at these two examination years so the association of 

TV viewing on clustered cardiometabolic risk score might be smaller than the associations at the 

other examination years.  Second, the association might be reduced after adjusting for the 

covariates. Third, it remains unclear whether the effect of TV viewing on clustered 

cardiometabolic risk score is short-term (≤ 5 years) or long-term (> 5 years). One British Birth 

Cohort study reported a positive association between TV viewing at age 23 years and adverse 

cardiometabolic profiles at age 44 years,13  suggesting that the TV viewing effect, if real, might 

be long-term. Hence, it is possible that our panel model with 5-year intervals may have been 

underpowered. Future research on the effect of time intervals of the association between TV 

viewing and cardiometabolic risk variables at different ages is needed.      

The prospective association of clustered cardiometabolic risk score on TV viewing is still 

unknown. To our knowledge, there is only cross-sectional evidence supporting a positive 

association between TV viewing and clustered cardiometabolic risk score.8-9, 11, 14 Our data 

suggested that clustered cardiometabolic risk score may not be an important risk factor of 

excessive TV use. However, without adjusting for medication use, the three cross-lagged effects 
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of clustered cardiometabolic risk score on TV viewing were all positive and significant (data not 

shown). The results might imply that medication use is a “suppressor” for the effect. People who 

took medication might live a physically active life so their TV viewing time might reduce.        

Cross-sectionally, TV viewing is associated positively with triglycerides and negatively 

with HDL-cholesterol.10-11 However, it has been reported that either baseline TV watching time 

or 5-year change in TV viewing had no association with changes in triglycerides and HDL-

cholesterol from baseline to 5 years.12 Another study also found no associations between TV 

viewing frequency in early adulthood and adverse triglycerides and HDL-cholesterol profiles in 

middle age.13 In addition to our inconsistent findings and small values of correlation, TV viewing 

might not be an important predictor of triglycerides and HDL-cholesterol.   

The positive association of TV viewing on waist circumference, HOMA insulin 

resistance, and systolic blood pressure may reflect the increased risk of obesity, diabetes, and 

hypertension induced by prolonged sedentary behaviors. The effect of TV viewing seems 

stronger on systolic blood pressure than on waist circumference and HOMA insulin resistance. 

Another CARDIA study reported an improvement in food consumption over 20 years.137 It may 

imply that no adjustment for diet at each year could bias the impact of TV viewing toward the 

null. This may explain the absence of associations between TV viewing and waist circumference 

and HOMA insulin resistance after year 10. Our physical activity score did not include light-

intensity physical activity which could be beneficially associated with waist circumference and 

clustered metabolic risk.139 People might do light-intensity exercise during leisure time, which 

could reduce the impact of TV viewing on cardiometabolic risk.   

Strengths of our study included the repeated measurements in a population-based cohort. 

This is the first prospective study to explore the association between TV viewing and 
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cardiometabolic risk variables in American adults from young to mid-age. Also, this is the first 

study to examine the autoregressive and cross-lagged effects of TV viewing and cardiometabolic 

risk variables with regular time intervals. Our study is also appropriate for investigating dose-

response relationships. However, our study is not without limitations. The replacement of 

clustered cardiometabolic risk score at year 5 by year 7 could cause our data to not actually 

reflect years. It is possible that measurement error happened due to the self-reported behavioral 

variables including hours of TV viewing. We cannot rule out the possibility of residual 

confounding. Our population only included Black and White non-Hispanics so the results could 

not be generalized to other populations. The association between TV viewing and 

cardiometabolic risk could be biased toward the null by differential loss to follow-up.       

In conclusion, our data provided longitudinal evidence that generally suggest that TV 

viewing leads to higher levels of clustered cardiometabolic risk score, waist circumference, 

HOMA insulin resistance, and systolic blood pressure independent of diet and physical activity. 

Our findings support the importance of reducing sedentary behaviors, especially TV viewing, in 

the prevention of cardiometabolic risk and, in turn, cardiovascular disease and type 2 diabetes. 

Further longitudinal research to explore the mechanisms between TV viewing and 

cardiometabolic risk variables is needed.  
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2.6 TABLES AND FIGURES 

Table 2-1. Demographic and behavioral distribution of participants by TV viewing time at baseline (year 5) 

  Hours Spent Watching TV per day     

 
0 (N = 328) 1 (N = 826) 2 (N = 854) 3 (N = 549) ≥ 4 (N = 712) 

 
Total (N = 3269) 

Characteristic  N (%)  N (%)  N (%)  N (%)  N (%)  p value N (%)  
Age (y) 30.4 ± 3.5a 30.4 ± 3.4 29.9 ± 3.6 29.6 ± 3.8 29.2 ± 3.8 <.001c 29.9 ± 3.6 

        Diet score 72.8 ± 12.2 71.2 ± 11.2 66.8 ± 11.7 63.7 ± 11.8 59.7 ± 10.3 <.001c 66.6 ± 12.2 

        Physical activity score  428.9 ± 278.1 419.6 ± 293.1 422 ± 307.1 360.6 ± 297.3 319.4 ± 284.1 <.001c 389.4 ± 297.2 

        Sex (%) 
            Male   130 (8.2)b 419 (26.5) 412 (26.0) 257 (16.3) 364 (23.0) .006d 1582 (48.4) 

     Female  198 (11.7) 407 (24.1) 442 (26.2) 292 (17.3) 348 (20.6) 
 

1687 (51.6) 

        Race (%) 
            Black non-Hispanic  68 (4.3) 218 (13.8) 380 (24.1) 344 (21.8) 566 (35.9) <.001d 1576 (48.2) 

     White non-Hispanic  260 (15.4) 608 (35.9) 474 (28.0) 205 (12.1) 146 (8.6) 
 

1693 (51.8) 

        Highest education (%)  
            ≤ 12 years 32 (5.18) 88 (14.2) 115 (18.6) 131 (21.2) 252 (40.8) <.001d 618 (18.9) 

     > 12 years 296 (11.2) 738 (27.8) 739 (27.9) 418 (15.8) 460 (17.4) 
 

2651 (81.1) 

        Annual family income (%)  
            < 24,999 139 (11.0) 213 (16.9) 293 (23.3) 208 (16.5) 406 (32.3) <.001d 1259 (38.5) 

     25,000-49,999  102 (8.5) 312 (26.0) 328 (27.4) 241 (20.1) 215 (18.0) 
 

1198 (36.7) 
     ≥ 50,000 87 (10.7) 301 (37.1) 233 (28.7) 100 (12.3) 91 (11.2) 

 
812 (24.8) 

        Smoking status (%) 
            Never  212 (11.4) 517 (27.7) 504 (27.0) 319 (17.1) 314 (16.8) <.001d 1866 (57.1) 

     Former/Current  116 (8.3) 309 (22.0) 350 (25.0) 230 (16.4) 398 (28.4) 
 

1403 (42.9) 

        Alcohol use (%)  
            0 (drinks/week) 164 (11.3) 350 (24.2) 391 (27.0) 255 (17.6) 288 (19.9) <.001d 1448 (44.3) 

     1-6  118 (10.6) 312 (28.1) 282 (25.4) 181 (16.3) 218 (19.6) 
 

1111 (34.0) 
     ≥ 7  46 (6.5) 164 (23.1) 181 (25.5) 113 (15.9) 206 (29.0)   710 (21.7) 

a Mean ± SD (all such values) 
b N (%) (all such values) 
c Results were tested by one-way ANOVA analysis 
d Results were tested by χ2 test 
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Table 2-2. Distribution of TV viewing, cardiometabolic risk variables, and physical activity by year 

   Year 5 Year 10 Year 15 Year 20 
year 5 vs. 
year 20  

Variables  Mean ± SD Mean ± SD Mean ± SD Mean ± SD p valueb 

Exposure  
          Hours of TV viewing daily 2.5 ± 2.2 2.4 ± 2.0 2.3 ± 1.9 2.4 ± 2.3 .434 

      Outcome  
          Clustered cardiometabolic risk score −.003 ± 3.5a 0.5 ± 3.6 1.3 ± 3.8 2.1 ± 4.0 <.001 

     Waist circumference (cm) 83.5 ± 13.7 85.3 ± 14.3 89.1 ± 15.3 91.5 ± 15.3 <.001 
     Fasting glucose (ug/dl) 89.0 ± 13.4a 87.2 ± 14.0 85.5 ± 16.5 97.2 ± 23.9 <.001 
     Fasting insulin (uU/ml) 13.6 ± 10.2a 13.5 ± 9.5 14.1 ± 10.7 16.0 ± 10.5 <.001 
     Fasting triglycerides (mg/dl) 82.1 ± 70.3 88.8 ± 70.5 102.0 ± 84.5 107.5 ± 77.8 <.001 
     HDL-cholesterol (mg/dl) 51.8 ± 13.9 50.2 ± 13.9 50.5 ± 14.4 53.9 ± 16.4 .803 
     Systolic blood pressure (mmHg) 107.7 ± 11.0 109.1 ± 11.6 112 ± 13.7 115.5 ± 14.4 <.001 

      Covariate 
          Physical activity score  389.4 ± 297.2 344.6 ± 278.8 358.7 ± 288.4 353.3 ± 281.8 <.001 

a Results were assessed at year 7 but not at year 5 
b Results were tested by Wilcoxon signed rank sum test for the median difference between year 20 and year 5 
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Table 2-3. Correlations between TV viewing and cardiometabolic risk variables 

    Clustered10 WST 10 HOMA10b TRI 10b HDL 10 SBP 10 
TV viewing 5 r a .16*** .16*** .18*** .04* −.02 .13*** 

 
p  <.001 <.001 <.001 .033 .350 <.001 

        
  

Clustered 15 WST 15 HOMA 15b TRI 15b HDL 15 SBP 15 
TV viewing 10 r .20*** .19*** .19*** .06** −.06** .18*** 

 
p  <.001 <.001 <.001 .004 .007 <.001 

        
  

Clustered 20 WST 20 HOMA 20b TRI 20b HDL 20 SBP 20 
TV viewing 15 r .21*** .20*** .18*** .07** −.08*** .20*** 
  p  <.001 <.001 <.001 .001 <.001 <.001 

Clustered = clustered cardiometabolic risk; WST = waist circumference; HOMA = HOMA insulin resistance; TRI = triglycerides; 
HDL = HDL-cholesterol; SBP = systolic blood pressure 
a Results were tested by Spearman’s rank correlation test 
b Variables were log-transformed (natural log) 
* p < .05; ** p < .01; ***p < .001 
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Figure 2-1. A cross-lagged panel model showing that TV viewing predicts increases in clustered 

cardiometabolic risk score independent of covariates. Regression weights are standardized. R2 represents the 

estimated proportion of the assumed underlying continuous variable explained by the model.  

§ Cardiometabolic risk 7 is a surrogate of cardiometabolic risk 5 

* p < .05; ** p < .01; ***p < .001 
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Table 2-4. Cross-lagged effects from TV viewing to five cardiometabolic risk variables respectively 

    WST 10 HOMA 10a TRI 10a HDL 10 SBP 10 
TV viewing 5 B .036* .098*** −.032 .099*** .138*** 

 
p   .019 <.001 .121 <.001 <.001 

       
  

WST 15 HOMA 15a TRI 15a HDL 15 SBP 15 
TV viewing 10 B -.018 .006 -.079** −.047** .046* 

 
p  .131 .742 .001 .003 .012 

       
  

WST 20 HOMA 20a TRI 20a HDL 20 SBP 20 
TV viewing 15 B .002 .039 .018 −.047** .117*** 
  p  .836 .057 .405 .001 <.001 

WST = waist circumference; HOMA = HOMA insulin resistance; TRI = triglycerides; HDL = HDL-cholesterol; SBP = systolic 
blood pressure. All cross-lagged panel models were adjusted for the same covariates as the clustered cardiometabolic risk model. 
Regression weights are standardized.  
a Variables were log-transformed (natural log). 
* p < .05; ** p < .01; ***p < .001 
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3.1 ABSTRACT 

Background: The prospective association between television (TV) viewing and obesity in adults 

has been paid little attention.  

