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ABSTRACT

Sedentary Behavior and Physical Activity: Risk leastAssociated with Modern
Lifestyles

Anne-Marie Meyer
(Under the direction of Kelly R. Evenson)

This dissertation explores two diametrically opmbbehavioral risk factors. The first
risk factor, television watching, is the most pilewd leisure activity in the United States.
The second, physical activity, is one of the mogiartant modifiable risk factors for chronic

disease.

The first aim was to examine the association @&vislon watching with physical
activity and diet in the Atherosclerosis Risk infmunities Study. Television exposure,
physical activity, and dietary information werelected via self-report at baseline and six
years later in 12,678 men and women ages 45 t@érs\at baseline. Participants who
reported high television exposure were more likelpe inactive and have a poor dietary
profile. These results persisted over the sixgyeéfollow-up, regardless of modeling
strategy. Risks associated with sedentary berga\wsorch as television watching, have been
neglected in public health research. This worlahgnts the need for further research on

measurement, determinants, and risks of sedenédugviors.



A better understanding of behavioral risk factarshsas physical activity requires
continued research on current questionnaires argunement tools used to quantify these
behaviors. The test-retest reliability of the Waoms Health Initiative physical activity
guestionnaire was examined in 1092 women as pdneafecond aim. Mild physical
activity had lower test-retest reliability than neodte, vigorous, and walking physical

activity, which were moderately to substantialljiaele.

Walking is the most common leisure physical actieihgaged in by adult women. The
Women'’s Health Initiative, with its reliable andigue questionnaire offered an opportunity
to examine the independent effects of walking isitgnfrequency, and duration on risk of
coronary heart disease. After a decade of follpwhaseline intensity, frequency, and
duration of walking were all associated with lowisk of coronary heart disease in 71, 502
women from 40 centers across the United States. highest category of walking intensity
was associated with a 60% reduction in risk re¢atovthe lowest category. Weaker
associations were observed for frequency and durafi walking. To untangle the effect of
each walking component (i.e., intensity, frequerayd duration) from their contribution to
energy expenditure, a control variable estimategyeational physical activity energy
expenditure was introduced in the models. Thaetiaddof this control variable did not

appreciably change the results. Strengths andhliimins of this approach are highlighted.

This dissertation highlights several areas forreit@search in physical activity
epidemiology. The first is a pressing need todsethderstand the impact of sedentary
behaviors on health. The second is the need teloebetter measurement tools for research

and surveillance. Lastly, new epidemiologic methoded to be applied to help understand



the specific health benefits from different typéplysical activities or components of

activity, such as frequency, intensity, and duratio
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INTRODUCTION

Throughout the 2Dcentury, changes in technology have drasticaflyémced human
lives and behaviors. Human beings have becomeasurgly sedentary as machines,
computers, and automation lessen the physical désnaiving. While these same
innovations help us live longer through advances@dicine, the risks of an inactive,

sedentary lifestyle are not well understood.

Every day the average American adult spends appairly four to five hours watching
television (Television At A Glance 2005), and y&t majority of the population does not
spend enough time in moderate to vigorous physici@lities to maintain health (MMWR
2004). As aresult the population is experien@ngpidemic of obesity and other disorders
associated with inactive lifestyles (Blair et @99; Bouchard 1999; Colditz 1999;
Katzmarzyk et al. 2003; Mack et al. 2003; Mansoale2004; Physical inactivity a leading

cause of disease 2002).

While epidemiologists have continued to exploredfiects of physical activity through
observational cohort studies, it has been diffitmkkeep up with changes in computer and
other “screen” technologies. Technological advangeelevision, video, internet and
gaming increasingly encourage sedentary lifestyt@sly a handful of epidemiologic studies
have examined the effects of sedentary behaviocs, as television watching, and risk of
diabetes or obesity (Dunstan et al. 2004a; Furads @000; Hu et al. 2001; Hu et al. 2003;

Kronenberg et al. 2000). Public health scienasésconsidering the necessity of new



“sedentary behavior” health recommendations to dement the current physical activity

recommendations (ACSM 2007).

Many groups have published physical activity hestttommendations over the last
thirty years (examples: ACSM 1994; ACSM Positigat&ment 1990 1990; ACSM 1998;
ACSM 1978; Beunen et al. 1994; American Cancer&p@d006; IOM 2005; Fletcher et al.
1992; American Cancer Society Guidelines 1996; UBBF004a; Surgeon General 1996b).
But the optimal physical activity prescription rediag health and longevity is still not
understood (ACSM 2002; Barinaga 1997; Kesanieral.2001). At the present time, there
appears to be insufficient evidence on the relatiygrtance of intensity, duration, and
frequency of physical activity with regards to midity and mortality (Erlichman et al. 2002;

Kesaniemi et al. 2001; Lee et al. 2001b).

This body of work explored two sides of the pulblealth burden of our present-day
lifestyles. First, we examined television watchasya marker of sedentary lifestyle and its
association with the chronic disease risk factéidiet and physical activity. Second, we
explored the relative contribution of the physiaalivity components (intensity, frequency

and duration) to the risk of coronary heart diseasebidity and mortality.



Il. SPECIFIC AIMS

Aim 1: Explore the Relationships between TelevisiokVatching, Physical Activity, and
Diet.

Aim la: Describe the cross-sectional relationship lefvision watching with physical
activity and diet (total calories, total fat, sergs of fruits and vegetables, sweets, and salty

snacks).

We hypothesize that individuals who report watchilgvision “often” or “very often” will
have lower levels of physical activity and fruitgetable consumption, as well as higher
caloric, fat, sweets, and salty snack intake coeygbéw individuals who watch television

“never”, “seldom”, or “sometimes”.

Aim 1b: Examine the relationships of television watghith physical activity and diet
(total calories, total fat, servings of fruits argbetables, sweets, and salty snacks) measured

six years later.

We hypothesize that people who watch televisioteftfor “very often” as baseline will
have a stronger association with physical activityit/vegetable consumption, caloric, fat,
sweets, and salty snack intake assessed 6 yeathatepeople who watch television

“never”, “seldom”, or sometimes”.



Aim 2: To assess the test-retest reliability of alysical activity questionnaire and using
this questionnaire to examine the independent effecof intensity, duration, and

frequency of walking on coronary heart disease (CHPmorbidity and mortality.

Aim 2a: To assess the test-retest reliability of the Wois Health Initiative (WHI) physical

activity questionnaire.

Aim 2b: To examine the independent effect tinénsityof walking has on CHD morbidity

and mortality.

We hypothesize that when controlling for volumeaofivity (recreational physical activity
energy expenditure), participants who walk at dérgpeed (intensity) will experience a

lower risk of CHD morbidity and mortality than parpants who walk at a lower intensity.

Aim 2c: To examine the independent effect thatjuencyof walking has on CHD

morbidity and mortality.

We hypothesize that when controlling for volumeaofivity (recreational physical activity
energy expenditure), participants who walk on noostll days of the week will experience a

lower risk of CHD morbidity and mortality than parpants who walk less frequently.

Aim 2d: To examine the independent effect tthatation of walking has on CHD morbidity

and mortality.



We hypothesize that when controlling for volumeaofivity (recreational physical activity
energy expenditure), participants who take longaksvwill experience a lower risk of CHD

morbidity and mortality than participants who wébk shorter periods of time.



II. BACKGROUND AND SIGNIFICANCE

A. Epidemiology of Physical Activity, Physical Inactivty, and Sedentarism

An important first step in behavioral epidemiolagyo identify clear and consistent
definitions and measures. For example, the teimgsigalinactivity, physicalactivity, and
physicalfitnessare often used interchangeably, as are the telhysagal inactivity and
“sedentary”. Physicalctivity, physicalinactivity, and sedentary behavior (sedentarism) have
become increasingly important risk factors. Thiniteons and measurement of these risk
factors have been evolving over the past decad&AC007). This evolution has occurred
because of increasing interest in studying thesseethehaviors independently. This
dissertation examines all three of these risk biensvsedentarism as a risk factor for

physicalinactivity, and physica&ctivity as a risk factor for cardiovascular disease.

Of the three behaviors, “physical activity” has thearest definition: any bodily
movement produced by skeletal muscle that resuksergy expenditure (Caspersen et al.
1985). The definition of “physical inactivity” isot consistent, but is often defined as limited
participation in, or the absence of, activities danling at least three metabolic equivalents
of task (METSs) above resting metabolism (Ezza#ileR002). Physical inactivity will be
defined as such for the purposes of this reseatf@edentarism” or a term for sedentary

behaviors has not yet identified by any definitinrthe epidemiologic literature but will be



defined here as spending extended amounts of tirmedentary (requiring one MET or less)

pursuits or behaviors.

Physical inactivity is one of the most prevalentoehic disease risk factors. Over the
past decade, between 25-30% of American adults t@v&stently been defined as inactive
(MMWR 2004). According to a Healthy People 2016gyess report, 38% of adults
engaged in no leisure time physical activity (USDERD04). At the other end of the
spectrum, age adjusted data for physical activipns that only one-third of adults aged 18
years and older engaged regularly in moderate phlyactivity (i.e., 30+ minutes of
moderate activity at least 5 times a week) and 88k engaged in vigorous physical
activity (20+ minutes on at least 3 occasions pegky (MMWR 2004). This prevalence has
not changed significantly over the past decade (H89 2004a). This provides evidence
that the vast majority of the American public iagtive or insufficiently active. The high
prevalence of sedentary activities and low prevadesf adequate physical activity have both
been documented as important risk factors whiabctly affect health (Surgeon General

1996b).

How physical activity, inactivity, or sedentarisifiegt health is not well understood.
All three may potentially have independent effemtshealth (Ching et al. 1996; Coakley et
al. 1998; Dunstan et al. 2007; Dunstan et al. 2608y et al. 2000; Fung et al. 2001,
Hamilton 2007; Hamilton et al. 2004; Healy 2007&aly 2007b; Hu et al. 2001; Hu et al.
2003 ; Jakes et al. 2003; Kronenberg et al. 2008tiNez-Gonzalez et al. 1999; Salmon et
al. 2000; Zderic 2007). Itis probable that distiphysiologic and metabolic consequences
exist for each behavior and that these consequeliiteentially effect health. It is also

possible that other population attributes or peasbehaviors vary in regards to effect or

7



association with each risk factor (e.g., age, gendee/ethnicity, education,
occupation/employment, geography, marital states;gived health,
neighborhood/environmental factors, psychosociabbtes) (Allison 1996; Buckworth et al.
2004; Caspersen et al. 2000; Evenson et al. 2@2ex, et al. 2003; King et al. 2000). One
step toward untangling this puzzle is to examimedégree to which these behaviors are
associated with one another. Although it apptab®e a contradiction, it is possible for a
person to be both “active” and “sedentary”. Foaraple, an individual may engage in a
single sports activity for 30-60 minutes every tlagreby meeting many of the physical
activity recommendations, but spends the restefity sitting. Understanding the
differences and health effects of these behaveaaires both clear, concise definitions, and

specific, valid measurement tools.

B. Television Watching as a Marker for Sedentary Behaor

A better understanding of the differences betwdwgysipal activity and sedentary
behaviors is complicatdaly the absence of a tool for measuring sedentanitaes.
However, in the absence of a validated tool, tsiewi watching become a useful estimate for
sedentary time (Bertrais et al. 2005; Dunstan. &Q05; Dunstan et al. 2004a; Dunstan et al.
2004b; Ford et al. 2005; Gao et al. 2007; Kronegle¢rl. 2000; Li et al. 2007). While
hours of television watching or other measure oéeg time may not be adequate for

guantifying all sedentary behavior, it has becom@rgortant starting point.

In the past half century, watching television hasdme the most popular leisure activity
in the United States (US). A survey of US housefidly Nielsen Media Research, showed
that the average household reported 8 hours amdrdfes of television watching per day

8



(Television At A Glance 2005). According to thatwey, adult women watched on average
5.6 hours per day, while men watched an averagbalii per day (Television At A Glance
2005). Ninety-nine percent of homes owned a calavision, 80% had 2 or more, and 85%
of these homes received wired cable or alterndieedy service (e.g., satellite) (Television
At A Glance 2005). A separate organization, Theéaberg Public Policy Foundation, also
found that 98% of households had at least oneisébev(average 2.4-2.8 per household),
97% owned a VCR, and almost 50% had all four tyggésedia hardware” which included

a television, VCR, video games, and personal coerg@innenberg Public Policy Center
2000). The Annenberg report also found that maneilies had an Internet subscription than

a newspaper subscription.

The amount of leisure time available to Americanledaverages only 3-4 hours per
day, after working, travel, and chores are accoshplil (Bouchard 1999). As a result, the
vast majority, if not all, of a person’s discretawyg time is typically spent being sedentary
(Bouchard 1999; Television At A Glance 2005). efiéfore, very few opportunities remain
for more physically active pursuits and hobbiefisTedentary lifestyle may have a direct
effect on the energy balance of the populatiordeéu, the steady increase in number of
televisions and hours of watching in the last 18Qo/ears seems to parallel the increase in

obesity (Hu et al. 2003).

Although watching television is such a prevalerdaor, it is surprising that few
studies have examined it, or its associationstheraisk factors like physical activity or diet.
Most scientific publications have excluded the aggmn between television watching and
activity, because both “exposures” are indepengastsociated with the outcomes under

study (e.g., diabetes, weight gain, energy experalietc).
9



1. Television and its Associations with Physical Actity and Diet

Few studies have reported an association betwémnsien watching and physical
activity. Both the Men’s Health Professionals (gt al. 2000) and Nurses Health Studies
(Hu et al. 2003) found low correlations betweenchatg television and physical activity (-
0.05 and -0.03 respectively). A study conductedrmgrPima Indians also reported similarly
low Spearman correlations between watching teleniand past year physical activity (-0.11
in men, -0.10 in women) (FitzGerald et al. 199The most recent and in-depth examination
of television watching in the Australian Diabetefort has also found weak associations

with physical activity (-0.04) (Dunstan et al. 2@)4

Compared to physical activity, more research hasmed on television watching and
dietary behaviors. The Men’s Health Professior@i@t and Nurses Health Study are the
largest longitudinal cohorts to examine diet areMision (Fung et al. 2000; Hu et al. 2001,
Hu et al. 2003). Both men and women with highvisien watching were more likely to
smoke, drink alcohol, and have more energy derets that were higher in total and
saturated fats. They also ate more red and predessat, french fries, refined grain, snacks,
sweets or desserts, and had a lower intake offfisits, vegetables, and whole grains (Fung

et al. 2000; Hu et al. 2001; Hu et al. 2003).

Studies examining obesity have also provided ewder an association between
television watching and diet. One such a studyntban association with diet, but not
activity, suggested that energy intake associatddtelevision watching may be a more
powerful mechanism for weight gain than physicaivay (Jeffery et al. 1998). Using a

study that observed over 1,000 men and women feryear, they found no significant

10



associations between television and exercise. Meméor every additional hour of
television viewing per day, the women in the stadgsumed an additional 50-136 kcal/day

(Jeffery & French 1998).

Although the behaviors appear related, the smatiber of studies on diet and
television do not provide any information on thenporality of the two behaviors.
Hypothesized mechanisms through which televisiewing is associated with energy intake
are not well understood. Science has not adequaelained whether television watching

cues eating behavior or if eating encourages t&@viviewing?

One hypothesized mechanism involves time of d&rimetime” television hours
overlap with the evening meal period. This timaftot may encourage people to consume
their meal or snack in front of the television tm@ missing the news or a television
program. Breakfast may also be a meal consumelé wiitching the morning news or
weather. A study by Gore et al (Gore et al. 2068hducted in overweight women, found
that the women ate 46% of their meals (~ 9.1 meaisveek) in front of the television.
However, the content (calories, percent fat, et¢the@se meals was not significantly different

than meals not eaten in front of the television.

A similar study of college students, showed thatlaps when participants ate with the
television on, they consumed approximately onetaudil meal compared to days when
they ate with the television off (Stroebele et28l04). Meals during television watching may
have been smaller in size, but resulted in a reease of energy intake (Stroebele & de
Castro 2004). Their study also found that thel extaount eaten was also related to the time

spent with the television on. Additionally, onydavhen television and eating were
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combined, participants exercised less and watclmedsa twice as much television compared

to days when they did not eat with the television o

Perhaps watching television does not influencdithmg or content of a “main meal”
(breakfast, lunch or dinner) but may increase teguency and/or quantity of snacking. The
Gore et al. (Gore et al. 2003) study, which foundaesociation between meals and
television, reported significant associations veitiacking and television exposure. Their
results suggest that snacking while watching telewiis associated with increased overall
caloric intake and calories from fat (Gore et 8032). A previous study from the 1980’s also
found that the number people snacked as frequdating primetime television views as

eating breakfast, lunch, and dinner combined (Garbhal. 1982).

Stimulus control may also play a role in energgketwhen men and women eat meals
in front of the television. When a meal or snackonsumed while watching television, the
satiety response may be dulled or ignored resuitirmpntinued eating. The college students
who were examined in Stroebele et al. (Stroebetke &astro 2004) study indicated less
hunger before the meals they consumed eaten whtiehing television. This introduces an
important question: How does watching television@irage a person to eat when he or she

may not be particularly hungry?