Objective: We aimed to investigate prospective association between TV viewing and obesity 

using measures of body mass index (BMI) and waist circumference (WST) over 15 years of 

observation.      

Methods: We analyzed data on 3,269 participants from the Coronary Artery Risk Development 

in Young Adults (CARDIA) study – a prospective study of Black and White adults aged 23 to 35 

years at exam year 5 in 1990-91. We used cross-lagged panel models at exam years 5, 10, 15, 

and 20 over 15 years to assess the association between TV viewing and obesity while adjusting 

for physical activity and diet quality and other potential confounders.  

Results: The cross-lagged effects of TV viewing on obesity were significant from exam year 5 

to year 10 (B= .034 for BMI; .036 for WST).  

Conclusion: The findings indicate that higher levels of TV viewing predicted obesity in young 

adulthood but not in middle adulthood.  
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3.2 INTRODUCTION 

TV viewing is the most prevalent leisure-time sedentary activity in the United States, in which 

people spend, on average, 5 hours per day watching TV.2, 140 Emerging data suggest that 

prolonged TV watching is an important determinant for the increasing prevalence of obesity 

among different populations.47-49, 51-53 The underlying mechanisms include reduced overall 

energy expenditure due to lower energy required for TV viewing and increased overall energy 

intake due to the influence of food advertising and food references in TV programs.47  

Obesity remains a significant public health threat and is linked to numerous adverse 

chronic conditions including hypertension, hypercholesterolemia, diabetes, and coronary heart 

disease.70-72, 74-75 The prevalence of obesity in the United States has consistently increased and 

remained high over decades.141 The prevalence of overweight or obesity in children and 

adolescents is 16%, and increases to 66% in  adults.141 The prevalence of overweight and obesity 

increase starting at adults 20 years of age.141 The prevalence of cardiovascular disease associated 

with obesity by age also consistently increases in adults aged 20 and older.5 The increasing 

trends of obesity support that examining changes in potential risk factors for obesity (including 

TV viewing) in young adults is needed.  

Studies have shown a positive association between TV viewing and obesity in adults 

cross-sectionally47-48, 51, 57 and prospectively53-55, 142-143. The magnitude of the increases in obesity 

risk varied across studies depending on the covariates studied and by the way in which TV 

viewing and obesity were measured and categorized. A 6-year prospective study conducted by 

Hu et al. reported that the positive association between TV viewing and obesity was independent 

of physical activity and dietary factors.53 In addition, TV viewing showed a stronger significant 

effect compared with other sedentary behaviors including sitting at work, standing at work or 
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home, and brisk walking. This could be explained by a lower relative energy expenditure for TV 

viewing compared to  other sedentary behaviors such as sewing, reading, writing, and driving a 

car.144  

   Although previous studies have shown a prospective association between TV viewing 

and obesity, most prospective studies in adults were less than 10 years in duration. One of the 

prospective studies, the 1970 British birth cohort study found no association between TV 

viewing habits in childhood (at age 5 and 10 years) and obesity in adulthood (at age 30 years). 54 

The lag effect of TV viewing on obesity could decay due to the long time interval used in that 

study. In addition, the 1958 British birth cohort suggested that frequency of TV viewing 

influenced BMI gains from adolescence (at age 11 and 16 years) to adulthood (at age 23, 33, and 

45 years), but the frequency of TV viewing may not be an appropriate indicator of the effect.55 

     The positive relationship between TV viewing and obesity may be mutually 

influenced. TV viewing may increase obesity risk, while overweight and obese people may have 

a propensity for sedentary behaviors like TV viewing and consumption of high caloric food  

compared to normal-weight people. A Spanish cross-sectional study showed a significant 

interaction effect of TV viewing and weight status on abdominal obesity.68 In the overweight 

group, there was a significant positive association between TV viewing and waist circumference 

but there was no association in the normal-weight group. Nevertheless, to date, no research has 

examined the mutual or reciprocal influence of TV viewing and obesity to investigate the 

complicated relationship between TV viewing and obesity. 

We assessed duration of TV viewing per day and continuous values of BMI and waist 

circumference (WST) in young adults over a 15-year span using cross-lagged panel models.  We 

aimed to examine the cross-lagged associations between TV viewing and obesity in adults with 
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four repeated measures separated by 5-year intervals. Additionally, cross-lagged panel models 

with multiple repeated measures allowed us to observe whether the association between TV 

viewing and obesity was consistent from young to middle adulthood.    

3.3 MATERIALS AND METHODS 

Participants - CARDIA 

The Coronary Artery Risk Development in Young Adults (CARDIA) study, which began in 

1985-1986, is a prospective study designed to investigate the development and risk factors of 

cardiovascular disease in young adults. At baseline, 5,115 Black and White adults who were 

between the ages of 18 and 30 years were recruited.131 Recruitment selection at the first 

assessment made the study population approximately balanced for race (Blacks and Whites), 

gender, age (18-24 years and 25-30 years), and education (high school or less and more than high 

school). Participants were recruited from four geographic locations 1) Birmingham, Alabama, 2) 

Chicago, Illinois, 3) Minneapolis, Minnesota, and 4) Oakland, California. The same participants 

were followed up during 1987/8 (year 2), 1990/1 (year 5), 1992/3 (year 7), 1995/6 (year 10), 

2000/1 (year 15), and 2005/6 (year 20). Participation was high, with 70% retention through year 

20.132 Because measurements of TV viewing were collected at year 5, year 10, year 15, and year 

20, this study used data at these four follow-up examinations. Participants were excluded based 

on these conditions: (1) pregnant women at any of exam years; (2) medication use for 

hypertension, hypercholesterolemia, or diabetes at year 5; (3) medication history of hypertension, 

hypercholesterolemia, or diabetes at year 5; (4) missing data of covariates at year 5.  This study 

included 3,269 adults.  
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Measures 

Television Viewing - Number of daily TV viewing hours, the primary exposure of 

interest for the currently proposed analyses, was assessed by a self-administered questionnaire 

asked at years 5, 10, 15, and 20. Participants were asked, “On average, about how many hours 

per day do you watch television?”  We therefore had a continuous measure of self-reported hours 

of TV viewing per day for each of four examinations throughout a span of 15 years. Outliers 

were not excluded since the results did not change significantly before or after removing outliers. 

Obesity - Participants were standing and dressed in light clothing without shoes for 

anthropometric measures, which was assessed at each CARDIA examination. Body weight was 

measured to the nearest 0.2 kg with a calibrated balance beam scale. Height was measured with a 

vertical ruler to the nearest 0.5 cm. BMI was calculated as weight in kilograms divided by height 

in meters squared. Waist was measured with a tape measure in duplicate to the nearest 0.5 cm 

around the minimal abdominal girth.  

Covariates – All covariates were assessed by interviewer-based questionnaire at each 

CARDIA examination except diet. The demographic and behavioral covariates included highest 

level of education completed (high school or further education), family income (<24,999, 

25,000-49,999, or ≥50,000), alcohol use (0, 1-6, or ≥7 drinks/week), smoking status (never or 

former/current). Medication use at follow-ups was assessed by interviewer-based questionnaire 

for hypertension, hypercholesterolemia, or diabetes (yes/no). The continuous physical activity 

score was measured by intensity level and the number of months spent in 13 different activities 

of heavy (≥ 5 metabolic equivalents (METS)) and moderate (3-4 METS) intensity during the past 

year.135 Diet was assessed at years 0, 7, and 20 using the CARDIA Diet History questionnaire.136 

The continuous dietary pattern score was assessed by types and amounts of food consumption 
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over the past month. According to comparable nutrient characteristics and biological effects, 

foods were assigned into 46 groups which, in turn, were categorized as beneficial (N = 20), 

adverse (N = 13), and neutral (N = 13). 137 Depending on the quintiles of consumption among 

participants, each participant was assigned scores 0−4 for beneficial foods plus scores in reverse 

order 4−0 for adverse foods. We coded non-consumers of a certain type of food group as 0, and 

classified consumers into quartiles with scores from 1 to 4. The dietary pattern score was the sum 

of scores for the 46 food groups so the maximum dietary pattern score was 132. A higher dietary 

pattern score represented better diet quality.137 Assessment of diet at year 7 was a surrogate for 

year 5 of this study. There are several reasons to support that diet at year 7 is a more appropriate 

surrogate compared with diet at year 0. The dietary pattern at year 5 should be closer to year 7 

than year 0. Additionally, longitudinal trends in diet for the CARDIA study participants this 

current study assessed indicated similar dietary patterns by matching age group at exam years 0, 

7, and 20, especially from year 7 to year 20.137 Older people remained higher diet quality 

compared with younger people over time. It was assumed that diet at year 7 would be a better 

representative of diet quality throughout this study relative to diet at year 0.  

Statistical Analyses 

SAS version 9.2 was used to conduct descriptive analyses and correlation matrix. Chi-square test 

was used to assess the significance of bivariate associations for categorical outcomes. One-way 

ANOVA tests were used to assess the significance of bivariate associations for continuous 

outcomes. Wilcoxon signed rank sum tests were used to exam the significance of the median 

difference between year 20 and year 5. Spearman correlation coefficients were performed for 

correlation analysis. A p-value < 0.05 was considered statistically significant. Cross-lagged panel 

model was specified to examine the prospective relationships between TV viewing and obesity 
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(i.e., continuous values of BMI and waist circumference) over a total of four five-year intervals 

(Figure 3-1 and 3-2). Cross-lagged panel model was assessed using structural equation modeling 

(SEM) in MPlus version 6. Data may be missing due to participants dropping out of the study or 

due to missing data, such as a missed or insufficient BMI measures or missing questionnaires. 

Our missing data were demonstrated as Missing Completely at Random (MCAR) so SEM 

techniques in general (and MPlus specifically) can accommodate/estimate missing data using 

either maximum likelihood or multiple imputation. 

Our model was adjusted for stable variables at baseline and time-varying variables at 

each exam year. A cross-lagged panel model included autoregressive effects within the same 

variables, cross-lagged effects for TV viewing and obesity to prospectively predict each other, 

and adjustment for covariates. This model allowed us to examine each of the cross-lagged paths 

individually while adjusting for important covariates. Weighted least squares means and 

variances adjusted (WLSMV) was used to minimize the difference between observed and 

implied variances and covariances. WLSMV doesn't have any distribution assumption; therefore, 

we did not test the normality of variables. Under this estimation, a Chi-Square test was evaluated 

for the null hypothesis that our model fits the data by computing the ratio of the two log-

likelihoods from the observed and model-implied covariance matrices. However, the Chi-Square 

test is sensitive to sample size. Hence, several Goodness of Fit measures were used in the SEM 

analyses to assess model fit. Comparative Fit Index (CFI) ≥ .95, Tucker-Lewis Index (TLI) ≥ .95, 

and root mean squared error of approximation (RMSEA) ≤ .06 are usually considered ‘good’.138  

Modification indices were used to identify a model with good model to the data. 
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3.4 RESULTS 

3.4.1 Participant characteristics 

Table 3-1 shows the demographic and behavioral distribution of 3269 participants by TV 

viewing time at baseline (Year 5). Mean age was 29.9 ± 3.6 years. Younger people spent more 

time watching TV at baseline. People who watched more TV had lower diet scores (mean = 59.7 

for the ≥ 4 hours group; mean = 72.8 for the 0 hour group) and physical activity scores (mean = 

389.4 for the ≥ 4 hours group; mean = 428.9 for the 0 hour group). Males were more likely to 

spend more time watching TV compared with females (23% of males vs. 20.6% of females in the 

≥ 4 hours group). Blacks spent more time on TV viewing than Whites (35.9% of Blacks vs. 8.6% 

of Whites in the ≥ 4 hours group). Most participants (81.1%) completed some education beyond 

high school during the CARDIA study. People who had further education than high school spent 

less time on TV viewing than those who had less education (40.8% of people who had less 

education vs. 17.4% of those who had further education than high school in the ≥ 4 hours group). 

People whose annual family income was ≥ 50,000 watched less TV than those whose < 50,000 

family income. People who smoked or drank alcohol ≥ 7 drinks/week were more likely to engage 

in TV viewing compared with those who never smoked or drank alcohol. 

3.4.2 Means of TV viewing, BMI, WST, and physical activity score by year 

As Table 3-2 shows, TV viewing time decreased slightly over the 15-year span (mean in hours ± 

SD = 2.5 ± 2.2, 2.4 ± 2.0, 2.3 ± 1.9, and 2.4 ± 2.3 at years 5, 10, 15, and 20, respectively). 

Physical activity also decreased over time. In contrast, BMI and WST increased over time. 
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3.4.3 Correlations among TV viewing and BMI and WST 

Table 3-3 shows the correlations of prospective effects of TV viewing on BMI and WST 5 years 

later. Throughout the whole study, there were significant and positive correlations between TV 

viewing and obesity (r = .18, .20, and .22 for BMI; r = .16, .19, and .20 for WST). The 

correlations among TV viewing and BMI and WST slightly increased over time.  

3.4.4 Cross-lagged panel model between TV viewing and BMI and WST  

The results for the BMI and WST models summarized separately in Figure 3-1 and Figure 3-2 

supported the prospective association of the TV viewing to obesity hypothesis and fit the data 

well, CFI= .964; TLI= .954; RMSEA= .050 for BMI; CFI= .963; TLI= .952; RMSEA= .050 for 

WST. The TV viewing exhibited significant temporal stability (B= .637, .782, and .720 for BMI; 

B= .628, .803, and .718 for WST), as did the obesity risk (B= 1.012, .940, and .871 for BMI; 

B= .952, .914, and .908 for WST). In addition, the five-year lagged effects of TV viewing at year 

5 on BMI and WST at year 10 were significant (B= .034 and .036, individually), but were no 

longer significant after year 10. In other words, an increase of 1 standardized unit of TV viewing 

at year 5 was associated with an increase of .034 standardized unit of BMI at year 10. An 

increase of 1 standardized unit of TV viewing at year 5 was associated with an increase of .036 

standardized unit of WST at year 10. This result implied that TV viewing was associated with 

obesity in young adulthood but not in middle adulthood. The five-year lagged effect of obesity 

on TV viewing was significant but showed two directions (B= −.087, .151, and −.061 for BMI; 

B= −.147, .210, and −.072 for WST).  These inconsistent results imply that obesity, as indicated 

by BMI and WST, may be not an important determinant of TV viewing when controlling for 
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other factors. The values of R2 indicated that the estimated proportion of BMI and WST was 

mostly explained by the model better compared with TV viewing.  

3.5 DISCUSSION 

Our study found a positive association between TV viewing and obesity in young adulthood, 

whereas this association was not observed during middle age. The direction of influence from 

obesity on TV viewing varied from young to middle adulthood. This is the first study to assess 

the reciprocal effects between TV viewing and obesity simultaneously. The stable relationship 

within TV viewing indicated that people continued this sedentary behavior over time. The high 

levels of stability within BMI and WST implied that previous obesity was strongly contributing 

to subsequent risk of obesity. Our data suggest that TV viewing is predictive of risk of obesity 

for young adults independent of several possible confounders including dietary pattern and 

physical activity. This finding is consistent with previous studies of the association between TV 

viewing and obesity using measures of BMI19, 51, 53, 145 and WST12-13, 52, 145. In addition, the 

prospective effect of TV viewing on obesity appears to diminish as people age.      

Interestingly, TV viewing was positively associated with subsequent obesity for young 

adults but not for middle-aged. This finding was unexpected and suggests that middle-aged 

adults may differ from young adults in how they respond to the influence of TV viewing. 

Although studies in young adults52 and middle-aged adults53 indicate that TV watching is 

positively associated with obesity, it is plausible that young adults may be more susceptible to 

the effects of TV viewing on energy intake and expenditure than middle-aged adults. In the 

aspect of energy intake, it is possible that younger people are more likely to snack during TV 
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viewing and consume unhealthy food due to the seduction of TV advertising. It is also possible 

that people improve their dietary quality as they age because older people are more likely to care 

about their health and be capable of affording healthy but pricy food. One CARDIA study 

examining the longitudinal trends in diet found that diet quality of our CARDIA population 

increased with age at each exam year.137 In addition, dietary recommendations have become 

more prevalent and practical for the public to follow since 1985. Compared to the 1985 US 

Dietary Guidelines146 only encouraging more fruit and vegetables intake, the 2010 US Dietary 

Guidelines147 provide more specific dietary pattern such as increasing consumption of fruit, 

vegetables, whole grains, nuts, and seeds, seafood and low-fat dairy and controlling intake of 

meats, poultry, and eggs. The CARDIA study also found an improved dietary quality over 20 

years of observation from 1985/6 to 2005/6. These hypotheses and studies may explain our 

unexpected finding, suggesting that aging or secular trends may play a role in the associations 

between TV viewing and obesity.       

With regard to energy expenditure, although one CARDIA study148 assessing the 

longitudinal trends in physical activity and our data suggest that people decreased their levels of 

physical activity over time, we had no measure of light-intensity activity. Healy et al. found that 

sedentary behavior had a strong and negative correlation with light-intensity exercise.139 

Additionally, light-intensity exercise was a contributor to a reduction in obesity. It is possible 

that middle-aged people substitute light-intensity activity for TV viewing given that the mean 

TV viewing time slightly declined throughout the study. Rooted in these possibilities, TV 

viewing would become too minor a factor in middle-aged adults relative to other risk factors for 

obesity. Of course, we cannot rule out the possibility that 5-year interval is not appropriate to 

detect the prospective effect of TV viewing on obesity in middle-aged adults. Additionally, we 
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cannot rule out the role of attrition over time. Dudley et al. indicated that Blacks, those who are 

younger, less educated and smoke are more likely to drop out of a cohort study.149 Our findings 

showed that those people are often susceptible to a less healthy lifestyle such as prolonged TV 

viewing. Therefore, the association between TV viewing and obesity could be biased toward the 

null by differential follow-up loss of those spending more time watching TV.  

The prospective influence of obesity on TV viewing has not been explored. Overweight 

and obese people may spend more time engaging TV watching due to the less capability to move 

freely relative to people of normal weight. Our data suggested that obesity may not be an 

important risk factor of excessive TV use. However, the cross-lagged effects from obesity to TV 

viewing were all positive and significant without adjusting for medication use (data not shown). 

The results might imply that medication use is a “suppressor” for the effect. People who took 

medication might live a physically active life so their TV viewing time might reduce.              

This study provides potentially very important public health implications. The exposure 

of interest, TV viewing, and the outcome, obesity, are highly prevalent in many populations 

around the world. Sedentary behaviors, especially TV watching, may be an important factor of 

the epidemic of obesity in the United States. Reducing sedentary time should be addressed in 

lifestyle guidelines to the public. The time-varying effect of TV viewing on obesity possibly 

implies that young adulthood is an important period of intervention for reducing TV viewing 

time. Also, our study implies that more and more people may have accepted healthy lifestyle 

concepts over time. Our findings showed that previous obesity was a stronger predictor of 

subsequent obesity than TV viewing. Hence, healthy lifestyle behaviors should start as young as 

possible.   
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Strengths of our study include repeated occasions in a population-based cohort and 

detailed measures of dietary quality and physical activity. This is the first prospective study to 

examine the autoregressive and cross-lagged effects of TV viewing and obesity with regular time 

interval. Our study also reported dose-response relationships. The follow-up time over 1990 to 

2005 is appropriate to examine the association between TV viewing and obesity for this current 

society. However, our study has limitations. The lack of light activity measure may 

underestimate the effect of TV viewing with obesity. It is possible that measurement error 

happened due to the self-reported behavioral variables including hours of TV viewing. Our 

population only included the Black and White non-Hispanic so the results cannot be generalized 

to other populations. Further studies are needed to examine the association in different 

populations and age groups. When using categorical covariates, we cannot rule out the 

possibility of residual confounding (i.e., that an association might be stronger for certain 

categories than others).     

In conclusion, our data provided longitudinal evidence that higher levels of TV viewing 

leads to greater risk for obesity independent of physical activity and diet. However, this 

prospective relationship varies with age or period. Our findings support the importance of 

reducing sedentary behaviors, especially TV viewing, in the prevention of obesity.  
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3.6 TABLES AND FIGURES 

Table 3-1. Demographic and behavioral distribution of participants by TV viewing time at baseline (year 5)  

  Hours Spent Watching TV per day     

 
0 (N = 328) 1 (N = 826) 2 (N = 854) 3 (N = 549) ≥ 4 (N = 712) 

 
Total (N = 3269) 

Characteristic  N (%)  N (%)  N (%)  N (%)  N (%)  p value N (%)  
Age (y) 30.4 ± 3.5 a 30.4 ± 3.4 29.9 ± 3.6 29.6 ± 3.8 29.2 ± 3.8 <.001c 29.9 ± 3.6 

        Diet score 72.8 ± 12.2 71.2 ± 11.2 66.8 ± 11.7 63.7 ± 11.8 59.7 ± 10.3 <.001c 66.6 ± 12.2 

        Physical activity score  428.9 ± 278.1 419.6 ± 293.1 422 ± 307.1 360.6 ± 297.3 319.4 ± 284.1 <.001c 389.4 ± 297.2 

        Sex (%) 
            Male   130 (8.2)b 419 (26.5) 412 (26.0) 257 (16.3) 364 (23.0) .006d 1582 (48.4) 

     Female  198 (11.7) 407 (24.1) 442 (26.2) 292 (17.3) 348 (20.6) 
 

1687 (51.6) 

        Race (%) 
            Black non-Hispanic  68 (4.3) 218 (13.8) 380 (24.1) 344 (21.8) 566 (35.9) <.001d 1576 (48.2) 

     White non-Hispanic  260 (15.4) 608 (35.9) 474 (28.0) 205 (12.1) 146 (8.6) 
 

1693 (51.8) 

        Highest education (%)  
            ≤ 12 years 32 (5.18) 88 (14.2) 115 (18.6) 131 (21.2) 252 (40.8) <.001d 618 (18.9) 

     > 12 years 296 (11.2) 738 (27.8) 739 (27.9) 418 (15.8) 460 (17.4) 
 

2651 (81.1) 

        Annual family income (%)  
            < 24,999 139 (11.0) 213 (16.9) 293 (23.3) 208 (16.5) 406 (32.3) <.001d 1259 (38.5) 

     25,000-49,999  102 (8.5) 312 (26.0) 328 (27.4) 241 (20.1) 215 (18.0) 
 

1198 (36.7) 
     ≥ 50,000 87 (10.7) 301 (37.1) 233 (28.7) 100 (12.3) 91 (11.2) 

 
812 (24.8) 

        Smoking status (%) 
            Never  212 (11.4) 517 (27.7) 504 (27.0) 319 (17.1) 314 (16.8) <.001d 1866 (57.1) 

     Former/Current  116 (8.3) 309 (22.0) 350 (25.0) 230 (16.4) 398 (28.4) 
 

1403 (42.9) 

        Alcohol use (%)  
            0 (drinks/week) 164 (11.3) 350 (24.2) 391 (27.0) 255 (17.6) 288 (19.9) <.001d 1448 (44.3) 

     1-6  118 (10.6) 312 (28.1) 282 (25.4) 181 (16.3) 218 (19.6) 
 

1111 (34.0) 
     ≥ 7  46 (6.5) 164 (23.1) 181 (25.5) 113 (15.9) 206 (29.0)   710 (21.7) 

a Mean ± SD (all such values) 
b N (%) (all such values) 
c Results were tested by one-way ANOVA analysis 
d Results were tested by χ2 test 
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Table 3-2. Means of TV viewing, body mass index, waist circumference, and physical activity score by year 

   Year 5 Year 10 Year 15 Year 20 
 year 5 vs. 

year 20 
Variables  Mean ± SD Mean ± SD Mean ± SD Mean ± SD p valuea 

Exposure  
          Hours of TV viewing daily 2.5 ± 2.2 2.4 ± 2.0 2.3 ± 1.9 2.4 ± 2.3 .434 

      Outcome  
          Body mass index (kg/m**2) 25.9 ± 5.7 27.2 ± 6.3 28.5 ± 6.7 29.1 ± 7.2 <.001 

     Waist circumference (cm) 81.5 ± 12.4 85.3 ± 14.3 89.1 ± 15.3 91.5 ± 15.3 <.001 

      Covariate 
          Physical activity score  389.4 ± 297.2 344.6 ± 278.8 358.7 ± 288.4 353.3 ± 281.8 <.001 

a Results were tested by Wilcoxon signed rank sum test for the median difference between year 20 and year 5 
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Table 3-3. Correlations between TV viewing and BMI and waist circumference 

    BMI 10 WST 10 
TV viewing 5 r a .18*** .16*** 

 
p    <.001 <.001 

    
  

BMI 15 WST 15 
TV viewing 10 r .20*** .19*** 

 
p   <.001 <.001 

    
  

BMI 20 WST 20 
TV viewing 15 r .22*** .20*** 
  p  <.001 <.001 

BMI = body mass index; WST = waist circumference 
a Results were tested by Spearman’s rank correlation test 
* p < .05; ** p < .01; ***p < .001 
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Figure 3-1. A cross-lagged panel model showing the effects of duration of TV viewing on BMI.  Regression 

weights are standardized. R2 represents the estimated proportion of the assumed underlying continuous 

variable explained by the model.  