One logical explanation for this paradox is adeamy. Television viewing may directly
cue eating behaviors due to the high proportiotafeted food advertising. People may
respond to this stimulus by heading to the kitcbepantry for the types of sweet and salty
foods heavily advertised during programming breakieatured during the show. Food

advertisements on television tend to be for higheergy dense foods, with more fat, sodium,
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and sugar (Byrd-Bredbenner et al. 2000; French @081). French et al (French et al.
2001) estimated that during 15 hours of televiggposure a week, approximately 90
minutes of that time is commercial advertising #md advertising is heavily geared toward
confectionaries, snacks, prepared convenience fdastsfoods, and soft drinks. In 1988,
Story et al (Story et al. 1990) conducted an amalykfood messages during primetime
television hours (shows and advertisements) andddliat for every 30 minutes of
programming, approximately five food referencesenmade. Sixty percent of these foods
references were low nutrient beverages and swaeds35% of the commercials aired
promoted specific foods, with fast food restau@rhmercials occurring the most
frequently. Although there is a clear and consispattern of unhealthy foods marketed on

television, there has been very little explorawdits impact on physical activity and diet.

C. Physical Activity and its Evolution as a Health Ri& Factor

Although the health benefits of activity have beectognized for centuries, the modern
evidence for a relationship between activity andtaliby began with a handful of studies
conducted by Drs. Jeremy Morris (Morris et al. 19&8d Ralph Paffenbarger (Paffenbarger
et al. 1978). These early research endeavors feuvidénce that vigorous sports or active
occupations provided a cardioprotective lifest@gdiChman et al. 2002). These studies,
combined with the increasing literature in exerasience, supported a vigorous threshold to
cardiovascular benefits. Together these fieldscance laid a foundation for the future

health recommendations regarding activity and sisn@lair 2005).

One of the first physical activity recommendatiovess published in 1978 by the
American College of Sports Medicine (ACSM) and mettl what has become known as the
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F.LT. principle (Frequency, Intensity, Time) (ACSM78). This recommendation focused
on the development and maintenance of cardiordepyréitness for health and encouraged
vigorous exercise at least three times per wedopeed as a continuous bout of at lea2d

minutes.

As interest in physical activity increased, measwaet and methods improved.
Scientists soon realized that many of the eartigties were limited in their assessment of
physical activity. Two meta-analyses on the eftdqthysical activity on CHD concluded
that conflicting results in the literature may beeault of study quality or insufficient
differences between the levels of active and imagiopulations (Berlin & Colditz 1990;
Powell et al. 1987). Another weakness identibgdhese studies was that previous studies
had dichotomized the population into active/inaetiwvoups based on a single job description

or sport participation question(s).

By the early 1990’s an effort was made to draw ntisénctive differences between the
definitions for exercise, physical fithess, and $ibgl activity. As a result, awareness was
generated concerning their differences and puldaith significance of each measure.
Population studies also began to move away fronfiatigs on performance related exercise

and began to examine lifestyle activities.

Soon after, the American Heart Association ideadifphysical inactivity as a primary
risk factor for cardiovascular disease (Fletcheale1992). By 1995, evidence for moderate-
intensity and modest amounts of activity was endoglthe ACSM and Centers for Disease
Control and Prevention (CDC) to publish a jointaimenendation for health (Pate et al.

1995). This widely accepted guideline recommerttatiadults accumulate 30 minutes or
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more of at least moderate activity on most or ajidof the week (Pate et al. 1995). The
recommendation also highlighted the importanceta tamount (dose) of activity over the

specific manner in which it is performed.

However, the scientific community was not in cont@lagreement with its conclusions
and there was a great deal of discussion surrogridlennew recommendations (Barinaga
1997). Advocates of vigorous exercise counteratirttany of the studies supporting
moderate levels of activity were based on phyditass research (Barinaga 1997). They
argued that studies based on cardiorespiratorgsgishould not influence physical activity
recommendations because cardiorespiratory fitrsegsre genetically determined than
activity and influenced by other personal attrilsuBarinaga 1997). It was also suggested
that much of the impetus for changing the guidaliwas not based on solid evidence but
rather finding a more palatable, encouraging mesgagan increasingly inactive population
(Barinaga 1997). The previous recommendationsatirgg vigorous, sustained activity
was deemed a difficult prescription and seen amadp (Barinaga 1997; Lee & Skerrett

2001b).

To add to the controversy, in 2002 the Institut®ledicine (IOM) released a separate
report that recommended 60 minutes of accumulattdty performed every day (IOM
2005). The difference between the IOM and ACSM/QB&mmendations generated an
even greater degree of controversy and confusspeaally with regard to general health
benefits versus weight gain (ACSM 2002). Howetleg,IOM recommendation was focused

more so on energy balance or weight stability astcas much on general health benefits.
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Additionally, most of the previous recommendatidosnot contain information on the
components of total activity: intensity, frequenoyduration (Barinaga 1997; Haskell 1996;
Kesaniemi et al. 2001). This has been an imposghottcoming in the literature used to craft
recommendations that are specific with regard tiviic prescription. The central criticism
is that these studies focus solely on total volydedined as total energy expended) of
activity. These epidemiologic studies examinedsedomains of activity (i.e.,
sport/exercise, transportation, lifestyle, or oatign) and then examined the volume of

energy expenditure associated with morbidity andtatity.

1. Physical Activity Volume, and Health

Most epidemiologic studies report that a modevalemeof activity is sufficient to
produce health benefits regardless of type, intgnsequency, or duration. Health benefits
are achieved as long as a moderate volume ofdntby is expended, between 800 and
1500 kcal of energy per week (Blair et al. 198% KeSkerrett 2001b; Pate et al. 1995;
Surgeon General 1996a). Although many studieseatya this volume will result in
cardioprotective health benefits, many studies ntegpdose-response or linear relationship
between volume and risk of cardiovascular dise@8) morbidity and mortality (Berlin &
Colditz 1990; Katzmarzyk et al. 2003; Kesaniemale2001; Oguma et al. 2004). This
translates into “more is better”. What most stadle not describe is the optimal dose or
prescription of activity (defined as intensity, dtion, and frequency) for achieving health

benefits.

In 2000, an international symposium was held toulis many of the scientific issues

concerning physical activity dose-response andih¢kkesaniemi et al. 2001). International
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experts gathered to examine the evidence to dadiehetter define the relationship between
physical activity and health. At the 2000 sympasiBlair et al (Blair et al. 2001) reviewed
67 studies on physical activity and health or caeBpiratory fitness and health. A goal of
their review was to identify which of the two meesments, cardiorespiratory fitness or
physical activity, was more important in achievimgplth benefits. They found 49 studies
describing a dose-response between physical acaimd general health and nine studies
were found examining cardiorespiratory fitness hedlth. Among the studies which used
physical activity as the main exposure, differepgetresponse patterns were observed.
However, these differences in the dose-responserpatmay have been influenced by the
diverse methods of measuring activity (number ¢égaries, etc) (Blair et al. 2001). Of the
nine studies using cardiorespiratory fitness asxgosure, all appeared to show a strong,
inverse, dose-response gradient. In the few sfudiech compared both exposures (physical
activity vs. fitness), a threshold for benefits vadiserved with physical activity, while a
steeper gradient was observed for physical fith@$e study authors concluded that future
studies should not focus on the differences offagith benefits between physical activity
and physical fitness, but rather they reported itihate work remains to better define the
shape of the curve between activity and the diffehealth benefits, especially in terms of

optimal duration and intensity (Blair et al. 2001).

Oja et al (Oja 2001) reviewed the dose-responsedsgt total volume of activity and
it's effect on health and/or cardoirespiratory é$s published in observational and
experimental studies since 1990. This review tefiefrom the previous review by Blair et al
(Blair et al. 2001) because it used cardiorespiyditness as an outcome (rather than an

exposure) and focused on total volume of activity the subsequent health or fithess

17



response. Nineteen observational studies werededlin this review. The authors
concluded that when viewed collectively these olet@nal studies indicate that health
benefits are highly associated with the total vaushactivity. In fact they suggested that

the benefits were proportional to the total volumhactivity performed.

In contrast, the 15 experimental studies with assigactivity prescriptions (11 were
randomized control trials), did not seem to shogvsame relationship between volume of
exercise and health benefit. The lack of a retstiip observed between volume of activity
and health may be because very few of these studiessdesigned to study health outcomes.
As a result they were underpowered or unable teatismall effects. The authors also
concluded that an “urgent need” exists for fut@search to identify the volume of activity

and key elements of physical activity dose assediatith health outcomes.

A separate review from the same symposium as (Btat. 2001) and (Oja 2001)
examined the effect of either physical activityfioress on all-cause mortality and
considered 44 papers spanning over thirty yearssaarch (1966-2000) (Lee & Skerrett
2001b). Thirty-four of the papers reported a digant relationship between the volume of
physical activity and all-cause mortality. Howevathreshold effect with no additional
benefit at the highest levels of activity was reedrin five of the studies. More recently,
studies have been pooled in a meta-analysis toieegohysical activity and mortality
(Katzmarzyk et al. 2003). Thirty-one studies pded over fifty separate analyses and
produced a variance-based measure of risk thatl&t@al into 20% increase in risk for
inactive individuals compared to their more acpeers (relative risk [RR]=0.80, 95%
confidence interval [Cl] 0.78-0.82, in studies gotling for measure of adiposity). The

authors of the meta-analysis concluded that theagdd risk of all-cause mortality associated
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with inactivity was independent of adiposity, agender, and that adequate evidence existed

for an inverse dose-response between activity aortaiity.

In longitudinal studies a consistent, inverse desgonse relationship has been reported
between physical activity volume and cardiovascdisease. This has been observed with
physical activity and morbidity and mortality froBVVD and/or CHD. Kohl et al (Kohl
2001) published a review for the 2000 symposiunteatrating on studies which performed
a dose-response assessment of physical activitgy iientified five major cohorts and eight
scientific articles which specifically assesseddbse-response relationship between CVD
and physical activity. Two of the eight studies\ypded no evidence of a dose-response,
while five exhibited a convincing dose-responsatrehship. From 31 publications on CHD,
20 provided support for a dose-response (Kohl 20&lght found no association, while a
handful of others presented a threshold effect, drshaped relationship. A second
epidemiologic review of the literature on CHD arutiaty, published near the same time,
reached a similar conclusion (Wannamethee et @l 20Wannamethee and colleagues
(Wannamethee & Shaper 2001) found that althougiean dose-response relationship
exists, once a higher level of activity or inteypsg reached, risk might actually increase. In
fact, elevated risk of CHD was associated witheased vigorous activity in individuals with
established risk factors or clinical disease (Wamgthee & Shaper 2001; Wannamethee et
al. 2000). This was also one the few reviews ¢xamined the effect of intensity as one of

the three physical activity components: intendigguency, and duration.
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2. Physical Activity: Intensity, Frequency, and Duration

Scientists define and assess physical activity@eauct of its individual components:
intensity, frequency, and duration. These comptmare how activity is often measured and
prescribed. The recommendations from both the MICPHC and IOM are specific in
regard to the components, although the scientidesnce regarding the individual

contribution of each component is unclear.

Though information is readily available concernbenefits or risk of physical activity,
little is know about defined doses of activity aedulting health response (Kesaniemi et al.
2001). Specifically, scientists at the expert sgsipm in 2000 were unable to assess the
impact of the individual components of activity agaom their contribution to total volume.
A review published one year later found that thaggsium‘merely sought to establish the
effects (risks and benefits) of regular physicdivaty - rather than the more precise
measurement of the most effective dose (frequdoggtion, intensity and total volume)”
(page #269)(Erlichman et al. 2002). The deartitefature on the components of physical
activity leaves many unanswered questions, inclythe relative effect each component has
on morbidity and mortality. Only a small numbermpaoipulation-based experimental trials
have examined the effect of physical activity comgrgts on health outcomes or risk. There

are even fewer observational studies.

One of the most challenging methodological issuwespticating the debate is the
difficulty in untangling the effect of each compomnéom the resulting energy expenditure
(volume) (Hardman 2001; Kesaniemi et al. 2001; &egkerrett 2001b; Shephard 2001).

Many of the scientific articles that examine thieeff of physical activity components
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neglected to control for total volume of activitggrdman 2001; Kesaniemi et al. 2001; Lee
& Skerrett 2001b; Shephard 2001). This is impdrtetause an individual who engages in
activities that are frequent, of long durationymorous intensity, will expend more total
energy than another who engages in activity of matdentensity, infrequent, or short
duration. Therefore, until energy expendituredasidered, it is difficult to know if the
observed health effects in more active individaaitsan artifact of greater total energy

expenditure or a result of the higher intensitydiadnal frequency, or longer duration.

This situation is analogous to nutritional epidelogy when a “relative” measure of diet
or nutrient composition is examined independentiiotal caloric intake. For example, fat
or saturated fat is associated with increasedfoiskbesity and chronic disease above and
beyond their contribution to total energy intalkéat as a nutrient also contributes to more
kilocalories of energy intake relative to othermarits (carbohydrate, protein, etc). In order
to examine the biological meaning or impact of fagearchers must control for total energy
intake (Hu et al. 1999b; Willet 1998). There amuanber of nutritional epidemiologic
methods developed for this purpose including “rumridensity” methods, “energy partition
methods and “residual’ methods (Hu et al. 19990|8//1998), although many of these

methods are not without limitations or controvefilackerras 1996; Wacholder et al. 1994).

The first step to untangling these effects in ptgisactivity epidemiology is to collect
the separate components (intensity, frequencytida)aso that each one is assessed
independently, but contributes to a summary vagiablolume (e.g., energy expenditure as
METs or kilocalories). Second, to control for wole of activity, an estimate of energy
expended from all activities must be matched facamtrolled in the analysis. This is

achieved in laboratory studies by directly estimgithe caloric energy expenditure or
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“work” required in specific activities. Usuallyergy expenditure is measured in laboratory
studies through the composition of each individuiadspiration while performing an activity
(gas analysis). However, this method is not bs$0 integrate into epidemiologic studies,

so other ways to estimate the volume of work ovdagtperformed must be calculated.

The most common method of assessing total enemggnelture in epidemiologic
studies is by using the intensity of an activitydapplying a constant metabolic energy
requirement or MET value to that activity. Thisietant is estimated from a published list of
the energy costs of activities performed at diffi¢iatensities (Ainsworth et al. 1993;
Ainsworth et al. 2000). The constant metabolie (@nergy requirement) can then be
combined with a measure of time and converted MET's per unit time. Although it varies
slightly by individual, METs can also be translateth caloric expenditure which can also

be used as a summary measure to estimate voluaativty.

Translating total energy expenditure into METs @liodes for an exposure variable is
common in physical activity studies. However, ipéing to control for it as a covariate to
examine components has not been used. At thes timre are no published studies on
epidemiologic data that attempted controlling futat energy as a covariate to examine the
relative contribution of all three activity companie. There have been a handful of studies
that tried to examine individual component effdaysstratifying by volume or restricting the

population.

i Intensity

More than any other component of physical activityensity (how hard the activity is to

perform) has been the most critically examineds tlear from the literature that there are
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beneficial effects of physical activity, regardl@dshe intensity at which it is performed.
But there is little evidence in the epidemiologierature that suggests vigorous activity
provides a unique protective or negative effectopelits contribution to total energy

expenditure.

The public health recommendations have changedatieaily regarding the vigor at
which activity must be performed to obtain heakéméfits. The 1978 recommendation
(ACSM 1978) called for vigorously performed actydr activities which result in sweating
or significantly increased respiration. More rebgrthe recommendations have become
broader and encourages activities of more modertgesity (Barinaga 1997; Pate et al.
1995). There has been controversy surrounding tbhetimoderate and vigorous

recommendations as well as the science behindreasbage (Barinaga 1997).

The first part of the controversy pertaining to thgorous recommendation is that a
vigorous requirement is perceived as a barrieeco8dly, experts have not fully elucidated
the scientific evidence for health benefits frorteirse activity, over and above the
contribution to volume of energy expenditure. hligh some have suggested that intensity

and volume may work together to produce an addéfiect on health (Shephard 2001).

Experts at the 2000 symposium found moderate torgigs exercise positively
influenced many physiological end-points includiigod lipids, lipoproteins, and
overweight or obesity, but that high intensity pd®d no benefit to blood pressure
(Kesaniemi et al. 2001). They found insufficiemidence to establish a relationship between
intensity and coagulation and hemostatic factoes@fiemi et al. 2001). Other studies have

shown benefits of higher intensity physical acyivon a number of risk factors including
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resting energy expenditure (Hunter et al. 1998)teachanges in hormone or clotting
mechanisms (Shephard 1997), insulin sensitivityefBlard 1997), triglycerides (Fletcher
1999), immune function (Shephard 1997), aerobi@ciéyp (Rognmo et al. 2004), and

atherosclerotic plaque regression (Fletcher 1999).

When examining later endpoints like mortality, tegiewers of the previously
referenced meta-analysis of activity and mortgltgtzmarzyk et al. 2003) concluded that
there was insufficient evidence to indicate whetiranot vigorous activity was associated
with additional risk attenuation over and above grate activity. But they also concluded
that high intensity activity performed for shorganounts of time might have a different
health effect than moderately intense activitylforger periods of time (Katzmarzyk et al.
2003). In their review paper which also examineattality, Drs. Lee and Skerrett (Lee &
Skerrett 2001b) presented only four studies whiam@ned intensity of activity while
attempting to control for activity of other intetiss (attempt to control for volume). Results
from three of those studies indicated that onlyxagis activity was associated with lower
all-cause mortality rates. A few studies havemafited to control for volume when
examining intensity of activity and health effebisstratifying. In two studies of men
(Harvard alumni, Caerphilly study) stratified byabphysical activity, only vigorous
activities remained associated with risk of CHDyaortality (Lee et al. 2000a; Lee et al.
2003; Sesso et al. 2000; Yu et al. 2003). In tlem®8IHealth Professionals Study, average
exercise intensity was significantly associatedhwisk even after accounting for total
activity (Tanasescu et al. 2002). Researchersealamined the same cohort with regard to
diabetes risk and found that walking pace was iaddpntly associated with risk for diabetes

after considering time spent walking (Hu et al. 200
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The results in women have been more mixed. The#ws Health Study did not find
that walking pace was associated with lower ris€BD (Lee et al. 2001a). Although the
authors associated vigorous activities with lowsk,rthe study provided evidence that light
and moderate activities conferred similar benefiBr. Manson and colleagues (Manson et
al. 2002; Manson et al. 1999) found the oppositavmother populations of women. In both
the Nurses Health and WHI walking pace (an indicafontensity) was significantly

associated with coronary events.

More recently, a review comparing the cardiovasougk benefits of vigorous versus
moderate activity concluded thahe preponderance of evidence favors more
cardioprotective benefits from vigorous than fromderate intensity exercisépage
145)(Swain et al. 2006). This summary examined lepidemiologic cohort studies and
clinical trial evidence. The authors concludeat tihe epidemiologic evidence pointed
toward a greater reduction in risk of CHD assodatéh vigorous intensity versus moderate
intensity activity. The public health recommendatregarding intensity of activity can be
very contentious. The preponderance of evideness¢o suggest activities performed at a
vigorous intensity are more beneficial than moderddowever, the majority of the
epidemiologic literature examining this topic hasdd to explore the independent health

effects of the physical activity components whitatrolling for volume of activity.

il. Duration

Another difference between the two recent publ@ltherecommendations, ACSM/CDC
(Pate et al. 1995) and IOM (IOM 2005), was in dorabf activity. While the ACSM/CDC

advocates 30 minutes or more of moderate to vigoaativity on most days, the IOM has
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recommended twice that amount (60 minutes). Aatiwiof longer duration contribute more
toward energy expenditure or volume, but it is eaclif sustained activity provides any

health benefits beyond the contribution to volume.

The 2000 symposium (Lee & Skerrett 2001b) foung/ dwb studies (Lee et al. 2000b;
Leon et al. 1987) which examined duration in regacdCHD while controlling for total
volume activity. Both studies did not find an ipéadent effect of duration once scientists
accounted for volume. The authors concludeddbdbng as the total energy expenditure
was equal, longer sessions of exercise did notec@uditional benefit (Lee et al. 2000Db).
Other studies which attempted to address duraidnat control for volume and therefore
findings reflected the association between volumactvity and events (Lee & Skerrett

2001b).

A recent randomized control trial of activity orsulin sensitivity was conducted in 154
sedentary, obese adults and comparing three diffgmiescriptions based on volume and
intensity (Houmard et al. 2004). After six monttiee authors found that although all
exercise groups improved insulin sensitivity, tbiak duration was a more important factor
for increasing insulin sensitivity (vs. frequenaydantensity). The optimal duration to
perform activity has clearly not been clarifiedi literature. In order to assess this

component in an unbiased manner the volume ofigctiwist be controlled for.

iii. Frequency

The issue of frequency, or fractionalization (atyiperformed in intermittent bouts),
has received even less attention than either iyemsduration, and very few studies have

examined the associated health effects. An impbgaestion to answer is whether one
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continuous session of exercise has similar phygioleffects compared to several shorter

sessions if the same total duration is accumulated intensity is held constant.

Dr. Hardman attempted to review this issue forab@0 symposium and found
inconclusive evidence concerning the frequencyctfigdy bouts and health effects
(Hardman 2001). A small number of randomizeddriatlicated if total duration and
intensity are equal; several short exercise sesger day are equal in regards to
improvement in cardiorespiratory fitness (measw@gdxygen consumption or \{O

compared to one long exercise session.

In the Harvard Alumni Study, Lee et al (Lee et28l04) examined people who engage in
high volumes of activity, but during infrequent b®u They identified these people as
“weekend warriors” and defined them as individuah® expend enough energy for health
benefits (>1000 kcal/week), but during only onéven days per week. Comparing these
people to both their sedentary and more regulatiye peers (people who were active on
more than 2 days/week), they found that the weekerdors (who were not at risk of
disease) had a lower risk of mortality than thenlentary peers. When compared to
regularly active men, the weekend warriors hachlljgelevated risk. In subjects at high risk
for disease, weekend warriors experienced muclehigék, which led the authors to
hypothesize that perhaps the physiologic benafgsldferent. This analysis however did

not control for volume of activity or examine otlpatterns or frequencies of activity.

The current ACSM/CDC recommendations supportskimgaup physical activity into
smaller “bouts” performed more frequently. Howewbere is no conclusive literature

regarding frequency of activity bouts and the risglhealth effects. When activity volume
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is held constant, we do not know if one longer baigits the same effect as numerous

shorter bouts.

D. Conclusion

There is emerging evidence that physical actiyatysical inactivity, and sedentarism
have different influences on health. Examininthidbe combined and independent effects
of these risk factors on health is increasinglyamgnt for future public health

recommendations.

The influence of television watching, as a marKesealentary activity has never been
evaluated with regard to diet and physical actiunty prospective cohort of adults. The
Atherosclerosis Risk in Communities (ARIC) Studpydes an excellent opportunity to do
this. ARIC is a population-based cohort study giesd to investigate the etiology and
natural history of atherosclerosis. This cohod baen followed up annually and physical
examinations have been repeated at approximatedg trear intervals. Adults from four
communities in the US provided baseline informatiot986-1989, and six years later, on
many behavioral risk factors including televisioatehing and the outcomes of diet and

physical activity and were subsequently followed.

Physical activity is an undisputed risk factor fioorbidity and mortality, however the
optimal physical activity prescription is not wdkfined. The recent controversy
surrounding the IOM and ACSM/CDC guidelines hightgythe importance of this issue
(Barinaga 1997). At this time, there is no pulddistudy on epidemiologic data that

attempted to control for energy expended as a @ieao examine the relative contribution
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of each prescriptive component (intensity, durgtaord frequency). The Women’s Health
Initiative (WHI) provides a unique opportunity tgamine the three components of physical
activity. The questionnaire developed for thisdgtwas designed specifically for women
and ascertains information on each component ofigcseparately. WHI is likely the
largest and most ethnically diverse cohort to ex@mvomen’s health to date. Over 90,000
women from forty centers across the US have bdwed for almost ten years. An
extensive baseline survey, yearly contact withpdwticipants, and detailed morbidity and
mortality information supply detailed information ¢he variables that will help answer the

specific aims of this proposal.
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V. METHODS

A. Introduction

The objectives of this dissertation were to exantimebehavioral consequences of
modern day lifestyles. The two exposures undeahystielevision watching (sedentarism)
and physical activity, are diametrically opposetidaors and risk factors. Therefore, the
methods for this dissertation required severakdéift approaches. Data for the first aim
were extracted from the ARIC study to examine gsoaiations of television watching with
physical activity and diet. Data for the secoimd eequired two different datasets. The first
dataset, the Measurement and Precision Study fneriiHI, was used to examine the test-
rest reliability of the WHI physical activity quéstnaire. The second dataset for this aim
was derived from women enrolled in the Observati@uhort of the WHI. This group of
women was used to explore the independent asswwadi intensity, frequency, and
duration of walking with CHD morbidity and mortalit For each aim, we describe the study

population first, followed by the variable measui@sd lastly, details of the analysis.

B. Aim 1 Analyses from the ARIC Study

The ARIC study was designed to investigate thdagioand natural history of
atherosclerosis in middle-aged adults. Four comtiesnin the US were chosen:

Washington County, Maryland; suburbs of Minneapdisnesota; Jackson, Mississippi;



and Forsyth County, North Carolina. Between 198® 989, a probability sample of men
and women ages 45-64 years were recruited totjoenstudy. From this sample 15,792
participants completed the first visit. Recruitmeates were lowest in Jackson, Mississippi
(46%) and between 65-67% for the remaining thres siAt the baseline visit, participants
underwent a physical examination and testing teigeoinformation on cardiovascular risk
factors. All participants were also interviewedtlgined personnel about their past medical
history, educational attainment, family incomewaedl as usual diet and physical activity.
Each year, participants received a telephone @@sctertain their health status.
Approximately every three years the clinic viswsich include physical exams and

interviews, were repeated.

1. ARIC-Baecke Physical Activity Questionnaire

The Baecke questionnaire was designed by Dutclangsers to assess long-term
patterns of habitual physical activity (Baeckelel882). The questionnaire was intended
to better distinguish between different dimensiohphysical activity. The original
guestionnaire consisted of 29 items concerningdormponents/domains: occupation,
movement, sport, leisure time activities (excludspgrt), and sleeping habits. After
completing detailed analyses, the Dutch questioanvaas narrowed into three indices or
domains: leisure, sport, and work. These three@sdare included in the ARIC-Baecke
guestionnaire. However, the ARIC-Baecke questioartead minor modifications made to
the work and sport indices for the purposes ofAR¢C Study. These modifications are

described by index. The ARIC-Baecke questionnaas also designed to be interview
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administered. Participants completed the queséivae at baseline enroliment and at the

third clinic visit (1993-1995).

Leisure Index

The leisure index comprised questions regardinggieition in the following activities:
watching television, walking, biking, and trans@didn activity (minutes spent walking or
biking to and from work or shopping). The deriNedure index was not used in the analysis
of the first aim because it included the main expegtelevision). The television watching
guestion in the leisure index asked, “During yaisurre time do you watch television?” It
allowed for five responses, never, seldom, somesjroften and very often. The answers
were ranked on an ordinal scale from 1 (low) thiglf) and this single-item variable was

used as the main exposure.

The leisure index also included questions on waglkimking, and non-motorized
transport. These were used separately as outcoin@erest where appropriate. All of the
guestions were based on an ordinal scale fromefgonses never, seldom, sometimes,
often, and very often (coded 1 to 5). The trangtimn question was also broken into ordinal
categories based on categories of time (< 5 mifwieek, 5-<15 minutes/week, 15-<30

minutes/week, 30-<45 minutes/week>di5 minutes/week).

Sport Index

The sport index was determined from four componeestions. There are three close-

ended questions which asked participants how afftey engage in sports or exercise, how
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they compare their leisure activity level to thegers, and how often they sweat. These

guestions were also based on an ordinal scale Irdow) to 5 (high).

The fourth question allows the participant to reépgrto four sports or activities. The
participants recall how many hours per week andthwper year they engage in each of the
four possible sports or activities. Each activétyassigned an intensity value estimated from
the compendium of physical activities (Ainsworthaet2000). Lastly, a summed value is
assigned to each activity, by multiplying intensiuration (hours per week), and frequency
(months per year). Intensity is measured by medegoper hour (MJ/h) and defined as low,
moderate, or high (0.76 MJ/h, 1.26 MJ/h, 1.76 M{yRithardson et al. 1995). Duration is
measured in hours per week from less than 1 hodiotomore hours per week (0.5 hr/wk,
1.5, 2.5, 3.5, 4.5). Frequency is measured bytbportion of the year each activity is
performed from less than one month to more thamagths per year (0.04 month/yeatrr,
0.17, 0.42, 0.67, 0.92). The ARIC-Baecke questnendiffers from the original
guestionnaire in regards to number of activitiggoreed (original=2, ARIC=4). All of the
guestions (4 activities plus 3 ordinal questions)summed together to create a final index
which ranges from 1 to 5, with each item contribgtbetween 0 to 1 point or weighting each

item equally.

Work Index

Most modifications to the questionnaire involved #ssessment of occupational activity.
The original Baecke consisted of one item, whike AiRIC-Baecke work activity score
contains eight items. The first seven questiongsuke frequency of sitting, standing,
walking, lifting, sweating at work, fatigue afteovk, and comparison of work activity to

peers. These use an ordinal scale coded fronolloeving responses, never, seldom,
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sometimes, often, very often (1-5). A final (eighttem ranks the reported occupation into
low, medium or high activity levels (value of 1,&,5) based on industrial hygiene codes
and the scoring of two exercise physiologists. fin@ work index is calculated by
weighting each question equally, with a range fibto 5.

Reliability and Validity

The reliability and validity of the Baecke questiaire has not been tested in the ARIC
population. However, reliability and validity froother populations have been reported in
approximately 16 other studies and are detaile&bipendix A In terms of reliability, test-
retest correlations for total activity combinedrfrall three indices ranges from 0.65 to 0.93
and for the leisure index (which includes teleumswatching) correlations range between
0.70 to 0.80. The sport index has reported cdrogls indicating test-retest reliability

between 0.79 to 0.93 and the work index betweef &d 0.95.

Modest associations have been observed betwed@atdtke questionnaire and other
physical activity measures in a number of studi@emparative tools used against the
Baecke include aerobic capacity/maximal oxygen gonion, accelerometers, physical
activity diaries, and doubly labeled water. Of saparate indexes, the sports index
correlations were more strongly associated witlblaiercapacity (r=0.50-0.70) than the
leisure or work index (leisure r=0.26-0.57, worldr¥1-0.23). Three different types of
accelerometers were also used to examine valiflitysoBaecke physical activity
guestionnaire (Cauley et al. 1987; Gretbeck et@90; Jacobs et al. 1993; Mahoney et al.
1990; Miller et al. 1994; Philippaerts et al. 20@bjs et al. 1995; Rauh et al. 1992;
Richardson et al. 1995). When compared with acoeletery, the validity of the tool varied

significantly across studies. A number of studies\pared the Baecke against activity
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diaries ranging from multiple 24-hour recalls, thday histories, or even a four week diary
(Jacobs et al. 1993; Pols et al. 1995; Voorripd.et991). Comparing the Baecke to
physical activity diaries resulted in moderate ightcorrelations with the separate indexes
(correlations with sport index r= 0.40- 0.70, wigisure index r= 0.30-0.40). The last
validation method used for the Baecke physicalvdgtquestionnaire was against doubly
labeled water (Philippaerts et al. 1999). Of alkkstionnaires examined in the Philippaerts
study, the Baecke had the highest agreement coohpatte the doubly labeled water, and an
overall Pearson’s correlation for physical activayel of r=0.69 (sport index r=0.55, leisure

index r=0.22, work index r=0.52).

i Television: Exposure Measurement and Ancillary Da

Television watching has become an important maikesedentary behavior. The
Baecke questionnaire includes one question onisabevwatching as part of the leisure
index. The question is categorized on an ordicalesand taken directly from the
guestionnaire. Participants identified their tedean exposure as never, seldom, sometimes,

often, or very often.

The validity of the Baecke single-item televisioatehing question is unknown.
Lacking this information, we sought a populatiominich we could compare a more detailed
measure of self-reported television watching wité Baecke question. An ancillary dataset
was found which used both the Baecke questionaaiiea continuous measure of television
watching (Hulens et al. 2003). This data comesfeowalking study involving patients,
hospital employees, and family or friends of empkxy at the University Hospital

Gasthuisberg in Leuven, Belgium. Participants weneale, between 18 and 65 years of age,
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and not suffering severe or symptomatic diseasetu@ing, hypertension, dislipidemia, type
Il diabetes, orthopedic pain, or cardiopulmonaedse). The Baecke physical activity
guestionnaire and hours each day spent watchiagisedn were both recorded by self-

report.