* p < .05; ** p < .01; ***p < .001 

 

 

Figure 3-2. A cross-lagged panel model showing the effects of duration of TV viewing on waist circumference. 
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4.1 ABSTRACT  

Background: Hostile people may be more susceptible to TV-induced negative emotions and 

harmful health habits which increase occurrence of cardiometabolic risk relative to less hostile 

counterparts. The associations between TV viewing and cardiometabolic risk may be stronger for 

those with high hostility compared to those with low levels of hostility.  

Objective: We aimed to examine whether the hostile personality trait is an important modifier 

for the association between TV viewing on cardiometabolic risk variables (waist circumference, 

HOMA insulin resistance, fasting triglycerides, HDL-cholesterol, systolic blood pressure, and 

clustered cardiometabolic risk score).    

Methods: We analyzed data on 3,269 participants from the Coronary Artery Risk Development 

in Young Adults (CARDIA) study – a prospective study of Black and White adults aged 23 to 35 

years at exam year 5 in 1990-91. We used cross-lagged panel models stratified by levels of 

hostility at exam years 5, 10, 15, and 20 over 15 years to evaluate whether the prospective 

association between TV viewing and cardiometabolic is modified by the hostile personality 

traits.  

Results: The cross-lagged effect of TV viewing on clustered cardiometabolic risk score was 

significant for those with high hostility (B= .068 for exam years 5 to 10; B = .057 for exam years 

15 to 20), but not for those with low hostility. A significant difference between these two models 

was observed using multi-group structural equation modeling (χ2 (109) = 450.91, p < .001). 

Conclusion: TV viewing predicts an increase in clustered cardiometabolic risk score for people 

with high hostility but not for those with low hostility. Our study indicated that the psychological 

characteristic of hostility can modify the association between TV viewing and cardiometabolic 

risk.   
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4.2 INTRODUCTION  

Over the past several decades, television (TV) viewing has emerged as a nearly ubiquitous 

recreational pastime in the United States.2, 33 Epidemiological evidence supports excessive TV 

viewing as a social/environmental exposure that negatively affects cardiovascular disease – the 

leading cause of morbidity and mortality in the United States and globally.5-6 There are a large 

number of predictive risk factors for cardiovascular disease including cardiometabolic risk. Two 

mechanisms may explain how TV viewing increases the risk of cardiovascular disease, including 

1) lowering total energy expenditure due to increased sedentary time, and 2) increasing intake of 

high caloric and low nutrient density foods due to snacking while watching TV or through the 

influence of food advertisements on TV.19 

Positive associations between excessive TV exposure and cardiometabolic risk are 

consistently observed in many populations including American8, French9, Australian10-12, 

British13, and Flemish14. These studies also found that there is an adverse effect of TV viewing 

on cardiometabolic risk such as obesity, hypertension, dyslipidaemia, and increased plasma 

glucose, respectively.      

Hostility has been reported to predict an increased risk of cardiovascular disease through 

a number of pathways among different populations.20-27 Hostility may contribute to 

cardiovascular disease through increases in blood pressure, heart rate, and stress-related 

hormones in response to potential stressors.28 Hostility is generally believed to be a personality 

trait which often exists with anger, cynicism, and aggressive response.100 Hostile people express 

anger more frequently and intensely than calm counterparts.28 The contents of TV programs may 

evoke negative emotional responses and aggressive behaviors, especially among people with a 

predisposition towards hostility. For instance, data suggest that viewers react to violent TV news 
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with moral emotions, including anger and contempt.29 Among experimental studies, children 

who watched a violent program were more likely to behave in a hostile way during social 

interaction.30-32 Data indicate that amount of TV viewing and hostility are highly correlated, 

which implies that people with high hostility may spend more time watching TV than those with 

low hostility.19 Given that people with high hostility are more susceptible to TV-induced 

negative emotions and more likely to be exposed to TV violence, they may have a higher risk of 

CVD than agreeable people. Additionally, hostile people show a propensity toward unfavorable 

health behaviors including smoking, drinking problems, unhealthy diet, and less physical activity, 

which in turn may be influenced by TV viewing.28 Thus, the associations between TV viewing 

and cardiometabolic risk may be stronger for those with high hostility compared to those with 

low levels of hostility.  

It was hypothesized that the hostile personality traits may be an important effect modifier 

for the association between TV viewing and cardiometabolic risk. The hypothesis that the direct 

association between TV viewing and cardiometabolic risk may be modified by a propensity 

towards a hostile disposition has yet to be examined. In order to test hypotheses from this 

theoretical framework, we identified a rich longitudinal dataset with multiple assessments of the 

exposure (TV), outcomes, and various demographic and lifestyle factors that were examined as 

confounders. The Coronary Artery Risk Development in Young Adults (CARDIA) Study is a 

25-year multi-center prospective study of cardiovascular disease risk evolution in Black and 

White young adults (18 – 30 years of age at baseline in 1985/6) in four U.S. metropolitan 

regions. We aimed to evaluate whether the association between TV viewing and clustered 

cardiometabolic risk is modified by hostile personality trait. 
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4.3 MATERIALS AND METHODS 

Participants - CARDIA 

The Coronary Artery Risk Development in Young Adults (CARDIA) study is a prospective 

study designed to investigate the development and risk factors of cardiovascular disease in young 

adults since 1985-1986. At baseline, 5,115 Black and White young adults who were between the 

ages of 18 and 30 years were recruited.131 Recruitment selection at the first assessment made the 

study population approximately balanced for race (Blacks and Whites), gender, age (18-24 years 

and 25-30 years), and education (high school or less and more than high school). Participants 

were recruited from four geographic locations 1) Birmingham, Alabama, 2) Chicago, Illinois, 3) 

Minneapolis, Minnesota, and 4) Oakland, California. The same participants were followed up 

during 1987/8 (year 2), 1990/1 (year 5), 1992/3 (year 7), 1995/6 (year 10), 2000/1 (year 15), and 

2005/6 (year 20). Participation was high, with 70% retention through year 20.132 Because 

measurements of TV viewing were collected at year 5, year 10, year 15, and year 20, this study 

used data at these four follow-up examinations. Participants were excluded based on these 

conditions: (1) pregnant women at any of exam years; (2) medication use for hypertension, 

hypercholesterolemia, or diabetes at year 5; (3) medication history of hypertension, 

hypercholesterolemia, or diabetes at year 5; (4) missing data of covariates at year 5.  This study 

included 3,269 adults.  

Measures 

Television Viewing - Number of daily TV viewing hours, the primary exposure of 

interest for the currently proposed analyses, was assessed by a self-administered questionnaire 

asked at years 5, 10, 15, and 20. Participants were asked, “On average, about how many hours 

per day do you watch television?”  We therefore had a continuous measure of self-reported hours 
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of TV viewing per day for each of four examinations throughout a span of 15 years. Outliers 

were not excluded since the results did not change significantly before or after removing outliers. 

Cardiometabolic Risk - Participants were standing and dressed in light clothing without 

shoes for anthropometric measures, which was assessed at each CARDIA examination. Body 

weight was measured to the nearest 0.2 kg with a calibrated balance beam scale. Height was 

measured with a vertical ruler to the nearest 0.5 cm. BMI was calculated as weight in kilograms 

divided by height in meters squared. Waist was measured with a tape measure in duplicate to the 

nearest 0.5 cm around the minimal abdominal girth. Prior to each CARDIA exam participants 

were asked to fast for ≥ 8 hours and avoid smoking and heavy activity for two hours for blood 

analyses at each CARDIA examination, but fasting insulin and glucose were only measured at 

years 0, 7, 10, 15, and 20. Vacuum tubes containing no preservative were used to draw blood. 

Serum was separated by centrifugation at 4oC and stored in cryovials at -70 oC. Northwest Lipid 

Research Clinic Laboratory (Seattle, Wash) was used to measure serum cholesterol and 

triglycerides. For participants who did not fast for ≥ 8 hours prior to clinic exams, data on 

triglycerides, insulin and glucose will be considered missing.  Blood pressure was measured on 

the right arm using a Hawksley random zero sphygmomanometer (WA Baum Company, 

Copaigue, NY, USA) with the participant seated and following a 5-minute rest. Three 

measurements were taken at 1-min intervals. The second and third measurements were averaged. 

A continuous clustered cardiometabolic risk score was created according to a metabolic 

syndrome cluster score developed by Drs. Jacobs and Pereira in CARDIA study. A similar score 

has been published by other studies.12, 133-134 Each participant was assigned a Z-score for each of 

the following components: waist circumference, HOMA insulin resistance (fasting glucose x 

fasting insulin / 22.5) (natural log), fasting triglycerides (natural log), HDL-cholesterol, and 
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systolic blood pressure. The Z-scores (z= (value - mean) / SD) were then summed within 

participant to create the clustered score at years 7, 10, 15, and 20. Means and SD of year 7 were 

used for standardization at each following exam year. The Z-score for HDL-cholesterol was 

assigned a negative sign. A higher Z-score meant worse cardiometabolic situation. In order to 

make a stable cross-lagged model, the clustered cardiometabolic risk score at year 7 was a 

surrogate for year 5. 