To quantify the agreement between the two telenigigestions, we examined the
distribution of the two variables and then categgdlieach question into three levels. The
Baecke categories were collapsed by combining r&sielom into one category, sometimes
into the second, and often-very often into thedthifhe question on continuous hours of
watching television was then categorized by testilé/hen we compared the categorized
guestions together the resulting chi-square stafisbnzero correlation) was 92.3
(p<0.0001), showing a high level of agreement betwte two television measures (see

Appendix B).

ii. Physical Activity: Outcome Measurement

The main physical activity outcomes in the firgshavere the sport and work indices.
The leisure index could not be utilized becauseveilap with the main exposure
(television). However, the remaining leisure atgiquestions concerning walking, biking,
and non-motorized transport were included as ouésoon covariates of interest.
Participants were also dichotomized as active actime based on whether or not they
engaged in “regular physical activity”. This wasfided as participation in at least one hour
per week of activity for 10 or more months of tleag Inactivity was identified by a lack of
regular physical activity (defined as less than lboer per week of activity 10 months or

more of the year).
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2. ARIC Food Frequency Questionnaire — Dietary Outcomg

Usual dietary information was collected at base{t886-1989) and at the third clinic
visit (1993-1995) using a semi-quantitative dietqmgstionnaire. The ARIC food frequency
guestionnaire (FFQ) contains 66 items and is basdtie original Willett 61-item FFQ
(Willett et al. 1985). It also deviates from thégmal 61-item FFQ, because it is interview-
administered to improve accuracy and completen€hs. ARIC FFQ is organized into seven
sections; 1) dairy, 2) fruit, 3) vegetables, 4) taemd fish, 5) sweets and baked goods, 6)

miscellaneous, carbohydrates, fried foods, ance@gtages.

Interviewers asked the participants, “In the lasaryhow often, on average, did you

consume Nine responses were availableaich food item ranging from “almost
never” to “more than 6 times per day”. Each resgonas assigned a weight to transform it
into servings per day. Daily intake of nutrientssaxcomputed at the Channing Laboratory,

Harvard Medical School, by multiplying daily sergsof each item with the corresponding

nutrient content for each food item (Shimakawal .et294).

Dietary questionnaires, such as the ARIC-FFQ, &mnaised to estimate the association
between specific nutrients and disease or diseadegy (Subar et al. 2001b). Because this
analysis was not intended to explore disease gfolout rather the association between two
risk factors, we focused primarily on absolute ealof dietary composition. Other measures
of interest were nutrient estimates of total kiloc@s and total grams of fat. These variables
were also derived by the Channing Laboratory, Harkedical School (Shimakawa et al.
1994). All dietary outcomes were examined contushy, but because this food frequency

guestionnaire was designed to rank individuals iexels of intake, the outcomes were also
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categorized into tertiles or other appropriate gatezation. Details on variable creation are

outlined in Appendix C.

Validity and Reliability

Validity of the ARIC FFQ among cohort participahiss not been assessed. However,
the original 61-item FFQ has been validated aradu®ll-recognized dietary tool (Willett et
al. 1985). Percent agreement between dietaryadsard the FFQ on ranking subjects in the
lowest two quintiles of calorie-adjusted intake W&86, with a 77% agreement between the

highest two quintiles.

The reliability of the nutrients assessed by thd@RFQ has been estimated among
both white and African American ARIC study part@ms (Stevens et al. 1996). The median
reliability coefficients (unadjusted, using regtiesstechniques) were 0.48 and 0.63 for white

women and men respectively, and 0.45 and 0.5Caickblhomen and men respectively.

i. Covariates

A number of covariates were selected for analyasetl on known and suspected
relationships with the exposure and outcomes. Becthere is very sparse evidence about
the relationship of our main exposure (televisiataling) with other variables, the list of
potential covariates began broadly and narrowdteanalyses progressed. Information
from the univariate and bivariate analysis helpeidlg this process. Selected covariates and

their methods of collection are described in detaihe analysis plan.
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3. Analysis Plan - Aim 1

The association of television watching with phykaetivity or diet (aim 1a) was
answered using a cross-sectional design. The dgxa of this aim (Aim 1b) addressed the
prospective associations between television wagcith physical activity or diet by using a
longitudinal design. The central difference betw#ee cross-sectional and longitudinal
analyses is that the outcome measures were tatentifie third clinic visit. The main

exposure and other covariate information were tdik@n baseline values.

Data reduction

Any individual who did not answer the question elevision watching at the baseline
visit was excluded from all analyses. Individualso were missing information on
television watching at the third clinic visit wareluded for the baseline cross-sectional
analysis but excluded from longitudinal analysEsr both cross-sectional and longitudinal
analyses, any participant who selected a racialgather than white or African American
was excluded because of small sample size. Addillyy African Americans from the
Washington County, MD and Minneapolis, MN sites avalso excluded because the small

samples make the control of race by site difficult.

Covariates

A number of variables were considered as poteatiafounders of the relationship
between television watching and diet or physicévdg. These variables were decidedan
priori and included both socio-demographic and healthagleariables. The conceptual

model helped guide decision-making regarding thegates (Figure 4.1).
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Figure 4.1. Aim 1 Conceptual Model
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All sociodemographic variables were self-reportedaseline. Because racial groups
other than African American and white were exclydade was dichotomized as white or
African American. Race was also combined withdtugly center from which the participant
was recruited. This gave us a race by site vaitiat is organized into five categories
(Forsyth County African American; Forsyth CountyitghWashington County white;
Minneapolis white; and Jackson African AmericaiBducation was also self-reported and
organized into categories (<high school, high sthelugh school). Occupational
information was reported at each visit and wasres®d with two variables. The first
occupational variable describes whether or noptrécipant is currently employed; the

second describes the type of employment which \&tesyorized.

A number of health measures were also collecteteash visit smoking status was
obtained during interviews and defined categorycadl current, former, or never smoker. A
subjective general health question was also askedca visit and ranked the participants
health as excellent, good, fair, or poor. Anthmogtric measurements were obtained at each
clinic visit and included weight and height bodyssandex. Body mass index, weight in
kilograms by height in meters squared, can be aseath indication of body habitus. It was
categorized into underweight (<18.5 kgjrmormal (18.5 to <25 kg/fjy overweight (25 to

<30 kg/nf) and obeseB0 kg/nf) (WHO 1995).

i Univariate Analysis

Aim la: Cross-sectional

Initial analysis described the frequency and dsiiion of television watching with each
outcome. Television watching was described fasta categorical variable using the original
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5- level Likert scale and second, categorizedtintee levels: low, medium, and high
exposure. Participants who watched television éntar “seldom” were identified as low
exposure. Participants who reported “sometimedtinag were categorized into the
medium exposure group, and participants watchiriggfid or “very often” were assigned to
the high exposure category. The choice to categaelevision watching into these groups
was guided by information from the average houpsmed by Nielsen Media Research and
the ancillary data (Television At A Glance 2005p(%&ndix B). Nielsen Media Research,
the television ratings company collects data oevision viewing audiences, reported that
the average television exposure for men and wormen18 years of age was between four
and six hours per day (Nielsen Media Research ZD@leyision At A Glance 2005). The
ancillary data from Belgium also indicated that thean television hours in the “often” and
“very often” categories of the Baecke (high expe$uwvere around four and five respectively
(Appendix B). For the purposes of this studyjvidhals assigned to “low” exposure
represented people who were exposed to televisianesel less than what is considered

normal or average.

ii. Bivariate Analysis

Aim la: Cross-sectional

The crude associations between television watchif@seline and each of the outcomes
at baseline were examined using contingency tabidghe appropriate measures of
association (e.g., Mantel Haenszel, etc). Cowesiaf interest were also examined
separately with the exposure and each outcomederest. This information helped identify

meaningful cut-points for categorical variables.
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Aim 1b: Longitudinal

Because we had already examined the associatibwedietelevision watching and the
covariates, only crude associations between caearend values of the outcome at the third
clinic visit were explored for this analysis. Taavere no significant differences between the

cross-sectional and longitudinal bivariate analyses

iii. Multivariable Analysis

Aim 1la: Cross-sectional

Linear (continuous outcomes) and logistic (categdyiregression analyses were used to
estimate the cross-sectional associations betwaemain exposure and each outcome.
Linear models provided an estimate of the meansdoh outcome by level of television
exposure. Models were also explored using telewigiatching exposure as a five-level

Likert variable, as well as a three level categdn@riable (low, medium, high).

Multivariable analysis included variables for thfetent covariates and confounders of
interest. Categorical variables were includechdgator variables. Additional models
included controlling for the ‘opposite’ outcomeSor example, dietary outcomes were
examined with and without controlling for physieativity. Because the Willett FFQ has
been shown to be more valid with energy adjustndiatary outcomes were explored in

models simultaneously adjusted for total calori&sb@r et al. 2001b).
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Aim 1b: Longitudinal

For the second objective, linear and logistic regi@n were also used to estimate the
measure of six-year association, or risk betwelewigon watching and each outcome at the
third clinic visit. Models were run with the sartedevision exposure variables as the cross-

sectional analysis.

The only significant difference between the crasstisnal and longitudinal analyses
was the outcome variable and interpretation obita parameter. In the longitudinal
analyses each parameter estimate represents imgyeak (estimated by odds ratio in
logistic model) of the outcome at the third climisit (rather than prevalence). Additionally,
the outcomes at baseline were included in the tadgial model which was advantageous in

helping to address temporality of the exposurearidome relationship.

Multivariable Linear Regression

Multivariable linear regression was performed fottocross-sectional and longitudinal

analysis. The continuous outcomes in each modlelfed the same general formula:

y=a+B1X1+yVte

where the paramet@i indicates the coefficient of the main exposure,ghrameteyy
indicates the coefficient of all covariates or pot@ confounders. A number of models were

run and each separate model had a unique intemoéptegression parameters.

For example, a model of the association betweewitebn watching and the number of

servings of fruits and vegetables was:
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Prevalence (servings fruits and vegetables )}, (televisiony+ vV + e

where :

a = servings per day of fruits and vegetables migpants with all referent levels of the
independent variables

B1 = the estimated average increase in servingsgeoffruits and vegetables with an
increase in television exposure, while all otherac@tes are at referent levels

vk = represents the coefficients of all potential catas or confounders

Multivariable Logistic Regression

For dichotomous outcomes, each model followed #imeesgeneral formula:

In[p/(1-p)] = a + BaEa + WV

where the paramet@i indicates the coefficient of the main exposure,ghrameteyy
indicates the coefficient of potential confoundefsnumber of models were explored and
each separate model had a unique intercept anelssagn parameters. Outcomes were
dichotomized whenever possible. For example, aginoicthe association between

television and the physical activity outcome (dicmized) was:

In[P(inactivity | television) | =u + Bi(television)}+ y Vi

where:

a = intercept, background log odds of being inactoreall referent levels of the covariates
B1 = expected increase in the log odds of inacti@ggociated with an increase in television
exposure when all other covariates are fixed

vk = represents the coefficients of all potential catas or confounders
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Assessment of Confounding

The bivariate analyses helped guide assessmecvfidounding with am priori list of
important covariates. In order for a variable éodbconfounder it must be associated with
both the exposure of interest (television) andaieome of interest (diet or physical
activity). This variable may not be causal intednag and lie on the pathway between

exposure and outcome.

A covariate was considered a potential confouniddyere was 1) evidence from the
literature, 2) relationship in the conceptual model3) indicated by the bivariate analysis.
To test for the impact of the potential confounbletween exposure and outcome, each
model was analyzed with and without the potentaifcunder. When comparing the beta
coefficients of the main exposure between the camteadjusted models, meaningful

differences of 10% or more indicated that the aolid#l covariate was a confounder.

Additional Models

Because retirement was previously associated w#inge in leisure time activities,
additional modeling explored these relationshipdewtontrolling for retirement status. The
participants were stratified by retirement statug.( fully-retired, partially-retired, retired

during follow-up).

C. Aim 2 Analyses from the WHI Study

The second aim consists of two distinct parts. filsepart assessed the test-rest

reliability of the WHI physical activity questionima. For this aim we used the
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Observational Study’s Measurement and PrecisiodyStorhe second part of this aim
examined the independent effect of intensity, fesmuy, and duration of walking on CHD
morbidity and mortality. The entire WHI observatiocohort sample was included as in the

second part of this analysis.

The WHI is a multicenter study involving over 16000postmenopausal women aged
50-79 years at baseline and living throughout thedd States. The WHI is largely
comprised of three different studies: 1) clinic&lt 2) observational cohort, and 3)
community prevention study. For the purposes ifdissertation, only data from the

Measurement and Precision Study and the obserahttohort were examined.

The WHI observational cohort was designed to examajor causes of illness and
death in postmenopausal women and to be ethnigatlyracially diverse. Between 1994 and
1998, over 93,000 women were enrolled at one afléhic centers across the United States.
Women were recruited largely through mass mailingae priority of recruitment was to
enroll a large number of minority women. To aclei¢ivis goal, ten centers were chosen as

minority recruitment sites with an average of 40%anty enrollment (Hays et al. 2003).

Observational study participants were primarily veonwho were ineligible or unwilling
to enter the clinical trial, although some wereruéed directly into the study. Eligibility for
enrollment into the OS included the intention teide in the area for at least three years and
free from any major medical condition which woutdpact survival within three years of
study entry, as well as no reported mental ilindesjpentia, alcoholism, or drug dependency.
Consent was obtained through materials approveddbyutional review boards at each

center.
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At the first screening or clinic visit, demographmedical history, and risk exposure
data from the participants were collected by stedidad questionnaires. During the clinic
visit, physical and clinical measurements (anthroetics, blood pressure, etc) were
recorded by certified staff members. Prospectiyosure data and medical histories were

obtained annually through mailed questionnaires.

Measurement and Precision Study Participants

A sample of women enrolled in the observationaligtwere recruited to participate in a
substudy to assess the reliability of the self-amsteéred questionnaires. Between October
1996 and June 1997, a predefined number of thecipants were randomly selected and
invited to join the reliability study. Women westatified by center, age, and ethnicity.
Recruitment continued until 1,000 women had coneplé¢he study. Each clinic was
randomly assigned to repeat a group of four obtinginal eight questionnaires. This meant
that approximately 500 women repeated each questia) including the physical activity
guestionnaire. The women repeated the questianoaiaverage three months apart (range

8-15 weeks).

1. Measurement of Physical Activity

In 1996, a special meeting was held under a cordlWaional Institutes of Health
(NIH)/CDC WHI funding initiative to discuss issuesated to measuring physical activity in
women. One conclusion from the meeting was thakatiphysical activity questionnaires
were not specific to the activities performed bymwem, especially midlife, older, or minority
women (Masse et al. 1998). One reason was beoaarsg of the physical activity

guestionnaires used in epidemiologic studies waregrily developed for white men. These
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guestionnaires often emphasize male-oriented #esvand use words like “leisure”, “free”,
or “spare” time, which are difficult to operatiormd for many women (Henderson et al.
2003; Masse et al. 1998; Tudor-Locke et al. 2008pmen are often engaged in a large
number of diverse activities and perform them stamdously or intermittently which makes
measurement challenging (Tudor-Locke et al. 200tis therefore very important to
identify instruments that are sensitive to theskijée and patterns of activity in women, but

are also culturally relevant and user-friendly (Bmst al. 1998; Sternfeld et al. 1999).

The WHI investigators adapted a well-known physamlvity questionnaire into one
that was designed to better capture the activitgllef the WHI population; postmenopausal
women, aged 50-79 years (Siscovick, personal conuation, 2006). To date, at least nine
WHI studies have published findings using this ptalsactivity questionnaire (Chlebowski
et al. 2004; Evenson et al. 2002b; Hsia et al. 26i34a et al. 2005; Manson et al. 2002;
McTiernan et al. 2003; Shikany et al. 2003; Vogale2002; Wassertheil-Smoller et al.
2004). The questionnaire was self-administerezhadliment (1994-98) and ascertains
information on usual activity. Full details of thaestionnaire and its coding are included in

Appendix D

The physical activity information was organizedintgorous, moderate, mild, walking,
household, and yard activity. Self-report of reti@nal activity was stratified by intensity,
and included questions on frequency and duratibousehold activity included hours per
week of heavy indoor household chores, as wethasnitmber of months and hours per week
of yardwork. Since walking is such an importartiaiy for this age group, participants also

reported frequency, usual pace, and usual durafi@ralking outside the home.
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Most activity measures from the WHI questionnama be quantified continuously as
energy expenditure using the different summaryaldeis (by type of activity: vigorous,
moderate, mild and walking) or as total recreati@mergy expenditure (Manson et al. 2002).
These variables have been quantified in MET-hoarsyeek to estimate energy expenditure.
The estimated MET level for each activity is basadhe intensity from the physical activity

compendium (Ainsworth et al. 2000).

Vigorous Physical Activity

To assess vigorous, or strenuous, physical actpatticipants were asked (excluding
walking) to think about how often each week paptated in “strenuous or very hard exercise
(you work up a sweat an your heart beats fasbt}j gkample, aerobics, aerobic dancing,
jogging, tennis, swimming laps”. Reponses weréectgd using two questions on the
components of frequency and duration. The fesponse quantifying frequency had five
possible categories ranging from none to five oravdays per week. Duration was
collected by asking “[h]Jow long do you usually exise like this at one time” and has four

possible categories (<20 minutes to 1 hour or more)

Vigorous activity exposure can be used as tota fper week spent engaging in
vigorous physical activity (minutes) or with a suamyvariable estimating energy
expenditure from vigorous activities (MET-hours parek). To create the summary variable
for vigorous activity the three physical activityraponents (intensity, duration, frequency)
were multiplied together to estimate total enengyemnditure. The components of frequency
and duration are assigned from the previously desdmuestions and intensity was assumed

to be a constant value of 7.0 METSs.
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Summary estimate vigorous physical activity = efftrency of activity per week * minutes

per session * 7.0 kcal/kg*hour] / (60 min/hour)

Moderate Physical Activity

To assess moderate physical activity participamievasked (excluding walking) to
think about how often each week participated in derate exercise (not exhausting), [flor
example, biking outdoors, using an exercise magluigethenics, easy swimming, popular
or folk dancing”. Similar to vigorous physical aty, the moderate activity exposure was
guantified from two questions on frequency, andatlan with the same responses available

for each component.

Moderate activity can also be used as total timeygek spent engaging in moderate
physical activity (minutes) or as a summary vaeadstimating energy expenditure (MET-
hours per week). The summary variable for modeaetiwity was calculated by applying the
same method used for vigorous activity. The coreptsof frequency and duration were
directly applied from the two questionnaire itemsl antensity is assumed to be a constant

value of 5.0 METs.

Summary estimate moderate physical activity = [Eesgy of activity per week * minutes

per session * 5.0 METs] / (60 min/hour)
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Mild Physical Activity

To assess mild physical activity participants wesked (excluding walking) to think
about how often each week they participated in dreiercise [flor example, slow dancing,
bowling, golf’. Like moderate and vigorous phydiaativity, mild activity is quantified
from two questions on frequency, and duration \thiésame responses available under each

component.

The summary variable for mild activity is calculdtey applying the same method as
before. The components of frequency and duratierewlirectly estimated from the two

guestions and intensity is assumed to be a constdues of 3.0 kcal/kg/hr.

Summary estimate mild physical activity = [Freqexeof activity per week * minutes per

session * 3.0 METs] / (60 min/hour)

Walking Physical Activity

The questionnaire included three questions abeupdnticipants walking activity. The
first question asked participants to “[t]hink abawalking you do outside of the home”, and
how often they walked “more than 10 minutes withstepping”. This question, quantifying
frequency, had five responses ranging from rarelyever, to seven or more times per week.
The last two walking questions asked about typicahtion (usual minutes walked), and

usual intensity, or speed walked. Four categdraaa <20 minutes to 1 hour or more were
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included for duration, and five for intensity frazasual strolling (<2 mph) to very fast (>4

mph).

Summary estimate walking = [(walks per week)*(masiper walk)* (MET for intensity)] /

(60 min/hr)

Household and Sedentary Activity

A number of daily activities that also contributetotal activity, such as household
chores and gardening, were assessed in two sepaegons. The first question asked the
participants to estimate “how many hours each vekekou usually spend doing heavy
(strenuous) indoor household chores such as semglifbiors, sweeping or vacuuming?”.

Five responses were offered from less than one hogreater than ten hours. This question
was used to estimate total hours per week of hemlgor chores, or by applying a constant
estimate of energy expenditure can be used to atitatal energy expenditure (MET-hours

per week) from heavy indoor chores.

The second question had two parts, and to answe Wwomen first had to estimate
“how may months during the year to do you usuatiytfungs in the yard, such as mowing,
raking, gardening or shoveling snow?” The secaamtl fo this question then asked the
women, “when you do these things in the yard, hamyrhours each week do you do
them?”. Responses to the first question had fategories from less than 1 month to more
than 10 months. Responses to the second quedsiminad five categories, from less than 1

hour to more than 10 hours each week. Similandoor chores these two questions were
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combined to estimate total hours per week of yastkvand when multiplied by a similar

constant can estimate total energy expenditure (M&iirs per week) from yard work.

Two separate questions collected information oratheunt of time “during a usual day
and night” that the women spent sitting (includeading, driving, watching television) and
lying down (including sleeping, watching televisjorBoth questions had eight responses

available from less than four hours to 16 hoursore.

The summary measures from the questionnaire canrbbined in several ways to
estimate whether or not a person meets the cushgrsical activity recommendations of 30
minutes or more of moderate physical activity orstriays of the week (Pate et al. 1995;
Surgeon General 1996b). One way is to dichotomp@écipants using the cut-point of 150
minutes per week of moderate to vigorous physictity. A second way is to use total
MET-hours week, where the recommendations corraspmbetween 7.5 and 15.0 MET-
hours per week. Lastly, an estimate of kilocakwberned per week can also be estimated,
where a cut-point of 1000 kilocalories per weekpproximately meeting the

recommendations.

Reliability and Validity

The WHI physical activity questionnaire has not lyeén fully explored with regard to

reliability or validity. Aime2a examined the tasttest reliability of the questionnaire.

2. CHD Morbidity and Mortality

The outcomes for the second part of this aim wemyndiagnosed, or incident CHD

events. These events were defined as definiteotwaple myocardial infarction (MI) and
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incident coronary revascularization procedureenténts used to help define the CHD
events included all available electrocardiogramsdiac enzyme and /or troponin levels,
medical history, and death certificate. Using ¢helements, an algorithm was created at the
WHI coordinating center to categorize M| eventgiéiser “definite “ or “probable”.
Revascularization procedures consisted of perctdasdransluminal coronary angioplasty
(PTCA), or coronary artery bypass graft (CABG), avete confirmed with medical record

abstraction.

Each outcome was identified from annual follow-wgstionnaires, or event reports
(participant or third party) and confirmed by aisav of medical records. Participants were
contacted annually and completed a standardizestiqueaire either self-completed, over
the phone, or in-person during an interview. Mabrecords (discharge and relevant

diagnostic/lab tests) were collected for each event

Excluded from the analysis were other definitioh€HD, such as angina pectoris.
Symptoms or events such as angina pectoris canldpective depending on the severity of
symptoms or the perception of individual and tregphysician. They are more prone to

misclassification than harder endpoints (whichdiagnostically verified).

Reliability and Validity of Outcomes Measurement

Adjudication of events occurred at two levels.sEithe local Clinical Center physician
reviewed the documents and assigned a diagnosib @ al. 2003). Second, events were
centrally reviewed at the Clinical Coordinating @er(Curb et al. 2003). All Clinical Center
staff responsible for outcomes were centrally gdion case documentation (Curb et al.
2003). Regional conference calls and a nationakstmp were conducted for re-training
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and problem solving. The adjudicators overseduegetvent documentation completed a
formal training and conferred together throughdet follow-up period. This training
reviewed the study protocol, policies, and procedurAgreement between self-report of
events and local adjudicator diagnosis was geryggalbd, for example myocardial infarction
had a 70% confirmation rate (Curb et al. 2003).oagreement between local and central

adjudication was also reported for all outcomesiuse

Covariates

A number of covariates were selected for the amaly@sed on known and suspected
relationships with the exposure and outcomes. cbineeptual model developed for aims 2b-
2d helped identify important confounders of inteé(gseFigure 4.2). Available covariates

and their methods of data collection are describdlde analysis plan.
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Figure 4.2. Aim 2 Conceptual Model
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3. Analysis Plan - Aim 2

For aim 2a we examined the test-retest reliabdftthe WHI physical activity
guestionnaire. Data from the Measurement and $toecStudy were analyzed for this aim.
Aims 2b-2d explored the independent risks of CHEbamted with walking intensity,
duration, and frequency. We attempted to resporsthdrtcomings identified from the
literature on this topic using appropriate statatmethods. Specifically, we examined each
component independently while adjusting for recoeati physical activity energy

expenditure, through energy adjustment.

Data Reduction

Women who were missing physical activity data,ndoimation on important
confounders, were excluded from the analysis. ithathlly, women who were eligible for
enrollment but reported poor general health or datbry difficulties at baseline were
excluded from the analysis. In post-hoc analyse®arly mortality exclusion” was also

applied, where we excluded women who died withenfttst year of follow-up.

Covariates

Body mass index was collected during the baseline wisit and categorized into
underweight, normal, overweight, and obese. Athdgraphic variables were self-reported
by the participants at baseline and obtained ustiaigdardized questionnaires. Participants
could self-identify a single race or ethnicity fr@mx possible categories: American Indian,
Asian/Pacific Islander, Black, Hispanic, White,ldnknown. Family income was also
reported and categorized into six levels from <8Q0,per year to >$75,000. Occupation
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was categorized into four broad types: manageragsional,
technical/sales/administration, service/labor aoichémaker. Smoking was defined as
current, former, or never smoker. Marital stataswelf-reported and categorized into
currently married or in a marriage-like relationshdivorced or separated, widowed, and
never married. Education was divided into four gatees including less than high school,
high school/GED, some college, and college degRegion of the country the participant
lived in was also used as a covariate and defisetbetheast, south, midwest, and west.
Lastly, a single question asked participants toregneir perceived health status by asking

“[lln general, would you say your health is excetlevery good, good, fair, or poor?”

i Aim 2a. Test-Retest Reliability of the WHI PhysichActivity Questionnaire

The first objective of the WHI analysis was to exaethe reliability of the individual
items and summary physical activity variables usihmggMeasurement and Precision Study.
The first assessment involved all continuous véemland summary estimates of energy
expenditure. To explore these continuous varialesused the intraclass correlation
coefficient (ICC) from an analysis of variance (AM®) model. Secondly, kappa statistics
or weighted kappa statistics were calculated feegmrical variables. These categorical
guestions were directly taken from the questiormair created by categorizing the summary

variables.

Many of the summary variables for physical activitgre quantified in continuous
MET-hours per week of energy expenditure. Theveged metabolic energy required for
each activity (or MET level) was derived from tiéeinsity of the reported activity and the

compendium of physical activities (Ainsworth et2000). The summary variables of
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physical activity have been used as important aomders or covariates in WHI analyses
(Chlebowski et al. 2004; Hsia et al. 2005). Edemifrom the questionnaire was analyzed
independently, including the individual componefms$ensity, duration, frequency) which
derive the summary variables. We also explorei@mihces in reliability by race/ethnicity,

age, time between test and retest, and level ddipalyactivity.

ii. Aim 2b-2d. Walking Intensity, Frequency, Duration, and Risk of CHD

Before embarking on the aims for the second paairaf2, descriptive and univariate
analyses were performed on the entire observatmotadrt. Information gathered during this
step helped to categorize various exposure le\Bilgriate associations were examined
between the exposures (components of walking)otiteome (CHD), and covariates of

interest.

In the second step of the analysis, the assocg@abetween walking and its components
were explored using Kaplan-Meier curves. Kaplandvleurves were produced for stratified
analyses and the unadjusted categorical estimMdea#ivariable models were then created
using Cox Proportional Hazards Regression to estiimazard ratios and control for
important covariates. The first of these multiségimodel examined the relationship
between total METs from walking and risk of CHD.eWhen applied similar Cox models to

estimate the separate associations of each indiMdaiking component and risk of CHD.

We explored two modeling strategies to adjust foygical activity energy expenditure.
In the first approach, we assessed each walkingpoaent (i.e., intensity, frequency,
duration) separately in a standard multivariableleho These models included a continuous

term for recreational physical activity energy exgi¢ure to control for volume of activity.
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Because of the correlations between our exposur@(@ponent) and the recreational energy
expenditure variable, we further explored an alitwe model using the “nutrient” residual
method common in nutritional epidemiology. Thisthoal is often applied when an effect of
a specific nutrient requires adjustment for totdbdc intake (Willet 1998). To do this, we
created a “residual” by regressing each activityjponent (intensity, frequency, duration) as
the dependent variable in separate models with pbtgsical activity energy expenditure as
the independent variable (Willet 1998). This pd®d a component estimate that was
“energy-adjusted” and uncorrelated with physicaivity energy expenditure. We then used

this “residualized” (or energy adjusted) comporesbur main exposure in the Cox model.

Proportional hazards assumptions were tested hyiexay the plots of the log - log
survival curves for each covariate. The data vadse fit with an exposure by time
interaction term and tested in the model. In tlag, we determined the proportional hazards
assumption was not violated and the interactiom t&as dropped from the models. Data
were right-censored and survival time was defiretirme from baseline questionnaire until
date of death or confirmed event or until the ehthe study period (September 12, 2005).
The appropriate statistical correction (Efron appr@tion) was used to account for tied

events.

Separate models were used for each component oserg In each model the
component was quantified as multiple categoricabées using indicator coding. The
lowest level of physical activity was used as thkerence category in each model. An
important aspect of the modeling strategy was tmarol of recreational physical activity

energy expenditure. In order to successfully teollae independent effect of each walking
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component, recreational physical activity energyesditure must be controlled for to

prevent confounding.

All other covariates were taken from baseline ast@égorized at meaningful cut-points
using information from the univariate analysis.| édvariates were considered time-
independent, and were modeled using indicator ormdy variables. Additionally, use of

indicator variables helps to relax the assumptian éffects are linear in the log hazard.

Each model followed the same general formula:
Log Hazard h(t) =k(t) + ek "k
Where the paramet@f indicates the coefficient for the walking exposarel the parameter

v indicates the coefficient for potential confourgleFor example:

Log Hazard (CHD) :(Kt) + e[31(walking)+ B2(recreational energy expenditureykvk

Aim 2b — Intensity

Aim 2b examined the “intensity” of walking, measditgy the speed or pace at which the
walk was performed. In order to establish the pahelent effect of the component, two
variables were included in the standard multivdeabodel. The first variable was the
estimate of walking intensity. This was collectesin the specific question “[w]hat is your
usual speed?” and had four possible responsesa|cstsniling to very fast). We explored
using the exposure as a continuous variable, dsawelsing indicator variables for each

level of intensity. The second variable in the eloslas the “control” variable that estimated
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total recreational physical activity energy expéma (MET-hours/week). Both variables

were simultaneously entered into the model.

Using the residual approach to energy adjustmegtare walking term was included in
the model. The “residualized” value of the walkingensity was the main exposure of
interest. Because this variable was already “gnadgusted”, a second term for physical

activity energy expenditure was not required.

Standard Multivariable Model

Log Hazard (CHD) — (Kt) + e[Sl(walking intensity)+ B2 (recreational physical activity energy expendijurykVk

Where:

ho(t) = the baseline hazard for CHD as a functiotiroé

1 = the log hazard for CHD associated with incregsualking intensity when controlled for
volume of recreational physical activity and altgrtial covariates

B2 =the log hazard for CHD associated with a on¢4acrease in recreational physical
activity energy expenditure after controlling foalking intensity and all potential

covariates.

Residual Model

Log Hazard (CHD) :(Kt) + e[Sl(residual of intensity#+ ykVk

Where:

ho(t) = the baseline hazard for CHD as a functiotiroé
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1 = the log hazard for CHD associated with increg$ine residual of walking intensity (or
increase in walking intensity that is unexplaingcebhergy expenditure), when controlled for

all potential covariates

Aim 2c- Frequency

Aim 2c examined the relative importance of frequeotwalking. The strategies for
this model were almost the same as Aim 2b, bueatsof intensity the first variable term
was frequency. This was estimated from the spegifestion “[h]jow often each week (7
days) do you usually do the exercises below? (b@Bedays or more)”. The second variable
term was recreational physical activity energy exiieire. Interpretation of the model and

beta parameters were the same as those in Aim 2b.

Aim 2d— Duration

Aim 2d examined the importance of the durationhefwalk. The strategies for this
model were the same as Aim 2b and 2c, but insteademsity, or frequency the first
variable term was the duration variable. This estimated from the specific question
“[h]Jow long do you usually exercise like this ateotime” and had four possible responses
(<20 minutes to 1 hour or more). The second b&iterm in the model was recreational
physical activity energy expenditure. Interpretatof the model and beta parameters was

the same as those in the intensity example.
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D. Strengths and Limitations

1. ARIC Limitations and Strengths

Limitations

One shortcoming in the ARIC proposal is the imparfeeasure of television watching.
At this time there is no objective way to measetewision viewing in adults. Instead, we
used a single, categorical question of televisiatching to estimate our main exposure.
Because the exposure was self-reported and naolatedl, we are unsure if participants have
adequately quantified their television watchindghisTmay lead to exposure misclassification

which could affect the results of the study.

There are several factors limiting the outcomesrerad in this proposal. First, the
validity and reliability of the Baecke physical iadly questionnaire has never been examined
within the ARIC cohort. Even when one attemptguantify error in a physical activity
guestionnaire, there is no agreement on the gaftlard for a validation study. However,
guestionnaires like the Baecke are capable of ibsgra number of domains of activity,
including light activities. The Baecke physicatiaity questionnaire has also shown

consistent performance over the last two decadssviaeral populations (Appendix A).

Second, dietary food frequency data is also sulbgetisclassification (Byers 2001).
This limitation is unavoidable until better tootsr imeasuring diet are developed. Dietary
outcome tools must be accurate in the field, yehoaoverly burden the participant. Food
frequency questionnaires are one of the best im&nis for gathering information on dietary

behaviors in large cohort studies (Subar et al1BRPOA popular questionnaire for this
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purpose is the Willett FFQ used in ARIC. Researchave used it in a number of
populations and quantified its measurement progertiultiple times (Eck et al. 1996; Subar
et al. 2001b). We attempted to minimize the amofimisclassification by applying the

appropriate analysis (ranking, quartiles) (Michatlsl. 2005).