Hostility - Participants rated their levels of hostility by using the Cook-Medley hostility 

questionnaire, a 50-item scale with a true-false format at year 5 exam.100 This survey can reflect 

participant’s feelings of mistrust, anger, suspicion, and aggression. This questionnaire shows 

good convergent and discriminate validity. 100 The score ranges from 0 to 50, where higher 

scores represent higher levels of hostility. A median cut point was used to define high and low 

hostility, consistent with previously published approaches.25 

Covariates – All covariates were assessed by interviewer-based questionnaire at each 

CARDIA examination except diet. The demographic and behavioral covariates included highest 

level of education completed (high school or further education), family income (<24,999, 

25,000-49,999, or ≥50,000), alcohol use (0, 1-6, or ≥7 drinks/week), smoking status (never or 

former/current). Medication use at follow-ups was assessed by interviewer-based questionnaire 

for hypertension, hypercholesterolemia, or diabetes (yes/no). The continuous physical activity 

score was measured by intensity level and the number of months spent in 13 different activities 

of heavy (≥ 5 metabolic equivalents (METS)) and moderate (3-4 METS) intensity during the past 

year.135 Diet was assessed at years 0, 7, and 20 using the CARDIA Diet History questionnaire.136 

The continuous dietary pattern score was assessed by types and amounts of food consumption 

over the past month. According to comparable nutrient characteristics and biological effects, 
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foods were assigned into 46 groups which, in turn, were categorized as beneficial (N = 20), 

adverse (N = 13), and neutral (N = 13). 137 Depending on the quintiles of consumption among 

participants, each participant was assigned scores 0−4 for beneficial foods plus scores in reverse 

order 4−0 for adverse foods. We coded non-consumers of a certain type of food group as 0, and 

classified consumers into quartiles with scores from 1 to 4. The dietary pattern score was the sum 

of scores for the 46 food groups so the maximum dietary pattern score was 132. A higher dietary 

pattern score represented better diet quality.137 Assessment of diet at year 7 was a surrogate for 

year 5 of this study. There are several reasons to support that diet at year 7 is a more appropriate 

surrogate compared with diet at year 0. The dietary pattern at year 5 should be closer to year 7 

than year 0. Additionally, longitudinal trends in diet for the CARDIA study participants this 

current study assessed indicated similar dietary patterns by matching age group at exam years 0, 

7, and 20, especially from year 7 to year 20.137 Older people remained higher diet quality 

compared with younger people over time. It was assumed that diet at year 7 would be a better 

representative of diet quality throughout this study relative to diet at year 0. 

Statistical Analyses 

SAS version 9.2 was used to conduct descriptive analyses and correlation matrix. The Chi-square 

test was used to assess the significance of bivariate associations for categorical outcomes. One-

way ANOVA tests were used to assess the significance of bivariate associations for continuous 

outcomes. Wilcoxon signed rank sum tests were used to exam the significance of the median 

difference between year 20 and year 5. Spearman correlation coefficients were performed for 

correlation analysis. A p-value < 0.05 was considered statistically significant. Cross-lagged panel 

model was specified to examine hostility personality traits as a modifier of the association 

between TV viewing and cardiometabolic risk variables (clustered cardiometabolic risk score, 
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waist circumference, HOMA insulin resistance, fasting triglycerides, and systolic blood pressure, 

respectively) over a total of four five-year intervals (Figure 4-1). Cross-lagged panel model was 

assessed using structural equation modeling (SEM) in MPlus version 6. Data may be missing due 

to participants dropping out of the study or due to missing data, such as a missed or insufficient 

blood sample or missing questionnaires. Our missing data were demonstrated as Missing 

Completely at Random (MCAR) so SEM techniques in general (and MPlus specifically) can 

accommodate/estimate missing data using either maximum likelihood or multiple imputation. 

Models of high and low hostility groups were adjusted for stable variables at baseline and 

time-varying variables at each exam year. A cross-lagged panel model included autoregressive 

effects within the same variables, cross-lagged effects for TV viewing and cardiometabolic risk 

variables to prospectively predict each other, and adjustment for covariates. This model allows 

us to examine each of the cross-lagged paths individually while adjusting for important 

covariates. Since the scales of our variables were very different, we standardized variables to 

help build models. Weighted least squares means and variances adjusted (WLSMV) was used to 

minimize the difference between observed and implied variances and covariances. WLSMV 

doesn't have any distribution assumption; therefore, we did not test the normality of variables. 

Under this estimation, a Chi-Square test was evaluated for the null hypothesis that our model fits 

the data by computing the ratio of the two log-likelihoods from the observed and model-implied 

covariance matrices. However, the Chi-Square test is sensitive to sample size. Hence, several 

Goodness of Fit measures were used in the SEM analyses to assess model fit. Comparative Fit 

Index (CFI) ≥ .95, Tucker-Lewis Index (TLI) ≥ .95, and root mean squared error of 

approximation (RMSEA) ≤ .06 are usually considered ‘good’.138  Modification indices were used 

to identify a model with good model to the data. Multi-group structural equation modeling 
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analysis was examined to verify whether the high and low hostility models were significantly 

different.  

4.4 RESULTS 

4.4.1 Participant characteristics by hostility 

Table 4-1 shows the demographic and behavioral characteristics of participants by levels of 

hostility at baseline. Mean age was 30.4 ± 3.5 years for people with low hostility and 29.4 ± 3.7 

years for those with high hostility. The high hostility group reported lower mean age. People 

with high hostility had lower diet score (mean = 63.8 for the high hostility group; 69.6 for the 

low hostility group), but higher physical activity score compared with those with low hostility 

(mean = 400.4 for the high hostility group; 377.2 for the low hostility group). The high hostility 

group had more males (58.3% of males vs. 47.4% of females in the high hostility group) and 

Black non-Hispanic people (67.4% of Black vs. 39.0% of White in the high hostility group). 

People who had less education than high school were more likely to be hostile (72.8% of people 

who had less education than high school vs. 48.0% of those who had further education than high 

school in the high hostility group).  People whose annual family income was < 24,999 showed 

higher percentage of high hostility. In the high hostile group, there was a larger proportion that 

smoked or drank ≥ 7 drinks/week than never smoked or drank. 
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4.4.2 Distribution of TV viewing, cardiometabolic risk variables, and physical activity 

score by hostility at each examination year 

As Table 4-2 shows, the high hostility group reported higher levels of TV viewing time, 

clustered cardiometabolic risk score, waist circumference, fasting glucose, insulin, triglycerides, 

and systolic blood pressure and lower values of HDL-cholesterol at each examination year. The 

high hostility group showed higher physical activity score at year 5 and 10, but lower physical 

activity score at year 15 and 20 compared with the low hostility group. 

4.4.3 Correlations among TV viewing and cardiometabolic risk variables by hostility 

As shown in Table 4-3, there were significantly positive correlations among TV viewing and 

clustered cardiometabolic risk score, waist circumference, HOMA insulin resistance, and systolic 

blood pressure for both hostility groups. No significant correlations were observed between TV 

viewing and triglycerides and HDL-cholesterol for both groups except a negative correlation 

between TV viewing at year 15 to HDL-cholesterol at year 20 in the low hostility group.  

4.4.4 Cross-lagged panel model between TV viewing and clustered cardiometabolic risk 

score by hostility 

The results for the model summarized in Figure 4-1 supported the modifier assumption and fit 

the data well, CFI= .967; TLI= .957; RMSEA= .046 for the low hostility group; CFI= .970; 

TLI= .961; RMSEA= .050 for the high hostility group. For both groups, TV viewing exhibited 

significant temporal stability (B= .674, .923, and .670 for the low hostility group; B= .599, .716, 
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and .721 for high hostility group), as did clustered cardiometabolic risk score (B= .868, .893, 

and .859 for the low hostility group; B= .774, .919, and .851 for the high hostility group). The 

five-year lagged effect of TV viewing on clustered cardiometabolic risk score was significant for 

those with high hostility (B= .068 for exam years 5 to 10 and .057 for exam years 15 to 20), 

whereas the effect was non-significant for those with low hostility. In other words, for those with 

high hostility, an increase of 1 standardized unit of TV viewing at year 5 was associated with an 

increase of .068 standardized unit of clustered cardiometabolic risk score at year 10. Also, an 

increase of 1 standardized unit of TV viewing at year 15 was associated with an increase of .057 

standardized unit of clustered cardiometabolic risk score at year 20. Table 4-4 reports chi-square 

tests for difference testing between the low and high hostility groups, suggesting whether 

clustered and individual effects are significantly different between these two cross-lagged panel 

models by hostility. A significant difference between baseline and structural invariance meant 

that these two overall models were significantly different (χ2 (109) = 450.91, p < .001). The 

results of difference between structural invariance and partial structural invariance showed that 

all clustered and individual cross-lagged effects of TV viewing and clustered cardiometabolic 

risk score were significantly different except the effect of clustered cardiometabolic risk score at 

year 15 on TV viewing at year 20. This result suggests that hostility personality traits modify the 

association between TV viewing and cardiometabolic risk. The five-year lagged effect of 

clustered cardiometabolic risk score on TV viewing was significant but showed reverse 

directions over time in both hostility groups. The results demonstrate that effect of clustered 

cardiometabolic risk score on TV viewing is not stable, and provides only partial support for the 

hypotheses. Results suggest that cardiometabolic risk may not be an important risk factor for TV 
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viewing. For both groups, the values of R2 indicated that the estimated proportion of 

cardiometabolic risk was mostly explained by the model better compared with TV viewing. 

4.4.5 Cross-lagged effects of TV viewing on five cardiometabolic risk variables by 

hostility 

Table 4-5 represents the differential cross-lagged effects from TV viewing to five 

cardiometabolic risk variables by hostility group from young to middle adulthood. There was no 

association between TV viewing and waist circumference for both groups. TV viewing time was 

positively associated with HOMA insulin resistance and systolic blood pressure for both groups. 

The values of HOMA insulin resistance and systolic blood pressure were higher in the high 

hostility group than the low hostility group. The association between TV viewing and HDL-

cholesterol was inconsistent. TV viewing at year 5 for the low hostility group and at year 10 for 

the high hostility group was negatively related to triglycerides.  

4.5 DISCUSSION 

 In this large prospective cohort of adults from young to middle adulthood, we found that the 

association between TV viewing and cardiometabolic risk was modified by hostility. Higher 

levels of TV viewing predicted an increase in clustered cardiometabolic risk score for people 

with high hostility but not for those with low levels of hostility. The associations between TV 

viewing and HOMA insulin resistance and systolic blood pressure were stronger for those with 

high hostility relative to those with low hostility. Our study suggests that the association between 



 92 

TV viewing and cardiometabolic risk is stronger for those with high hostility relative to those 

with low levels of hostility. To our knowledge, this is the first study to assess the important 

hypothesis that the association between TV viewing and cardiometabolic risk may be modified 

by a propensity towards a hostile disposition.    

In the high hostility group, the positive cross-lagged association observed for TV viewing 

and clustered cardiometabolic risk score is consistent with that observed in our previous study 

(paper in preparation). The positive association between TV viewing and cardiometabolic risk 

was also observed in several cross-sectional studies8-9, 11, 150-151 and two longitudinal studies12-13 

for adults. Potential mechanisms by which excessive TV exposure contributes to cardiometabolic 

risk may include reduced physical activity and poor dietary quality. However, this present study 

indicated that the association between TV viewing and cardiometabolic risk was independent of 

physical activity and dietary quality, although we cannot rule out residual confounding. Another 

mechanism that is possible for this association is through a relative decrease in energy 

expenditure from increased TV watching. Metabolic rate is lower during TV watching than 

during other sedentary behaviors including sewing, playing board games, reading, and driving a 

car.144 The Nurses’ Health Study offers support for this hypothesis by showing that TV viewing 

is a stronger predictor of obesity relative to other sedentary behaviors.53 Our findings that 

psychological attributes could be another potential mechanism through which TV viewing 

increases the likelihood of cardiometabolic risk add to this existing work. Two findings could 

support this hypothesis. The prospective association between TV viewing and clustered 

cardiometabolic risk score was found in hostile people who are more likely to have negative 

emotions induced by TV viewing. Additionally, the effect of TV viewing on systolic blood 

pressure was stronger for those with high hostility compared with those with low hostility.             
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Epidemiological studies have supported the notion that effects from TV viewing may be 

modified by hostility and aggression.102-106 Among experimental studies, children were more 

likely to behave in a hostile way during social interaction after watching violent programs.30-32 

Among longitudinal studies, Johnson and colleagues found that watching TV during adolescence 

and young adulthood increased the likelihood of subsequent threatening aggression and assaults 

or fights.105 Psychological theories propose explanations for the association between TV viewing 

and increased risk of both short- and long-term hostility and aggression.107-110 Social cognitive 

theory suggests that children often imitate behaviors from the TV programs they watch, and thus 

they are more likely to become aggressive and violent due to excessive media violence 

exposure.111-112 Excitation transfer theory states that media violence and high risk activities 

increase psychological arousal, which causes subsequent hostile feelings and behaviors.112-114 In 

addition, TV violence may desensitize an individual to cruel and violent scenes.115-116 Rooted in 

these theories, prolonged TV exposure contributes to a propensity towards a hostile disposition.   

Numerous studies have indicated that hostility may exacerbate cardiometabolic risks such 

as fasting glucose and blood pressure.20, 27, 124-125 A meta-analysis of 25 studies suggested a 

positive effect of anger and hostility on coronary heart disease (hazard ratio [HR], 1.19; 95% CI, 

1.05 to 1.35). It has also been shown that hostility is predictive of cardiovascular risk factors.152 

Hostile people have a tendency to feel anger from frustrating situations, raising the possibility 

that images and messages on TV may promote stronger psychological responses and subsequent 

cardiometabolic risk for hostile people than for agreeable counterparts. Our findings supported 

the hypothesis derived from the finding that people with high hostility show a stronger 

association between TV viewing and clustered cardiometabolic risk score, HOMA insulin 

resistance, and systolic blood pressure relative to those with low levels of hostility.        
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There are several limitations in our study. Due to the lack of TV content data, we could 

not assess what kind of TV program can evoke negative emotional reactions. The replacement of 

cardiometabolic risk at year 5 by year 7 could underestimate the association because of more 

follow-up missing data over time. It is possible that measurement error happened due to the self-

reported behavioral variables including hours of TV viewing. Our population only included the 

Black and White non-Hispanic participants so the results cannot be generalized to other 

populations. The association between TV viewing and cardiometabolic risk could be biased 

toward null by differential loss to follow-up.         

This study is the first study to explore the association between TV viewing and 

cardiometabolic risk modified by a psychological factor. Our findings are of public health 

significance given that TV viewing and cardiometabolic risk are highly prevalent in the world. 

Additionally, future studies are needed to assess whether negative psychological effect is a 

potential mechanism mediating the relationship of TV viewing on cardiometabolic risk. Future 

studies with measures of TV programming preferences and cardiometabolic risk could specify 

warnings of TV content rating systems not only by age but also by personality type. Results of 

these studies may be very helpful in the prevention of cardiovascular disease.  
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4.6 TABLES AND FIGURES 

Table 4-1. Demographic and behavioral distribution of participants by levels of hostility at baseline (year 5) 

  Low hostility    High hostility     Total (N = 3269) 
Characteristic (N = 1547)     (N = 1722)    p value N (%)  
Age (y) 30.4 ± 3.5a 

 
29.4 ± 3.7 

 
<.001c 29.9 ± 3.6 

       Diet score 69.6 ± 11.7 
 

63.8 ± 12 
 

<.001c 66.6 ± 12.2 

       Physical activity score 377.2 ± 280.8 
 

400.4 ± 310.8 
 

.026c 389.4 ± 297.2 

       Sex  
           Male   660 (41.7)b 

 
922 (58.3) 

 
<.001d 1582 (48.4) 

     Female  887 (52.6) 
 

800 (47.4) 
  

1687 (51.6) 

       Race  
           Black non-Hispanic  514 (32.6) 

 
1062 (67.4) 

 
<.001 d 1576 (48.2) 

     White non-Hispanic  1033 (61.0) 
 

660 (39.0) 
  

1693 (51.8) 

       Highest education   
           ≤ 12 years 168 (27.2) 

 
450 (72.8) 

 
<.001 d 618 (18.9) 

     > 12 years 1379 (52.0) 
 

1272 (48.0) 
  

2651 (81.1) 

       Family income (year)  
           < 24,999 471 (37.4) 

 
788 (62.6) 

 
<.001 d 1259 (38.5) 

     25,000-49,999  577 (48.2) 
 

621 (51.8) 
  

1198 (36.7) 
     ≥ 50,000 499 (61.5) 

 
313 (38.6) 

  
812 (24.8) 

       Alcohol use (drinks/week)  
           0 731 (50.5) 

 
717 (49.5) 

 
<.001 d 1866 (57.1) 

     1-6  562 (50.6) 
 

549 (49.4) 
  

1403 (42.9) 
     ≥ 7  254 (35.8) 

 
456 (64.2) 

   
       Smoking status  

     
1448 (44.3) 

     Never  975 (52.3) 
 

891 (47.8) 
 

<.001 d 1111 (34.0) 
     Former/Current  572 (40.8)   831 (59.2)     710 (21.7) 

a Mean ± SD (all such values) 
b N (%) (all such values) 
c Results were tested by one-way ANOVA analysis 
d Results were tested by χ2 test 
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Table 4-2. Distribution of TV viewing, cardiometabolic risk variables, and physical activity by year in the low 

hostility and high hostility groups 

   Year 5 Year 10 Year 15 Year 20 
year 5 vs. 
year 20   

Variables  Mean ± SD Mean ± SD Mean ± SD Mean ± SD p valueb 

Low hostility 
     Exposure  
          Hours of TV viewing daily 1.9 ± 1.6 1.9 ± 1.5 1.8 ± 1.5 1.9 ± 1.6 .600 

      Outcome  
          Clustered cardiometabolic risk score −0.4 ± 3.4a 0.04 ± 3.5 0.9 ± 3.8 1.6 ± 4.0 <.001 

     Waist circumference (cm) 81.9 ± 13.2 83.6 ± 13.6 87.6 ± 15.2 90.1 ± 14.9 <.001 
     Fasting glucose (ug/dl) 88.2 ± 10.2a 86.1 ± 10.7 84.6 ± 14.2 95.1 ± 17.7 <.001 
     Fasting insulin (uU/ml) 12.6 ± 7.7a 12.8 ± 9.5 13.5 ± 9.7 15.2 ± 9.5 <.001 
     Fasting triglycerides (mg/dl) 80.4 ± 76.7 85.1 ± 57.9 101.2 ± 92.3 105.9 ± 79.4 <.001 
     HDL-cholesterol (mg/dl) 51.9 ± 13.4 50.4 ± 13.2 51 ± 13.1 54.9 ± 16.0 .008 
     Systolic blood pressure (mmHg) 106.3 ± 10.5 107.8 ± 10.9 110.2 ± 12.7 113.7 ± 13.9 <.001 

      Covariate 
          Physical activity score  377.8 ± 280.8 340.4 ± 260.3 359.2 ± 284.9 365.9 ± 285.8 .030 

      High hostility 
     Exposure  
          Hours of TV viewing daily 3 ± 2.4 2.8 ± 2.3 2.7 ± 2.2 2.9 ± 2.7 .145 

      Outcome  
          Clustered cardiometabolic risk score 0.4 ± 3.5a 0.9 ± 3.6 1.7± 3.8 2.5 ± 3.9 <.001 

     Waist circumference (cm) 85 ± 13.9 86.9 ± 14.8 90.6 ± 15.3 93 ± 15.5 <.001 
     Fasting glucose (ug/dl) 89.9 ± 15.8a 88.2 ± 16.5 86.4 ± 18.4 99.2 ± 28.6 <.001 
     Fasting insulin (uU/ml) 14.5 ± 12.1a 14.2 ± 9.5 14.7 ± 11.6 16.7 ± 11.4 <.001 
     Fasting triglycerides (mg/dl) 83.7 ± 63.8 92.4 ± 80.4 102.7 ± 76.2 109.2 ± 76.2 <.001 
     HDL-cholesterol (mg/dl) 51.6 ± 14.3 50 ± 14.6 49.9 ± 14.6 53 ± 16.7 .020 
     Systolic blood pressure (mmHg) 108.9 ± 11.2 110.2 ± 12.2 114.1 ± 14.4 117.2 ± 14.8 <.001 

      Covariate 
          Physical activity score  400.4 ± 310.8 348.5 ± 295 358.2 ± 291.7 340.7 ± 277.2 <.001 

a Results were assessed at year 7 but not at year 5 
b Results were tested by Wilcoxon signed rank sum test for the median difference between year 20 and year 5 
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Table 4-3. Correlations between TV viewing and cardiometabolic risk variables by levels of hostility 

Low hostility   Clustered10 WST 10 HOMA 10b TRI 10b HDL 10 SBP 10 
TV viewing 5 r a .14*** .16*** .19*** .02 −.04 .11*** 

 
p  <.001 <.001 <.001 .394 .172 <.001 

        
  

Clustered 15 WST 15 HOMA 15b TRI 15b HDL 15 SBP 15 
TV viewing 10 r .22*** .21*** .22*** .08** −.08** .16*** 

 
p  <.001 <.001 <.001 .008 .009 <.001 

        
  

Clustered 20 WST 20 HOMA 20b TRI 20b HDL 20 SBP 20 
TV viewing 15 r .22*** .23*** .21*** .06* −.11*** .16*** 
  p  <.001 <.001 <.001 .050 <.001 <.001 

        High hostility   Clustered10 WST 10 HOMA 10b TRI 10b HDL 10 SBP 10 
TV viewing 5 r .12*** .12*** .14*** .03 .02 .11*** 

 
p  <.001 <.001 <.001 .189 .462 <.001 

        
  

Clustered 15 WST 15 HOMA 15b TRI 15b HDL 15 SBP 15 
TV viewing 10 r .14*** .12*** .14*** .02 −.01 .15*** 

 
p  <.001 <.001 <.001 .568 .666 <.001 

        
  

Clustered 20 WST 20 HOMA 20b  TRI 20b HDL 20 SBP 20 
TV viewing 15 r .16*** .12*** .13*** .05 −.02 .20*** 
  p  <.001 <.001 <.001 .079 .445 <.001 

Clustered = clustered cardiometabolic risk; WST = waist circumference; HOMA = HOMA insulin resistance; TRI = triglycerides; 
HDL = HDL-cholesterol; SBP = systolic blood pressure.  
a Results were tested by Spearman’s rank correlation test 
b Variables were log-transformed (natural log) 
* p < .05; ** p < .01; ***p < .001 
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Figure 4-1. Two cross-lagged panel models showing the associations between duration of TV viewing and 

clustered cardiometabolic risk score are stronger for people with high hostility relative to those with low 

levels of hostility. Regression weights are standardized. R2 represents the estimated proportion of the assumed 

underlying continuous variable explained by the model. 

§ Cardiometabolic risk 7 is a surrogate of cardiometabolic risk 5.  

* p < .05; ** p < .01; ***p < .001 
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Table 4-4. Chi-square tests for difference testing between the low and high hostility groups 

Chi-Square Test for Difference Testing value dfa p 

Baseline vs. Structural Invariance 450.91 109 <.001 

Structural Invariance vs. Partial Structural Invariance 
   6 cross-lagged effects 27.99 6 <.001 

3 effects of TV on Cardiometabolic risk 21.26 3 <.001 

TV 5 → Cardiometabolic risk 10 8.72 1 .003 

TV 10 → Cardiometabolic risk 15 15.21 1 <.001 

TV 15 → Cardiometabolic risk 20 8.99 1 .003 

Cardiometabolic risk 7 → TV 10 4.84 1 .028 

Cardiometabolic risk 10 → TV 15 6.9 1 .009 

Cardiometabolic risk 15 → TV 20 1.37 1 .241 
a df = degree of freesom 
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Table 4-5. Cross-lagged effects from TV viewing to five cardiometabolic risk variables by levels of hostility 

Low hostility   WST 10 HOMA 10a TRI 10a HDL 10 SBP 10 
TV viewing 5 B .009 .046* −.079** .075** .119*** 

 
p  .633 .027 .005 .002 <.001 

       
  

WST 15 HOMA 15a TRI 15 a HDL 15 SBP 15 
TV viewing 10 B .025 .055** −.051 .000 .037 

 
p  .135 .009 .082 .997 .096 

       
  

WST 20 HOMA 20a TRI 20a HDL 20 SBP 20 
TV viewing 15 B .005 .024 −.008 −.056** .053* 
  p  .746 .249 .778 .006 .024 

       High hostility    WST 10 HOMA 10a TRI 10a HDL 10 SBP 10 
TV viewing 5 B .035 .064** −.02 .065** .177*** 

 
p  .165 .001 .484 .001 <.001 

       
  

WST 15 HOMA 15a TRI 15a HDL 15 SBP 15 
TV viewing 10 B −.032 .002 −.064* −.086*** −.006 

 
p  .085 .950 .034 <.001 .854 

       
  

WST 20 HOMA 20a TRI 20a HDL 20 SBP 20 
TV viewing 15 B −.006 .04 .02 −.034 .160*** 
  p  .746 .676 .511 .074 <.001 

WST = waist circumference; HOMA = HOMA insulin resistance; TRI = triglycerides; HDL = HDL-cholesterol; SBP = systolic 
blood pressure. All cross-lagged panel models were adjusted for the same covariates as the clustered cardiometabolic risk model. 
Regression weights are standardized.  
a Variables were log-transformed (natural log). 
* p < .05; ** p < .01; ***p < .001 
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5.0  DISCUSSION AND CONCLUSION  

5.1 SUMMARY 

The estimated average time of TV viewing is five hours per day, occupying one fifth of a day in 

our daily life. This demonstrates the importance of examining the effects of TV exposure.  