Misclassification may also occur through other g/péinformation bias, namely, recall
and reporting bias. Recall bias occurs when @petnts inaccurately recall or remember
their activity. Some types of activity are moré&idult to remember, especially activities of
light or moderate intensity, and activities that anplanned or performed simultaneously.
Reporting bias may occur if a person has certaiogmtions, beliefs, or judgments about

activity and, as a result, these feelings can anfae their responses.

Lastly, the ARIC population is by no means représtere of the adult population
residing in the United States. Most large cohantduding ARIC lose participants during
follow-up. The participants who remain in the stybpulation may not be representative of
the entire study. Therefore any associations meistarefully applied outside of the existing

sample.

Strengths

Television watching is the most prevalent and papldisure activity for Americans, yet
the associations of television watching with otbehavioral risk factors are unknown. There
have been a limited number of publications exangnatevision behavior in adults. The
ARIC portion of this proposal is the first analysistelevision watching behavior and its

associations with diet and physical activity iragegke population-based cohort. Results from
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this study can help generate further hypothesesvdhdopefully call attention to the

importance of sedentary activity as an independskftactor.

Although our television measure may be imperfeat,ail physical activity
guestionnaires have the ability to single out tisien or sedentary behaviors. The ARIC
Study represents a unique opportunity to do thisgua well-quantified physical activity
tool. We also found ancillary data which helpediglexposure categorization. The sample
size available for this analysis was quite large &we had adequate power to detect potential

associations.

2. WHI Limitations and Strengths

Limitations

Physical activity assessment in epidemiologic nesepresents several challenges. It is
difficult to implement objective monitoring of phigal activity in large cohort studies. Self-
report questionnaires remain a cost-effective wagseessing usual activity in studies such
as the WHI. However, these questionnaires oftenlt in imperfect assessment of physical

activity and are associated with recall and repgrbiases.

Although the authors of the WHI questionnaire tatbit for this particular population,
the measurement error in the tool has not yet geantified. Aim 2a measured one
potential source of error by examining test-retebability of the questionnaire. However,
no measure of validity is available which can ass$ks accuracy of the questionnaire
compared to a gold standard. This remains a liroiaf the data and is addressed in the

discussions of the resulting papers.
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Another shortcoming of the WHI physical activityeptionnaire tool is that it
underestimates the activity of women who exeraised per day at the same intensity.
Women were asked how many “days per week” theyoeset at a certain intensity, and how
long each session lasted. When asked in this tivayquestionnaire allows for only one
session per day, at each intensity. As a residtwiomen who exercise more than once a day
(other than walking) have their total activity unelitimated. While this limitation is
unavoidable, we do not feel that the results weymifscantly affected for two reasons. First,
walking is the most popular activity in this poptida and was assessed such that it is
unlikely to be underestimated (number of walks\peek). Secondly, the proportion of
women who exercised more than once a day, at aitherous, or moderate intensity was
very small. Even though the total volume of reticeeal physical activity may be
underestimated, it is unlikely that women are naissified regarding their activity levels.
Any woman reporting consistent daily activity wdentified as highly active regardless of

this underestimation.

This study attempted to push forward methods fotrob of energy expenditure while
examining the relative contributions of walkingensity, frequency, and duration. However,
controlling for energy expenditure in physical aityi research has rarely been attempted.
Several limitations must be considered. First, estymate of energy expenditure available
in this data is not a true estimate of “total vo&im Several domains of physical activity are
not captured by this questionnaire (e.g., occupatjahild/elder care, transportation, etc).
Second, individual variation in energy expendittme be significant and is not estimated in
the data. Lastly, the components of walking amg@ntrol variable of energy expenditure

are not mutually exclusive.
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Regarding the outcome used for this study, we mgechpotential errors or limitations
by using clear, objective endpoints. Many studieghysical activity and CHD use a broad
definition of events. By restricting our eventidéfon to definite or probable myocardial
infarction (M) and revascularization, we eliminag@me of the potential misclassification.
The adjudication procedures from the WHI coordmgtenter also helps to avoid outcome
misclassification. Several sources of records wseal to verify each event and adjudication
occurred at multiple levels. We anticipate that tlumber of misclassified events were
minimal and non-differential with regards to exp@suTherefore, it is unlikely this

limitation significantly affects the results of teaudy.

Another limitation of assessing the effect of ahygical activity, such as walking, on
events is known as “reverse causation”. This rases when participants experience
undetected or underlying iliness and/or disabsitshich lowers their physical activity level
and negatively influences morbidity or mortalityve attempted to address this issue in a
three ways. First, we excluded participants whimreed that they were in “poor” general
health, and controlled for other important heatthfounders (e.g., general health, smoking).
Second, we excluded women who reported difficulykmg one block. Lastly, we explored
additional analyses controlling for physical andhtaéfunctioning. We cannot however

control for the inability or improper control of efmunders.

The WHI was designed to study the lifestyles oftpoenopausal women residing in the
US. However, many of the women who took part mabservational cohort were either
ineligible or unwilling to participate in the clical trial (Langer et al. 2003). As such, they

are not representative of the target population.
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Strengths

The WHI study is quite possibly the most influehti@hort of the past decade. Two
very positive aspects of the study design arazesand diversity, both of which are
strengths. Another strength is the quality andhtjiaof CHD events available for analysis.
Although regrettable, the numbers of CHD eventgaite large and lend adequate power to
the analyses. The large minority population inelith the study is another beneficial

characteristic of this study.

The physical activity questionnaire was tailoredtfee purposes of this cohort.
Although this was not a specific goal, it was dasijin an optimal way to assess the
intensity, frequency, and duration of walking. Jkuas is the first study to examine all three
components of walking and disease risk in the sashert of individuals. The analyses and
methods from this dissertation respond directliratations outlined at the 2000 Ontario,
Canada symposium (Blair et al. 2001; Erlichman.e2@02; Hardman 2001; Kesaniemi et

al. 2001; Kohl 2001; Lee & Skerrett 2001b; Oja 2001

E. IRB/Human Subjects

Approval for this project was obtained through kh&titutional Review Board of the
University of North Carolina School of Public HéaltNo additional contact was made with
study participants. All analyses were secondatg daalysis. The ARIC and WHI study

coordinators at each clinic site obtained apprésatiata collection.
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V. Television Watching, Physical Activity, and Diet: The Atherosclerosis Risk in

Communities (ARIC) Study

A. ABSTRACT

PurposeTelevision watching is the most common leisurévdgtin the US. Few studies of
adults have described the relationship betweemrissb® watching and health behaviors,
such as physical activity and didflethods Extant data from the Atherosclerosis Risk in
Communities Study were used to assess the assocadtielevision watching with physical
activity and diet among 12,678 adults at baselll#86-89) and six years later. Dietary
intake and physical activity were collected usiafjdated questionnaires. Adults were
categorized into high television watching expodoféen or very often, n=4712), medium
exposure (sometimes n=5932), or low exposure (n@veeldom, n=2095). Multivariable
linear and logistic regression models were usegk#onine the associations between
television watching, physical activity, and diétlodels were adjusted for gender, age, race-
center, smoking, education, health status, and buals index ResultsRelative to
participants who watched television never or seldihimse with high television exposure
were more likely to be inactive and consume fewgitd and vegetables. High television
exposure was also associated with higher fat aatggnntake and greater servings of salty
snacks, sweets, and sweetened drirk@nclusionsThese results support the hypothesis that
time spent watching television is associated wélegtrious effects on physical activity and

dietary behaviors.



B. INTRODUCTION

Over the last half century, television watching hasome the most popular leisure
activity in the United States (Robinson et al. 28(Bobinson et al. 2005b). American adults
watch an average of four to five hours of televistach day (Television At A Glance 2005).
The increase in the hours of television watcheithénUnited States has paralleled the
increase in obesity over the last two decades (Hill 003; Nielsen Media Research 2006).
Despite the prevalence of this sedentary behatrierg has been little research on the

relationship between television watching, physawdlvity, and dietary behaviors in adults.

A handful of cross-sectional studies have repdded unadjusted correlations (-0.03 to
-0.11) between television watching and physicalvagt(Dunstan et al. 2004a; FitzGerald et
al. 1997; Hu et al. 2001; Hu et al. 2003). A mareent study using pedometers to measure
physical activity found a negative association lestwdaily television watching and number
of steps per day (Bennett et al. 2006). Although $tudies have studied television and
physical activity, the relationship between telenswatching and diet has been more
frequently examined. In both the Nurses HealthMed's Health Professional cohort
studies, higher television exposure was cross<sgty associated with smoking, drinking
alcohol, diets higher in saturated fats, greateriisgs of red and processed meat, french
fries, refined grain, snacks, sweets or desseartsfeawver servings of fish, fruit, vegetables,
and whole grains (Hu et al. 2001; Hu et al. 2008)either of these cohort studies examined

the relationships prospectively.

We know of only two prospective studies of aduftsttexamined the association of

television exposure with diet and physical activi#y small study conducted over one year
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found no significant associations between telewisind exercise in both men and women,
but observed a small increase in energy intake grtteawomen (Jeffery & French 1998).
Among the participants of the 1958 British Cohautdy, television exposure in adolescence
and young adulthood (ages, 11, 16 and 32) wasanotlated with subsequent physical
activity (ages 33 — 42) and had low to moderateetations with diet (Parsons et al. 2006).
The British study did not control for important ¢oanding factors such as race, age,

education, weight, or health status.

Because of the dearth of information on the retediips between television exposure,
physical activity, and diet, we used a large cobbedults to explore these associations.
More specifically, we examined the associationtet#vision exposure with three domains of
physical activity: sport, leisure, and work. Wsoaexamined the associations of television
with dietary choices including total energy intakeount of dietary fat, saturated fat, and
number of servings of fruits and vegetables, swaalty snacks, and sweetened beverages.
These relationships were explored cross-sectioaalliyprospectively (over six years) in the
Atherosclerosis Risk in Communities (ARIC) cohdriadrican American and white men and

women aged 45 to 64 years at baseline.
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C. MATERIALS AND METHODS

Study population

The ARIC study was designed to study risk factorschrdiovascular disease,
morbidity, and mortality. Participants are fronufdJS communities: Washington County,
Maryland; northwest suburbs of Minneapolis, Minrtasdackson, Mississippi; and Forsyth
County, North Carolina. A probability sample of, @80 men and women ages 45-64 years
was recruited from these sites, from which 15,7@2ta completed the first clinic visit.
Between 1986 and 1989, participants underwent @libasclinic visit with a physical
examination and testing to provide information andoovascular risk factors. All
participants were also interviewed by trained pengbabout their medical history,
educational attainment, health status, usual dret,physical activity. Clinic visits were
repeated at approximately three-year intervalgthieu details on the ARIC cohort are
available elsewhere (Atherosclerosis Risk in Comitresinvestigators 1989; Jackson et al.

1996).

In order to examine the associations between &tavidiet, and physical activity, we
excluded participants who did not answer the tslewi question at baseline (n=32) or were
missing important covariates (n=83). Additionallyorder to control for the effect of race
and center, individuals other than white or Africamerican and all non-white participants
from Minneapolis and Washington were excluded (r831Excluded from the prospective
analysis were those individuals who died (n=722Jidmot return to the third clinic visit

(n=2,125), as well as those missing informatiordmtary and physical activity outcomes at
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the third clinic visit (n=49). Final sample siagsre 15,574 for the cross-sectional analysis

and 12,678 for the prospective analysis, the lagferred to as “the cohort”.

Television and physical activity measurement

The Baecke physical activity questionnaire wasgiexi to study habitual physical
activity and distinguish between different dimemsi@f physical activity using semi-
continuous indices of sport, leisure, and work @aeet al. 1982). The questionnaire was
interviewer administered at the baseline cliniat\({k986-1989) and at the third clinic visit
(1993-1995). The questionnaire included an itentet@vision watching as part of the
leisure-time physical activity index. This subjeetquestion of television exposure asked:
“During your leisure time do you watch televisiorédid allowed five responses: never,
seldom, sometimes, often, and very often. The arswere ranked on an ordinal scale from
1 (low) to 5 (high). From this ordinal scale, te#on watching was collapsed into three
exposure levels: low (never/seldom), medium (samest), and high (often/very often).
Because television watching is a component questitime leisure index, the remaining
three questions on leisure activity were analyagghgately. These items included
information on walking and biking. Two of theseegtions were ordinally scaled from the
five responses (never, seldom, sometimes, oftehyary often). The third question asked
about minutes spent walking or biking to and froorkvor shopping, and respondents could
answer < 5 minutes/week, 5-<15 minutes/week, 15mButes/week, 30-<45

minutes/week, or45 minutes/week.

Sport and work physical activity were assessed sgthi-continuous indices created

from individual component questions. The sporeid/as derived from three close-ended
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guestions (exercise/sport participation, sweatngng leisure activities, and a subjective
comparison of activity level based on peers), gneheended questions that allowed
participants to report up to four physical actesti(including frequency, duration, and
intensity of each activity). The work physicaliaity index comprised seven ordinally
scaled questions on the frequency of sitting, stapdvalking, lifting, sweating, fatigue after
work, and comparison of work activity to peers.idaf eighth work activity item ranked the
participant’s main occupation, based on industiyaliene codes. Participants were also
dichotomized into two groups as active or inac{izeenson et al. 1999; Pereira et al. 1999).
Using the reported activities from the sport ind&stjve was defined as regular physical
activity or participation in at least one hour payek of activity for 10 or more months of the
year. Inactive was identified by less than onerlpmr week and/or less than 10 months per

year.

The reliability and validity of the Baecke questiaire have been examined in both
European and American populations. Test-reteisthiéty correlations of total physical
activity combined from the three indices range ft@®5 to 0.93 (Jacobs et al. 1993; Pols et
al. 1995). Reliability correlations for the indivial indices are as follows: the leisure index
correlations (which include television) between.60and 0.80, sport index correlations
between r=0.79 and 0.93, and work index correlatletween r=0.74 and 0.95 (Baecke et
al. 1982; Jacobs et al. 1993; Philippaerts etG012 Relative validity of the Baecke has
been assessed comparing it to physical activityeiamaximum oxygen consumption,
accelerometers, and doubly-labeled water (Caulay. 987; Gretbeck & Montoye 1990;
Jacobs et al. 1993; Mahoney & Freedson 1990; Meflexl. 1994; Philippaerts et al. 2001;

Pols et al. 1995; Rauh et al. 1992; Richardsoh 4985). In a doubly-labeled water study
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of three physical activity questionnaires, the Baedgad the highest agreement for total

physical activity (Pearson’s r=0.69) (Philippaetsl. 1999).

Diet measurement

Usual dietary intake was collected at baselineartte third clinic visit, using a semi-
guantitative, interviewer-administered food fregeyequestionnaire. The ARIC food
frequency questionnaire (FFQ) contains 66-itemsvaaslbased on the original Willett 61-
item FFQ (Willett et al. 1985). The ARIC FFQ igganized into seven sections; 1) dairy, 2)
fruit, 3) vegetables, 4) meats and fish, 5) swaatsbaked goods, 6) miscellaneous,
carbohydrates, fried foods, and 7) beverages.rietgers asked participants; “In the last
year how often, on average, did you consume " Niffe responses were available for
each food item ranging from “almost never” to “mdnan 6 times per day”. Each response
was assigned a weight to estimate servings peaddylaily intake of nutrients (Shimakawa
et al. 1994). Using the standard serving sizes fitee FFQ, daily servings of each food item
were calculated and summed to create food groDjpetary outcomes were categorized into
the following food groups: fruit, vegetables, fraitd vegetables combined, salty snacks,
sweets, and sweetened drinks (Houston et al. 200&pl caloric intake, total fat, percent
saturated fat, and estimated nutrient values wamilated at the Channing Laboratory,

Harvard Medical School.

The original Willett FFQ has been validated in antyer of populations and is a well-
recognized dietary tool with validity correlatiobstween 0.35 and 0. 74 (Eck et al. 1996;
Subar et al. 2001b; Willett et al. 1985). Thealeliity of the ARIC FFQ has been estimated

among both white and African Americans participanthe ARIC study (Stevens et al.
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1996). Median reliability coefficients were 0.48020.63 for white women and men,

respectively and 0.45 and 0.50 in black women aad, mespectively.
Measurement of other study variables

At baseline, participants reported cigarette smgKourrent, former, never) and years of
education (<high school, high school, some collegéjgher). A subjective general health
guestion was included at each visit whereby th&gyeants ranked their health as excellent,
good, fair, or poor. Anthropometric measuremergsanalso obtained at the clinic and
included weight and height, which were used toudate body mass index (BMI) (weight in
kilograms divided by height in meters squared)urReeight status groups were formed
using BMI: underweight (<18.5 kg normal weight (18.5-<25 kgf)) overweight (25-

<30 kg/nf), and obese>B0 kg/nf) (WHO 1995).
Statistical Analysis

The associations of baseline television watchinty waseline and six-year physical
activity and diet activity were modeled using muadtiable linear regression. Using these
models, we estimated the adjusted mean of eacindepevariable at the three levels of
television exposure (low, medium, high). Using l@levision exposure as a referent,
logistic regression was used to estimate the otideing below the median for positive
outcomeqe.g., physical activity) and above the mediamfegative outcomes (e.g., total
energy intake) with increasing television expostategory. All statistical models included
the following covariates: age, race-center, geri@t, education, smoking, and general
health status, coded as indicator variables. aéggr we estimated the effect of adding total
caloric intake as a covariate to models examinimgszal activity as the dependent variable,
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and adding the sport index as a covariate to mad&mining dietary dependent variables.
This further adjustment had no meaningful effecttmresults and these variables were

dropped from the final models.