Studies indicate that TV viewing is related to numerous adverse chronic health conditions such 

as obesity and cardiovascular disease. In developed countries, chronic diseases and obesity have 

been considered as top public health threats due to unbalanced food consumption and prolonged 

sedentary behaviors. Obesity, diabetes and cardiovascular disease are the leading causes of 

morbidity and mortality and they often occur together.       

Regular physical activity and good dietary habits are important but not enough to fully 

prevent the development of cardiovascular disease. Our study found that TV viewing predicted 

an increase in subsequent cardiometabolic risk and obesity independent of several important 

confounders including physical activity and dietary quality. That is, reducing sedentary 

behaviors, particularly TV viewing, is important for improving health.  



 102 

5.2 PROSPECTIVE ASSOCIATION BETWEEN TV VIEWING AND 

CARDIOMETABOLIC RISK 

In the first project, TV viewing was predictive of clustered cardiometabolic risk score from 

young to middle adulthood in the U.S. population. This impact of TV viewing on 

cardiometabolic risk varies with age, given that the positive association was observed only at the 

ages of 23-35 to 28 -40 and 33-45 to 38-50. At the ages of 40 and older, some other 

physiological factors may have a stronger effect on cardiometabolic risk than TV viewing, and 

hence, it would wash out the effect of TV viewing.  

TV viewing was also a predictor of waist circumference, insulin resistance, and systolic 

blood pressure. In particular, higher levels of TV viewing consistently predicted the risk of high 

blood pressure which can be caused by psychological stimuli. It implies that TV viewing may 

lead to cardiovascular disease through increasing moral emotions and feelings.    

5.3 PROSPECTIVE ASSOCIATION BETWEEN TV VIEWING AND OBESITY 

The second project showed a cross-lagged of TV viewing on obesity in young adulthood but not 

in middle adulthood. The association between TV viewing and obesity varied with age, 

suggesting that young adults are more susceptible to TV exposure compared with middle-age 

adults. It is possible that middle-age adults improve dietary quality because of their concern 

about health conditions more than young people. Additionally, there might be a period effect to 

decrease the influence of TV viewing on obesity. Today, the US Dietary Guidelines have 

become more practical and easier to apply in daily life.137 Follow-up loss and lack of adjustment 
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of light-intensity activity might bias our results toward the null. A positive association between 

TV viewing and obesity suggests that TV viewing is a determinant of obesity.  

5.4 THE IMPACT OF HOSTILITY ON THE ASSOCIATION BETWEEN TV 

VIEWING AND CARDIOMETABOLIC RISK 

Our third project indicated that hostility moderated the association between TV viewing and 

cardiometabolic risk. A prospective effect of TV viewing on clustered cardiometabolic risk score 

was observed in people with high hostility but not in those with low levels of hostility. 

Additionally, the effect of TV viewing on systolic blood pressure was stronger for those with 

high hostility compared with those with low hostility. Rooted in these findings, psychological 

attributes such as strong reactivity to anger arousing TV content could be another potential 

mechanism underlying the association between TV viewing and cardiometabolic risk.   

5.5 PUBLIC HEALTH SIGNIFICANCE  

TV viewing and cardiometabolic risk are highly prevalent in our society. As such, even a modest 

association between the exposure and outcomes could have high public health significance. 

Psychological characteristics could be one potential factor to modify and mediate the association 

between TV viewing and cardiometabolic risk, especially blood pressure. Besides energy intake 

and energy expenditure, our data suggest that psychological attributes could be another potential 

mechanism through which TV viewing increases the likelihood of cardiometabolic risk. TV 
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programming and commercials are rich in messages and scenes which may promote harmful 

behaviors, including alcohol, cigarettes, poor nutritional choices, and violence. Reduction in TV 

viewing time is a straightforward strategy to decrease the risk of CVD. Restrictions on harmful 

behaviors and unhealthy food promotions on TV programming and commercials by public 

policies could be another strategy. Reducing TV viewing time, especially for people who 

reported high viewing time and with a propensity towards a hostile disposition, could reduce 

cardiometabolic risk.  

5.6 LIMITATIONS OF THIS STUDY 

There are some limitations in our study. Self-reported behavioral variables such as hours of TV 

viewing could lead to measurement error. We expect the magnitude of exposure 

misclassification to be consistent across levels of cardiometabolic risk (non-differential 

misclassification) such that any association that we observe between TV viewing and 

cardiometabolic risk will likely be underestimated (bias toward the null). Additionally, this 

longitudinal study could have some bias caused by differential loss to follow-up. We expect that 

most of the missing participants are people with higher levels of poor life behaviors because they 

are likely to have difficulty attending interviews such that the follow-up loss could bias our data 

toward the null. The lack of light activity measure may underestimate the effect of TV viewing 

with cardiometabolic risk. Future studies assessing all types of physical activity are needed. 
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5.7 FUTURE STUDIES 

This is the first study to examine the prospective relationship between TV viewing and 

cardiometabolic risk variables in the U.S. population. Our findings suggest that TV viewing is 

associated with adverse cardiometabolic risk profiles. Moreover, TV viewing increases the risk 

of obesity in young adulthood. This is also the first study to assess whether the relation between 

TV viewing and cardiometabolic risk is modified by hostile personality trait. Our results show a 

stronger association between TV viewing and cardiometabolic risk for those with high hostility 

relative to those with low levels of hostility. The next step is to better examine whether 

psychosocial attributes mediate the prospective association between TV viewing and 

cardiometabolic risk using. Additionally, experimental studies examining whether reducing TV 

viewing may impact psychosocial characteristics and lifestyle habits would be essential to 

addressing whether any associations observed in the present observational study may be truly 

causal.  

Violent TV programs are associated with hostile and aggressive behaviors.102-106 As such, 

future studies are needed to address specific TV viewing habits, especially programming 

preferences. Studies with detailed measures of TV contents may provide information to build 

specific warnings of TV content rating systems not only by age but also by personality traits. 

Reduction in TV viewing time and TV content rating systems may reduce people from 

cardiometabolic risk, especially among those who are high in hostility.    
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APPENDIX 

SUPPLEMENTAL TABLES AND FIGURES 

Table A-1. Coefficients and p values for individual path in the cross-lagged panel model of TV viewing and 

cardiometabolic risk for the whole population (N = 3,269) 

Path  B p 
TV viewing 5 

                                           ← Age  .014 .374 
                                         ← Gender −.006 .786 
                                         ← Race −.316 <.001 
                                         ← Education −.103 <.001 
                                         ← Diet pattern −.248 <.001 
                                         ← Family income 5 −.066 .001 
                                         ← Smoking 5 .075 <.001 
                                         ← Alcohol use 5 .183 <.001 
                                         ← Physical activity 5 −.106 <.001 

   Cardiometabolic risk 7 
                                           ← Age  .087 <.001 

                                         ← Gender −.437 <.001 
                                         ← Race −.072 .002 
                                         ← Education .002 .922 
                                         ← Diet pattern −.135 <.001 
                                         ← Family income 5 −.071 .020 
                                         ← Smoking 5 .055 .030 
                                         ← Alcohol use 5 −.108 <.001 
                                         ← Physical activity 5 −.136 <.001 
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Table A-1 continued 
 
TV viewing 10 
                                         ← TV viewing 5 .640 <.001 
                                         ← Cardiometabolic risk 7 −.208 <.001 
                                         ← Family income 10 −.192 <.001 
                                         ← Smoking 10 .051 .024 
                                         ← Alcohol use 10 .020 .329 
                                         ← Physical activity 10 .067 .001 
                                         ← Medication 10 .374 <.001 
Cardiometabolic risk 10 

                                           ← TV viewing 5 .058 <.001 
                                         ← Cardiometabolic risk 7 .834 <.001 
                                         ← Family income 10 .080 <.001 
                                         ← Smoking 10 .007 .708 
                                         ← Alcohol use 10 −.023 .195 
                                         ← Physical activity 10 .064 <.001 
                                         ← Medication 10 .180 <.001 
TV viewing 15 

                                           ← TV viewing 10 .793 <.001 
                                         ← Cardiometabolic risk 10 .315 <.001 
                                         ← Family income 15 −.186 <.001 
                                         ← Smoking 15 −.074 .002 
                                         ← Alcohol use 15 .033 .153 
                                         ← Physical activity 15 −.095 <.001 
                                         ← Medication 15 −.471 <.001 
Cardiometabolic risk 15 

                                           ← TV viewing 10 −.024 .101 
                                         ← Cardiometabolic risk 10 .902 <.001 
                                         ← Family income 15 −.036 .046 
                                         ← Smoking 15 .022 .202 
                                         ← Alcohol use 15 −.027 .102 
                                         ← Physical activity 15 −.041 .008 
                                         ← Medication 15 −.003 .877 
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Table A-1 continued 
 
TV viewing 20 
                                         ← TV viewing 15 .730 <.001 
                                         ← Cardiometabolic risk 15 −.069 <.001 
                                         ← Family income 20 −.045 .018 
                                         ← Smoking 20 .068 .001 
                                         ← Alcohol use 20 −.004 .840 
                                         ← Physical activity 20 −.026 .094 
                                         ← Medication 20 .166 <.001 
Cardiometabolic risk 20 

                                           ← TV viewing 15 .051 <.001 
                                         ← Cardiometabolic risk 15 .859 <.001 
                                         ← Family income 20 .011 .575 
                                         ← Smoking 20 −.017 .315 
                                         ← Alcohol use 20 −.002 .925 
                                         ← Physical activity 20 .007 .624 
                                         ← Medication 20 .028 .193 
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Table A-2. Coefficients and p values for individual path in the cross-lagged panel model of TV viewing and 

BMI for the whole population (N = 3,269) 

Path  B p 
TV viewing 5 

                                           ← Age  .010 .526 
                                         ← Gender −.017 .396 
                                         ← Race −.304 <.001 
                                         ← Education −.101 <.001 
                                         ← Diet pattern −.235 <.001 
                                         ← Family income 5 −.080 <.001 
                                         ← Smoking 5 .084 <.001 
                                         ← Alcohol use 5 .157 <.001 
                                         ← Physical activity 5 −.093 <.001 

   BMI 5 
                                           ← Age  .064 .001 

                                         ← Gender −.056 .008 
                                         ← Race −.208 <.001 
                                         ← Education .020 .343 
                                         ← Diet pattern −.063 .001 
                                         ← Family income 5 −.031 .313 
                                         ← Smoking 5 .023 .379 
                                         ← Alcohol use 5 −.095 .001 
                                         ← Physical activity 5 −.115 <.001 
TV viewing 10 

                                           ← TV viewing 5 .637 <.001 
                                         ← BMI 5 −.087 <.001 
                                         ← Family income 10 −.202 <.001 
                                         ← Smoking 10 .036 .089 
                                         ← Alcohol use 10 .026 .185 
                                         ← Physical activity 10 −.012 .495 
                                         ← Medication 10 .256 <.001 
BMI 10 