To assess the temporal association of televisidohiray with physical activity and diet
over the six years of follow-up, we included théamme at baseline in all prospective
models for a further “baseline-adjusted” prospectivodel. The latter adjusts for the cross-
sectional associations at baseline between tetevad our outcomes of interest. All
statistical measures of effect and 95% confidentsrvals were computed using SAS V9.1

(Cary, NC).

D. RESULTS

At baseline, participants were predominately wkirté%) and most (76%) reported
completing a high school educatioraple 4.1). While the majority of the sample (67%)
was overweight or obese, approximately 80% repaytentl or excellent health. Less than
one-third of the participants were current smoké®re than one-third of the sample
reported watching television “often” or “very oftefirable 4.2. The majority of the study
population (>60%) was inactive at both time pointsthe prospective cohort (n=12,678),
the median number of servings of fruits and vedetabver the six years increased from 3.8
to 4.1 servings per day, while the servings ofysstiacks, sweets and sweetened beverages
remained relatively constant (data not shown).alfemergy intake and total fat both

declined for the cohort, and sport activity inceghslightly.

79



Data were available for 15,574 participants at lims@nd 12,678 six years later.
Participants who did not return for the third atimisit (n=2,125), or died (n=722) during
follow-up, were more likely to watch television teh” or “very often” at baseline than
individuals who remained in the study (42% vs. 3&%pectively). They were also
significantly (p<0.001) more likely to have a lowsport index (2.31 vs. 2.46), work index
(2.10 vs. 2.20), and consume fewer fruits (1.9@W33 servings), and salty snacks (0.35 vs.

0.41).
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Table 4.1. Selected baseline covariates from théRAC cohort, n=15,574

Frequency %
Age in years:
45-49 3558 22.9
50-59 7851 50.4
>=60 4165 26.7
BMI:
Underweight 142 0.9
Normal _ 5014 32.2
Overweight 6122 39.3
Obese 4296 27.6
Race:
White 11423 73.4
African American 4151 26.7
Gender:
Male 6977 44.8
Female 8597 55.2
Center:
Jackson, MS 3671 23.6
Washington County, MD 3954 25.4
NW suburbs of Minneapolis, MN 3959 25.4
Forsyth County, NC 3990 25.6
General Health Status:
Excellent 5170 33.2
qud 7285 46.8
Fair 2588 16.6
Poor 531 34
Education:
Less than high school (HS) 3693 23.7
At least HS education, but less than college 6354 40.8
College education or higher 5527 35.5
Smoking Status:
Current 4072 26.2
Former 5023 32.3
Never 6479 41.6
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Table 4.2. Description of television watching, phsical activity, and dietary outcomes at baseline ahsix years later

Baseline Follow- up
n=15,574 n=12,678
Median Range Missing Median Range Missing

Sport activity index 2.3 1.0-5.0 2.5 1.00 5. 51
Work activity index among workers* 2.6 1.0-49 8492 2.6 1.0-5.0 5860*
Total caloric intake (kcal) 1530 500 - 4192 944 504 - 4181 398
Total fat (grams) 55.4 5.4-235.1 50.9 @228 398
Percent kcal from total fat (%) 33.1 59-62.6 31.3 6.4-61.8 398
Percent kcal from saturated fat (%) 12.0 1.3-29.0 337 11.3 1.6-27.7 398
Fruit & vegetables combined 37 0-53 42 a1 0-69 56
(servings per day)
Salty snacks (servings per day) 0.21 0-6.5 210. 0-85 49
Sweets (servings per day) 1.0 0-27.4 1.0 30 - 51
Sweetened drinks (servings per day) 0.1 0-11 0.1 0-12 a7

Frequency % Missing Frequency % Missing
Television:
Never 296 1.9 255 2.0
Seldom 2582 16.6 1825 14.4
Sometimes 7293 46.8 0 5912 46.6 0
Often 4133 26.5 3735 29.5
Very often 1270 8.2 951 7.5
Physical Activity:
Inactive 10681 68.7 37 8019 63.5 51
Active 4856 31.3 4608 36.5
Leisure walking:
never or seldom 4501 20,5 0 3032 252
Often or very often 7539 484 6221 27.0 1

3444 22.1 3424 ’

* Among those who worked outside of the home (@ulpart-time n=7912)



servings), and more sweetened drinks (0.65 vs. $eb4ngs), at baseline, than those who
remained in the analysis. They were more likelgrtmke (40% vs. 23%), report poor health

status (8% vs. 2%), and have less than a high seldogation (39% vs. 20%).

Cross-sectional association with television watchin

At baseline, watching television “often” or “verjten” (high exposure) and
“sometimes” (medium exposure) was associated w4tb% and 20% greater odds of being
inactive (respectively) compared to watching teden “never” or “seldom” (Table 4.3).
High television exposure was also associated wi@% greater odds of being below the
median of the sport index, but was not associaidutive work index. When comparing
medium to low exposure, an almost two-fold greatkts was seen in walking during leisure
time. High television exposure was also associaididless walking and biking during
leisure and for transportation. Television expesxhibited a graded relationship between
unhealthy dietary choices and higher televisionosxpe (Table 4.3). High television
exposure was associated with an approximate 20% @eater odds of being above the
median for servings of salty snacks, sweets, arbmed drinks, total fat, and percent of

calories from fat and saturated fat, and belowntlegian for fruit and vegetable servings.

Considering the difference in the adjusted meahsden the exposures from the linear
models, we found that those with high televisiopasure participated in less sport activity
than people who were exposed to medium or low atsarefritelevision. There was no
apparent relationship between television exposndephysical activity from the work index

(Figure 4.1).
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Examining diet, we found that participants who m@d high television exposure ate more
servings per day of salty snacks (0.07, 95% CI,00(2B), sweets (0.16, 95% CI 0.10, 0.22),
sweetened drinks (0.11, 95% CI 0.07, 0.15), perceoalories from fat (0.78, 95% CI 1.09,
0.47), and percent of calories from saturatedd&q, 95% CI 0.47, 0.13) than people who
reported low television exposureigures 4.2-4.4. Those with high exposure also
consumed almost one-half serving fewer fruits aggletables per day (-0.41, 95% CI -0.52, -

0.30) Figure 4.2).
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Table 4.3. Odds ratios and 95% confidence intervalfor the association of physical activity and dietvith television exposure
at baseline 15,574

Medium television exposure High television exposure

OR 95% ClI OR 95% ClI
Inactive 1.20 1.09, 1.31 1.40 1.26, 1.55
Sport index 1.15 1.05, 1.27 1.50 1.36, 1.66
Work indeX 1.03 0.93,1.15 1.05 0.94,1.18
Leisure walking’ 1.96 1.78,2.17 1.60 1.44,1.78
Leisure biking 1.38 1.12,1.71 1.29 1.02, 1.62
Leisure minutes of walking and biking for transjatidr® 1.04 0.93, 1.17 1.37 1.21,1.56
Leisure sweating 1.43 1.27,1.61 1.22 1.08, 1.38
Fruit & vegetable servings 1.18 1.08, 1.29 1.36 1.24,1.50
Salty snack servings 1.19 1.09, 1.30 1.37 1.24,1.51
Sweet servinés 1.12 1.03,1.22 1.26 1.15,1.38
Sweetened drink servings 1.17 1.07,1.28 1.29 1.17,1.42
Total calorie$ 0.93 0.85,1.01 1.05 0.95,1.15
Total faf 1.02 0.93,1.11 1.16 1.05, 1.27
Percent kcal from fat 1.14 1.04,1.25 1.22 1.11,1.34
Percent kcal from saturated fat 1.10 1.01,1.20 1.17 1.06, 1.28

Models adjusted for age, BMI, gender, educatioajthestatus, smoking, and race - center
T At or below median

¥ At or above median

8 Never, seldom, sometimes vs. often, very often
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Mean Difference

Figure 4.1. Adjustedmean differences and 95% confidence intervals in pfsical activity by televisionexposure at baseline
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Prospective association with television watching

Compared with low exposure, high and medium expogutelevision remained a
predictor of physical activity and dietary outconoegr the six years of follow-uf ébles
4.4-4.9. Although the six-year associations were attegdiaompared to the baseline
associations, a graded relationship with greatevigon exposure was still observed with
every outcome, except the work index. High televiexposure was associated with greater
odds of being inactive, below the median for therspindex and work index, as well as
being less likely to walk or bike for transportatior during leisure. The odds of poor diet
choices were also associated with higher televigiatching relative to low exposure. When
compared with low television exposure, people Witih exposure had an approximately
35% greater odds of being below the median of &nd vegetable consumption. This group
was also significantly more likely to be above thedian for consumption of salty snacks,
sweets, sweetened drinks, total calories, totabfad percent of calories from fat or saturated

fat.
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Mean Differences in Servings per Day

Figure 4.2. Adjustedmean differences and 95% confidence intervals in @it and vegetable, salty snack, sweets, and
sweetened drink servings per day by television expore at baseline (n=15,574)
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Mean Difference in Energy Intake per Day

Figure 4.3. Adjusted mean differences and 95% coitfence intervals in total calories by television gosure at baseline

(n=15,574)
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Mean Difference in Percent Calories

Figure 4.4. Adjusted mean differences and 95% coitfence intervals in percent of calories from fat ad saturated fat by
television exposure at baseline (n=15,574)
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Table 4.4. Adjusted odds ratios and 95% confidendatervals for association of physical activity anddiet with television
exposure over six years n=12,678

Medium television exposure High television exposer

OR 95% Cl OR 95% Cl
Inactive 1.10 1.00, 1.22 1.31 1.18,1.46
Sport index’ 1.16 1.05, 1.28 1.50 1.34,1.66
Work index* 1.21 1.07,1.37 1.20 1.05,1.38
Leisure walking’ 1.38 1.24,1.54 1.44 1.28, 1.62
Leisure biking’ 1.25 0.99, 1.57 1.47 1.12,1.92
Leisure minutes of walking and biking for 113 1.00, 1.28 1.8 1.11, 1.46
transportatiorf
Leisure sweatin§ 1.14 1.01, 1.29 1.24 1.09, 1.42
Fruit & vegetable servinds 1.21 1.10,1.33 1.34 1.21,1.49
Salty snack servings 1.11 1.00, 1.22 1.24 1.11,1.38
Sweet servings 1.06 0.96, 1.17 1.23 1.11,1.36
Sweetened drink servings 1.18 1.07,1.30 1.31 1.18,1.46
Total calories 0.96 0.87,1.05 1.08 0.97, 1.20
Total fat® 1.06 0.96, 1.17 1.20 1.08, 1.33
Percent kcal from fat 1.08 0.98, 1.20 1.20 1.08,1.34
Percent kcal from saturated fat 1.16 1.05,1.28 1.26 1.14,1.40

Models adjusted for age, BMI, gender, educatioajthestatus, smoking, and race — center
* At or below median

$ At or above median

# Never, seldom, sometimes vs. often, very often
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Table 4.5. Adjusted odds ratios and 95% confidendatervals for association of physical activity anddiet with television
exposure over six years n=12,678

Medium television exposure High television exposer
Baseline-adjusted OR 95% ClI OR 95% CI
Inactive 1.06 0.95,1.17 1.22 1.08, 1.36
Sport index’ 1.13 1.02,1.25 1.35 1.21,1.51
Work index* 1.27 1.10, 1.46 1.23 1.05,1.43
Leisure walking” 1.19 1.06, 1.33 1.30 1.15, 1.47
Leisure bikingﬁ 1.17 0.92,1.49 1.43 1.09, 1.88
hi'ﬁé’éirgt?é’%es of walking and biking for 1.13 1.00, 1.28 1.23 1.08, 1.41
Leisure sweatin§ 1.04 0.91,1.18 1.18 1.02, 1.36
Fruit & vegetable servingév 1.15 1.04,1.28 1.23 1.09, 1.37
Salty snack servings 1.06 0.95,1.17 1.13 1.01, 1.27
Sweet serving% 1.02 0.92,1.13 1.12 1.00, 1.25
Sweetened drink servings 1.12 1.01,1.25 1.21 1.08, 1.36
Total calories 0.99 0.89,1.10 1.06 0.94,1.19
Total fat® 1.08 0.97,1.21 1.15 1.02, 1.29
Percent kcal from fat 1.08 0.96,1.21 1.15 1.02,1.29
Percent kcal from saturated fat 1.07 0.96, 1.19 1.17 1.04,1.31

Baseline-adjusted models include the baseline \afloatcome variable, age, BMI, gender, educati@ajth status, smoking, and race — center
¥ At or below median

§ At or above median

# Never, seldom, sometimes vs. often, very often



We carried out post-hoc exploratory analyses torexa the effect of different cut-
points and model choices. Regardless the cutg¢omtmodel choice, consistent associations
were observed between television and our outconitestifferent exposure and outcome
categorizations (continuous, tertile, quartilefafnt dichotomization). Even when outliers

were removed, our conclusions were the same (adtshown).

E. DISCUSSION

With the exception of work physical activity, a deal relationship was observed
between television exposure, level of physicahdgtiand dietary behaviors. This
relationship was still apparent in prospective gsed, although attenuated after controlling
for the baseline association between televisionesmwoth outcome. Adjusting for baseline in
this manner helped us examine the temporal sequEtaeen exposure and outcome over
the six years. These adjusted models provide st best evidence to date that

television is associated with negative behavionai@es over time.

Our results also provide some evidence in supgddheo‘displacement hypothesis’,
which holds that sedentary activities, such aviglen watching, are substituted for more
active pursuits. Because many adults have ongyvahburs daily for discretionary activities
(Bouchard 1999; Robinson & Godbey 2005a; Robinsdaatibey 2005b), watching
television during free time may displace exercisplyysically activity leisure pursuits. We
observed an inverse association with televisiorosue with each type of physical activity
(i.e., sport, work, leisure walking, or leisureibig). If high exposure to television
encourages people to expend less energy in othectssof their daily lives, then the chances
of these individuals meeting the recommended gimeglfor physical activity are reduced.
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Although the magnitude of the associations we olesebetween television and diet
appear small, the impact on the population couldipeificant. Results from the cross-
sectional multivariable linear models indicated thaults with high television exposure
consumed approximately one-half serving of fruitd aegetables less per day than those
with low exposure and had higher energy intakefahthtake. If these differences occur
daily, with no additional dietary changes, they Wioproject to a yearly burden of thousands

of additional calories and hundreds of grams of fat

Previous literature has shown that television nnayact risk of chronic disease,
independent of physical activity (Fung et al. 2000;et al. 2001; Hu et al. 2003). The
Men’s Health Professionals and Nurses Health catadies have identified significant
associations between television watching and bikerarfor cardiovascular disease, such as
low density lipoprotein, high density lipoprotelaptin, as well as higher risk of becoming
overweight and developing type 2 diabetes (Chirgy.€1996; Coakley et al. 1998; Fung et
al. 2000; Hu et al. 2003). Sedentary behavioriaadtivity (such as television watching)
appear to have an effect on physiology and ever ggpression (Levine 2004; Levine et al.
2005; Levine et al. 2006). The results from thiglg also suggest television watching may

influence the chronic disease risk factors of died physical activity.

F. LIMITATIONS

This study is the first large cohort analysis tamine the associations of reported
television exposure with both physical activity ahétary intake patterns. However, it is
important to recognize that television exposureunstudy was assessed as a single, semi-
guantitative question that has not been validadthough better measurement tools have
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been developed and improvements have been madgsicpl activity epidemiology (Ward

et al. 2005), we are not aware of adequate tools&asuring sedentary behaviors such as
television watching. Our television question isoah subjective measure of exposure and not
an absolute measure of time. To minimize thistiton, we obtained ancillary data (M.
Hulens, personal communication, 2004 (Hulens €2G03)), which compared the Baecke
television question with a concurrent report of ¢batinuous number of hours of television
exposure in a Belgian population. Agreement betmoemtinuous hours of television and the

single item Baecke was high (chi square 92.3, B{LD

The reliability and validity of the Baecke physieativity questionnaire has not been
examined within the ARIC cohort, but it has demaoaisid acceptable validity and reliability
in other populations (Jacobs et al. 1993; Philipisaet al. 1999; Voorrips et al. 1991). Food
frequency questionnaires like the ARIC-FFQ collaérmation on a limited number of food
items and do not assess total energy intake; threxebur dietary outcomes contain
measurement error. Until better methods are dpeeloFFQs are a practical method for
gathering information on dietary behaviors in lacglort studies (Subar et al. 2001b).
Although validation of the ARIC FFQ is not availabthe Willet FFQ, on which the ARIC
guestionnaire is based, has been validated andimusdder well-recognized cohort studies
(Feskanich et al. 1993; Rimm et al. 1992; Willetale 1985). Repeatability of this tool has
been shown to be between 0.45 — 0.63 across (8sytsars) in our study population (Stevens

et al. 1996).