                                           ← TV viewing 5 .034 .023 
                                         ← BMI 5 1.012 <.001 
                                         ← Family income 10 .025 .146 
                                         ← Smoking 10 .010 .522 
                                         ← Alcohol use 10 −.043 .004 
                                         ← Physical activity 10 .035 .011 
                                         ← Medication 10 −.108 <.001 
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Table A-2 continued 
 
TV viewing 15 
                                         ← TV viewing 10 .782 <.001 
                                         ← BMI 10 .151 <.001 
                                         ← Family income 15 −.158 <.001 
                                         ← Smoking 15 −.063 .001 
                                         ← Alcohol use 15 .056 .005 
                                         ← Physical activity 15 .007 .641 
                                         ← Medication 15 −.221 <.001 
BMI 15 

                                           ← TV viewing 10 .001 .917 
                                         ← BMI 10 .940 <.001 
                                         ← Family income 15 −.003 .818 
                                         ← Smoking 15 −.003 .809 
                                         ← Alcohol use 15 −.033 .007 
                                         ← Physical activity 15 −.025 .027 
                                         ← Medication 15 .003 .847 
TV viewing 20 

                                           ← TV viewing 15 .720 <.001 
                                         ← BMI 15 −.061 <.001 
                                         ← Family income 20 −.061 .001 
                                         ← Smoking 20 .064 .001 
                                         ← Alcohol use 20 −.010 .606 
                                         ← Physical activity 20 −.060 <.001 
                                         ← Medication 20 .137 <.001 
BMI 20 

                                           ← TV viewing 15 .007 .471 
                                         ← BMI 15 .871 <.001 
                                         ← Family income 20 .003 .825 
                                         ← Smoking 20 −.010 .508 
                                         ← Alcohol use 20 −.050 <.001 
                                         ← Physical activity 20 −.059 <.001 
                                         ← Medication 20 −.042 .006 
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Table A-3. Coefficients and p values for individual path in the cross-lagged panel model of TV viewing and 

waist circumference (WST) for the whole population (N = 3,269) 

Path  B p 
TV viewing 5 

                                           ← Age  .011 .493 
                                         ← Gender −.007 .745 
                                         ← Race −.308 <.001 
                                         ← Education −.100 <.001 
                                         ← Diet pattern −.238 <.001 
                                         ← Family income 5 −.077 <.001 
                                         ← Smoking 5 .077 <.001 
                                         ← Alcohol use 5 .174 <.001 
                                         ← Physical activity 5 −.093 <.001 

   WST 5 
                                           ← Age  .096 <.001 

                                         ← Gender −.400 <.001 
                                         ← Race −.104 <.001 
                                         ← Education .029 .172 
                                         ← Diet pattern −.096 <.001 
                                         ← Family income 5 −.062 .043 
                                         ← Smoking 5 .035 .169 
                                         ← Alcohol use 5 −.053 .046 
                                         ← Physical activity 5 −.148 <.001 
TV viewing 10 

                                           ← TV viewing 5 .628 <.001 
                                         ← WST 5 −.147 <.001 
                                         ← Family income 10 −.209 <.001 
                                         ← Smoking 10 .038 .076 
                                         ← Alcohol use 10 .016 .387 
                                         ← Physical activity 10 −.015 .390 
                                         ← Medication 10 .338 <.001 
WST 10 

                                           ← TV viewing 5 .036 .019 
                                         ← WST 5 .952 <.001 
                                         ← Family income 10 .021 .223 
                                         ← Smoking 10 −.009 .581 
                                         ← Alcohol use 10 −.026 .074 
                                         ← Physical activity 10 .027 .051 
                                         ← Medication 10 −.034 .063 
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Table A-3 continued 
 
TV viewing 15 
                                         ← TV viewing 10 .803 <.001 
                                         ← WST 10 .210 <.001 
                                         ← Family income 15 −.144 <.001 
                                         ← Smoking 15 −.056 .004 
                                         ← Alcohol use 15 .040 .040 
                                         ← Physical activity 15 .004 .801 
                                         ← Medication 15 −.323 <.001 
WST 15 

                                           ← TV viewing 10 −.018 .131 
                                         ← WST 10 .914 <.001 
                                         ← Family income 15 −.010 .509 
                                         ← Smoking 15 .014 .363 
                                         ← Alcohol use 15 −.024 .075 
                                         ← Physical activity 15 −.040 .003 
                                         ← Medication 15 .019 .290 
TV viewing 20 

                                           ← TV viewing 15 .718 <.001 
                                         ← WST 15 −.072 <.001 
                                         ← Family income 20 −.064 <.001 
                                         ← Smoking 20 .061 .002 
                                         ← Alcohol use 20 −.007 .708 
                                         ← Physical activity 20 −.062 <.001 
                                         ← Medication 20 .171 <.001 
WST 20 

                                           ← TV viewing 15 .002 .836 
                                         ← WST 15 .908 <.001 
                                         ← Family income 20 −.001 .931 
                                         ← Smoking 20 −.020 .195 
                                         ← Alcohol use 20 −.020 .149 
                                         ← Physical activity 20 −.019 .115 
                                         ← Medication 20 .062 <.001 
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Table A-4. Coefficients and p values for individual path in the cross-lagged panel model of TV viewing and 

cardiometabolic risk for the low hostility group (N = 1,547) 

Path  B p 
TV viewing 5 

                                           ← Age  −.011 .640 
                                         ← Gender .010 .738 
                                         ← Race −.407 <.001 
                                         ← Education −.121 <.001 
                                         ← Diet pattern −.288 <.001 
                                         ← Family income 5 .031 .382 
                                         ← Smoking 5 .146 <.001 
                                         ← Alcohol use 5 .096 .004 
                                         ← Physical activity 5 −.091 .001 

   Cardiometabolic risk 7 
                                           ← Age  .046 .082 

                                         ← Gender −.512 <.001 
                                         ← Race −.108 .001 
                                         ← Education −.025 .368 
                                         ← Diet pattern −.118 <.001 
                                         ← Family income 5 −.031 .429 
                                         ← Smoking 5 .103 .004 
                                         ← Alcohol use 5 −.105 .003 
                                         ← Physical activity 5 −.145 <.001 
TV viewing 10 

                                           ← TV viewing 5 .674 <.001 
                                         ← Cardiometabolic risk 7 −.196 <.001 
                                         ← Family income 10 −.139 <.001 
                                         ← Smoking 10 −.020 .559 
                                         ← Alcohol use 10 .105 .001 
                                         ← Physical activity 10 .038 .240 
                                         ← Medication 10 .438 <.001 
Cardiometabolic risk 10 

                                           ← TV viewing 5 .031 .143 
                                         ← Cardiometabolic risk 7 .868 <.001 
                                         ← Family income 10 .033 .196 
                                         ← Smoking 10 −.041 .121 
                                         ← Alcohol use 10 .011 .647 
                                         ← Physical activity 10 .037 .120 
                                         ← Medication 10 .123 .004 
 
 
 
 

  



 114 

Table A-4 continued 
 
TV viewing 15 
                                         ← TV viewing 10 .923 <.001 
                                         ← Cardiometabolic risk 10 .231 <.001 
                                         ← Family income 15 −.099 .002 
                                         ← Smoking 15 −.051 .118 
                                         ← Alcohol use 15 −.049 .097 
                                         ← Physical activity 15 −.059 .034 
                                         ← Medication 15 −.375 <.001 
Cardiometabolic risk 15 

                                           ← TV viewing 10 −.009 .631 
                                         ← Cardiometabolic risk 10 .893 <.001 
                                         ← Family income 15 −.051 .045 
                                         ← Smoking 15 .038 .098 
                                         ← Alcohol use 15 −.005 .822 
                                         ← Physical activity 15 −.048 .022 
                                         ← Medication 15 .024 .500 
TV viewing 20 

                                           ← TV viewing 15 .670 <.001 
                                         ← Cardiometabolic risk 15 .029 .226 
                                         ← Family income 20 −.064 .005 
                                         ← Smoking 20 .034 .228 
                                         ← Alcohol use 20 −.051 .049 
                                         ← Physical activity 20 −.018 .392 
                                         ← Medication 20 .047 .116 
Cardiometabolic risk 20 

                                           ← TV viewing 15 .028 .119 
                                         ← Cardiometabolic risk 15 .859 <.001 
                                         ← Family income 20 .021 .401 
                                         ← Smoking 20 −.041 .075 
                                         ← Alcohol use 20 .021 .305 
                                         ← Physical activity 20 .002 .933 
                                         ← Medication 20 .071 .029 
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Table A-5. Coefficients and p values for individual path in the cross-lagged panel model of TV viewing and 

cardiometabolic risk for the high hostility group (N = 1,722) 

Path  B p 
TV viewing 5 

                                           ← Age  .043 .076 
                                         ← Gender −.029 .370 
                                         ← Race −.235 <.001 
                                         ← Education −.061 .005 
                                         ← Diet pattern −.223 <.001 
                                         ← Family income 5 −.143 <.001 
                                         ← Smoking 5 .042 .098 
                                         ← Alcohol use 5 .204 <.001 
                                         ← Physical activity 5 −.108 <.001 

   Cardiometabolic risk 7 
                                           ← Age  .128 <.001 

                                         ← Gender −.353 <.001 
                                         ← Race −.033 .281 
                                         ← Education .012 .701 
                                         ← Diet pattern −.141 <.001 
                                         ← Family income 5 −.084 .046 
                                         ← Smoking 5 .016 .644 
                                         ← Alcohol use 5 −.106 .013 
                                         ← Physical activity 5 −.117 .002 
TV viewing 10 

                                           ← TV viewing 5 .599 <.001 
                                         ← Cardiometabolic risk 7 −.215 <.001 
                                         ← Family income 10 −.212 <.001 
                                         ← Smoking 10 .085 .005 
                                         ← Alcohol use 10 −.017 .578 
                                         ← Physical activity 10 .060 .033 
                                         ← Medication 10 .322 <.001 
Cardiometabolic risk 10 

                                           ← TV viewing 5 .068 .002 
                                         ← Cardiometabolic risk 7 .774 <.001 
                                         ← Family income 10 .097 <.001 
                                         ← Smoking 10 .045 .100 
                                         ← Alcohol use 10 −.043 .093 
                                         ← Physical activity 10 .079 .001 
                                         ← Medication 10 .250 <.001 
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Table A-5 continued 
 
TV viewing 15 
                                         ← TV viewing 10 .716 <.001 
                                         ← Cardiometabolic risk 10 .285 <.001 
                                         ← Family income 15 −.227 <.001 
                                         ← Smoking 15 −.080 .009 
                                         ← Alcohol use 15 .096 .003 
                                         ← Physical activity 15 −.069 .011 
                                         ← Medication 15 −.396 <.001 
Cardiometabolic risk 15 

                                           ← TV viewing 10 −.019 .408 
                                         ← Cardiometabolic risk 10 .919 <.001 
                                         ← Family income 15 −.020 .429 
                                         ← Smoking 15 .004 .877 
                                         ← Alcohol use 15 −.043 .082 
                                         ← Physical activity 15 −.032 .185 
                                         ← Medication 15 −.049 .145 
TV viewing 20 

                                           ← TV viewing 15 .721 <.001 
                                         ← Cardiometabolic risk 15 −.069 .002 
                                         ← Family income 20 −.037 .193 
                                         ← Smoking 20 .070 .007 
                                         ← Alcohol use 20 .006 .814 
                                         ← Physical activity 20 −.047 .038 
                                         ← Medication 20 .152 <.001 
Cardiometabolic risk 20 

                                           ← TV viewing 15 .057 .013 
                                         ← Cardiometabolic risk 15 .851 <.001 
                                         ← Family income 20 .010 .721 
                                         ← Smoking 20 .002 .940 
                                         ← Alcohol use 20 −.030 .248 
                                         ← Physical activity 20 .009 .683 
                                         ← Medication 20 −.007 .808 
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