Another limitation of our study design is the ladgarticipants between visits. These
individuals (n=2,847) were less healthy, reporteghér television exposure, and had more

negative diet and physical activity patterns these who remained in the study. Because
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these individuals are in both the high exposurerante unhealthy outcome categories at
baseline, it is unlikely that the results woulddigerent had these participants remained in

the study.

This study is observational and relies on recabb@h exposure and outcomes. The
generalizability of this study to other populationay be limited. Lastly, although we
attempted to establish temporality, true causeedigtt cannot be ascertained from this study

design.

G. CONCLUSIONS

The results from this analysis suggest that telewviexposure is associated with
deleterious effects on physical activity and digtaghaviors in adult participants of the
ARIC cohort. Television exposure was associatedszsectionally and prospectively with
both physical activity and dietary outcomes. Adg@ association was observed between
higher television exposure and more unhealthyahetphysical activity behaviors (except
the work index). Adjusting for the baseline redaships attenuated, but did not eliminate,
the prospective associations. Our results sugpertypothesis that television may be a
substitute for time spent in more physically activesuits and may contribute to both
immediate and future dietary behaviors. It is im@ot for adults to recognize the amount of
time spent in front of the television being sedgntaay contribute to unhealthy physical

activity and dietary behaviors.
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VI.  Test-Retest Reliability of the Women’s Health Initative (WHI) Physical Activity

Questionnaire

A. ABSTRACT

Purpose Few physical activity questionnaires were degiigioeemeasure the lifestyles and
activities of women. We sought to examine thetetdst reliability of a physical activity
guestionnaire used in the WHI study. Differenceseliability were also explored by
important covariates including race/ethnicity, afjag between test and retest, and amount
of reported physical activityMethods Participants (n=1092) were post-menopausal women
aged 50-79 years, randomly selected from the lessiimple of participants in the WHI
Observational Study (n=93,676). The WHI physiadivéty questionnaire collects usual
frequency, duration, and pace of recreational wglkirequency and duration of other
recreational activities or exercises (mild, modewaid strenuous), household, and yard
activities. Summary variables were calculated jtiplying the frequency by duration and
the metabolic equivalent (MET) level for that adio obtain MET-hours per week.
Approximately half of the women (n=569) repeatedsjions on recreational physical
activity, the other half (n=523) repeated questimtated to household and yard activities
(mean 3 months apart). Test-retest reliability assessed with weighted kappa and
intraclass correlation coefficients (ICOResults Overall, questions on recreational walking,
moderate, and strenuous recreational physicaligchad higher test-retest reliability

(weighted kappa range 0.50-0.60) than questiomsitthrecreational physical activity



(weighted kappa range 0.35-0.50). The ICC for matgeto strenuous recreational physical
activity was 0.71 (95% CI 0.67, 0.75) and totakeational physical activity was 0.75 (95%
C10.71, 0.78). Substantial reliability was obsahfor the summary measures of yard
activities (ICC 0.71; 95% CI 0.66, 0.75) and housdlactivities (ICC 0.60, 95% CI 0.55,
0.66). No meaningful differences were observeddog/ethnicity, age, time between test
and retest, and amount of reported physical agti@tonclusionsThe WHI physical activity
guestionnaire demonstrated moderate to substaesiatetest reliability in a diverse sample
of post-menopausal women. An important next steymtderstanding the psychometric

properties of this physical activity questionnaiid be to assess validity.

B. INTRODUCTION

Understanding physical activity and its on impattealth is an important public health
challenge (Surgeon General 1996b). Nearly halhefAmerican population does not engage
in enough physical activity to prevent diseaseeandiit health (MMWR 2004). Compared
to men, women participate in less vigorous physactivity (e.g., exercise and sports
participation) (MMWR 2001; MMWR 2004) and engagemore sedentary behaviors
(Nielsen Media Research 2006; MMWR 2004; Televisddi\ Glance, 2005). Furthermore,
minority women report even less physical activitgrt white women (MMWR 2001,

MMWR 2004; Ransdell et al. 1998; Surgeon Gener@bbd. Additional research on
physical activity behaviors in women and minorigpplations would help guide public

health policy and interventions

Previous research demonstrates that women engaliféeirent types and patterns of
physical activity than men (Ainsworth 2000; Ainswoet al. 1999; Tudor-Locke & Myers
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2001). Women may have a different interpretatiooralerstanding of what physical activity
means to them (Ainsworth 2000; Henderson et all2B@nderson & Ainsworth 2003;
Masse et al. 1998; Sternfeld et al. 1999; Tudorkieo& Myers 2001). Because many
physical activity questionnaires used in epidengaoesearch were designed for white male
populations, they may not accurately measure palativity in women (Ainsworth 2000;
Masse et al. 1998; Tudor-Locke et al. 2003). Thekes accurate and reliable measurement
of physical activity in women and minority poputais especially challenging. While the
validity and reliability of physical activity queshnaires may be affected by both
race/ethnicity and gender, it can also be impalbtedther attributes such as age, length of
time between test and retest, or level of physacality. These attributes may affect the
ability of individuals to remember, comprehend, andwer questions or their ability to

follow directions.

One study that has attempted to address physitaitaemeasurement in women is
the Women’s Health Initiative Observational Studjne WHI Observational Study is a
large, multi-center cohort designed to examinethesthtus, risk exposures, and disease
events in racially and ethnically diverse postmensal women from across the United
States (Langer et al. 2003). The objective of plaiger is to examine the test-retest reliability
of the WHI physical activity questionnaire in a dam sample of the WHI cohort overall and

by race/ethnicity, age, time between test and tied@sl level of recreational physical activity.

C. METHODS

Between 1994 and 1998, over 93,676 women betweam®d9 years of age were
enrolled at one of 40 clinic centers across thaddnStates into the WHI Observational
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Study (Langer et al. 2003). Eligibility for ennalént included the intention to reside in the
area for at least three years, free from any nmagutical condition which would impact
survival within three years of study entry, andreported mental iliness, dementia,
alcoholism, or drug dependency. Full details angtudy cohort and design are available

elsewhere (Langer et al. 2003).

Between October 1996 and June 1997, a sub-samfile efomen enrolled in the WHI
Observational Study was selected to participateenMeasurement and Precision Study.
Participants (n=1,092) were randomly recruited withe 40 clinic centers and stratified by
age and race/ethnicity (American Indian/AlaskaniwgtAsian or Pacific Islander, Black or

African American, Hispanic/Latino, White).

The purpose of the Measurement and Precision Stagyto assess test-retest reliability
of several self-administered questionnaires. E#alc center was randomly assigned to
repeat a set of baseline questionnaires (Langdr 2003). At approximately 12-week
intervals (range: 8-15 weeks), half of the womerb@v) repeated questions on
exercise/recreational activities (Form 34) anddtieer half (n=512) repeated questions

related to household, yard, and sedentary actviiflerm 42).

Physical Activity Questionnaire

The physical activity questionnaire was self-adsteried at enrollment. The
guestionnaire was designed to collect differenesypf activities by grouping them together
by intensity. This was done to reduce the burdehteme needed to complete the
guestionnaire. The questionnaire was divided wio forms to collect information on usual
physical activity. On the first form, participamtgported their usual exercise, or recreational
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activity (mild, moderate, strenuous, and walkingwttes). On the second form, participants
were asked about heavy indoor household actiatnesyard activities. Both forms were
completed at the same time, either at the clinicsaled to the participant, and then
returned to the clinic for review. The questionaand scoring protocol can be found in

Appendix D.

Exercise or recreational activity was assesseddnuency (6 categories, from 0 to 5+
days per week) and duration (4 categories, fror snihutes to >= 60 minutes) of mild,
moderate, and strenuous activities. Participaypented episodes (10 minutes or more) of
walking outside of the home by frequency (6 levels) 7 days per week), duration (4 levels,
<20 minutes to >=60 minutes), and usual speedv@lde2 mph to 5 mph). The women were
also asked to recall whether or not they engagstr@muous activity (yes or no) at 18, 35,
and 50 years of age. Questions on household esiviere assessed as hours per week (5
categories, from <1 hour to >=10 hours). Yardvétats included the number of months per
year (5 categories, <1 month to >=10 months) anashper week (5 categories, <1 hour to
>=10 hours) the activities were performed. Pgréigts were also asked to report number of
hours spent sitting and lying down, including sleegch day (8 categories, <4 hours to >=16

hours).

The WHI physical activity measures were designeoetsummarized into continuous
variables estimating weekly energy expenditure fetic equivalent (MET)-hours per
week] from each type of activity (mild, moderateeauous, walking, household, and yard).
An estimated MET level for the types of activitysvassigned from a compendium of
activities (Ainsworth et al. 2000), where the MEEV¢! is kilocalories per kilogram of body

weight expended each hour during a specific agtivithe summary variables in “MET-
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hours” quantify the total kilocalories expended kiéygram per week. MET units are

independent of body weight.
Socio-demographic Measures

Participants answered questions on a number ofriiapohealth behaviors and
demographic attributes. Race/ethnicity (Ameribahan/Alaskan Native, Asian or Pacific
Islander, Black or African American, Hispanic/LatjiWhite), education (10 levels), main
occupation (Professional/Managerial, Technical/SAléministrative, Service/Labor,
Homemaker), retirement status, martial status, smgaitatus, and general health were all
self-reported at the first clinic visit. Additialty height and weight for each individual were
measured at this visit and used to calculate boalysnmdex (BMI) (weight in kilograms
divided by height in meters squared), and categdris underweight (<18.5 kgf)nnormal

weight (18.5-<25 kg/R), overweight (25- <30 kg/fiy, and obese>B0 kg/nf) (WHO 1995).
Statistical Analysis

Two-level kappa and weighted kappa (3-8 leveld)sdies were used to assess the test-
retest reliability of each individual question aresponding component (e.g., frequency,
duration). Weighting for the kappa statistics wpplied using the default in SAS, the
Cicchetti-Allison form, which took into account tdegree of non-agreement between the
test and retest. Agreement between the test &est ngere categorized into five categories:
poor (0 to< 0.2), fair (0.2 ta< 0.4), moderate (0.4 £0.6), substantial (0.6 t0.8), and
almost perfect (0.8 to 1.0) (Landis et al. 197T¢st-retest reliability of the continuous
variables was assessed with the intraclass cametatoefficient (ICC). 1CC and 95%
confidence intervals were based on a one-way asalyvariance model (ANOVA)
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(Streiner et al. 1995; Streiner 1995) and asse$sseproportion of the total variance (true
variability and measurement error) that was dygatticipant variability or differences

between tests.

Stratified analyses were performed overall anddmgtethnicity, time between test and
retest (<=3 months vs. >3 months), age (565 years, > 65 - 79 years), and by level of
recreational activity (one or more episodes vsefohastly, because the participants were
not randomized to the type of activity form (exeetrecreation form vs. household/yard

form), differences between the two samples were esmined.

D. RESULTS

Study Sample

The majority of the sample (n=1092) reported gamay good, or excellent health
(90%) and the average age was 64 yearsi@dlé 6.1). The population was predominantly
White (66%) followed by Hispanic (14%), African Amean (13%), and Asian/Pacific
Islander (7%). Only 1% of the women identifiedrtiselves as American Indian/Alaskan
Natives (n=13). These women were excluded fronrahmlly stratified analysis only
because of inadequate sample size. Most womendragleted high school (93%) and
reported an occupation (current or former) othantheing a homemaker (90%), more than
half of them (55%) were retired at the time of tingt test. Approximately half of the
sample (51%) reported never smoking and more thHr(38%) were overweight or obese.

The majority of the women were married, while oheet were either widowed or divorced.
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Although participants were randomly chosen fromhwiteach center, each center
was assigned to only one of the two physical agtiarms (exercise/recreational activity vs.
yard/household). Several differences in the pdmralistributions were found between the
two forms. Differences of 5% or more were observetiveen the two samples for the
following variables: race/ethnicity, education, @idl. A greater proportion of the
participants who answered the questionnaire orcesegrecreation activities were normal
weight (43% vs. 36%), White (69% vs. 63%), andeml graduates (40% vs. 34%),
compared to the sample that answered the quesirohsusehold/yard activities. Differences
were not observed between general health, occunatstatus, marital status, and smoking
status.

Table 6.1. Socio-demographic description of partipants in theWHI Measurement
and Precision Study at the first clinic visit (n=102)

N %
Education
Less than high school 75 6.9
High school 197 18.2
Some college or vocational/associates 406 37.6
College degree 402 37.2
Missing 12
Race/Ethnicity
American Indian or Alaskan Native 13 1.2
Asian or Pacific Islander 74 6.8
Black or African-American 138 12.6
Hispanic/Latino 148 13.6
White 719 65.8
General Health
Excellent 178 16.4
Very good 421 38.8
Good 382 35.2
Fair 91 8.4
Poor 14 1.3
Missing 6
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Table 6.1 cont.

Occupation
Managerial / Professional
Technical / Sales / Administrative
Service/Labor
Homemaker
Missing

Retired
No
Yes
Missing

Marital
Never married
Divorced, separated or widowed
Presently married or marriage-like relationship
Missing

Body Mass Index
Underweight
Normal
Overweight
Obese
Missing

Smoking
Never
Former
Current
Missing

Total exercise and recreational activity
No exercise or recreational activity
Some activity of limited duration or frequency
2 to <4 episodes per week
4 or more episodes per week
Missing

105

415 39.3
340 32.2
190 18.0
110 10.4
37
487 45.0
596 55.0
9
52 4.8
345 31.7
680 63.5
5
31 2.8
433 39.7
360 32.0
268 24.5
553 51.3
458 42.5
67 6.2
14
50 8.9
254 454
108 19.3
148 26.4
9



At baseline, 73% of the women were not strenuoastive, and more than half had not
participated in regular strenuous activity in thearlier adulthood (ages 18, 35, 50 years)
(data not shown). At least 80% of the women regzbsiome walking. However, when all
exercise was combined about half of the women teddewer than 10 MET-hours per week
(median 9.0 MET-hours/week, S.D. 14.3). Whites Ars@n/Pacific Islanders had higher
median levels of total recreational activity thaisphnic and African Americans (9.8, 8.7,
7.5, 7.5 MET-hours/week, respectively). A simibattern was observed for strenuous
recreational activity and moderate to strenuouseetmnal activity by race/ethnicity (data
not shown). More women reported at least one dpisd moderate recreational activity
(e.g., easy swimming, biking, or dancing), thandnécreational activity (e.g., bowling, golf)

(Table 6.2.
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Table 6.2. Physical activity descriptive statistig at the first clinic visit, among participants inthe WHI Measurement and

Precision Study

Variable

N Mean Median SD Missing
Form 34: Exercise or recreational physical activity=569)
Mild recreational physical activity (MET-hours/week 551 1.2 0 2.6 18
Moderate recreational physical activity (MET-hoursék) 553 3.2 0 51 16
Vigorous recreational physical activity (MET-howvsek) 562 4.0 0 9.0 7
Walking recreational physical activity (MET-hours/ek) 563 4.9 25 6.2 6
Moderate to vigorous recreational physical actiftMyE T-hours/week) 544 9.8 4.5 13.2 25
Total recreational physical activity (MET-hours/\kge 526 13.3 9.0 14.3 43
Form 42 — Household and Yard physical activity (23p
Household physical activity (MET-hours/week) 518 77. 7.0 9.1 5
Yard physical activity (MET-hours/week) 515 3.8 0 .86 8
Sitting and lying down (hours per week) 519 145 .015 4.3 4




Test-retest Reliability

Within the entire sample, substantial test-retelsaiility was demonstrated in most
summary measures, with the exception of mild remreal activity, which showed
moderate reliabilityTable 6.3. Two estimates of total physical activity, ormtnuous
and another categorical, both showed substansitré¢est reliability (ICC 0.73,

weighted kappa 0.61, respectivelypbles 6.3 and 6.b

Reliability was similar when the sample was redutcednly those women who
reported at least one episode of exercise or regnah activity (Table 6.3. Stratifying
by race/ethnicity resulted in a loss in precisiohthe associations were simildraple
6.4). The exception was mild recreational activityiethconsistently demonstrated the
lowest reliability, especially in non-white parpeints. When stratified by age, women
who were <=65 years of age demonstrated highexiéty than womern-65 years
(Table 6.5. However the magnitude of these differencessmaall, as the measures in
both strata remained moderate to substantial. thwhdilly, the population of women who
repeated the tests within three months also tetalbdve higher reliability compared to

women for whom more than three months had passetest Table 6.5.

In general, the reliability of the individual quests on the components of frequency
and duration of exercise (strenuous, moderate,, miid walking) was moderate
(weighted kappas 0.36 — 0.6d)aple 6.9. Better reliability was observed for the

strenuous and walking components than moderateldrcomponents.
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Table 6.3. Intraclass correlation coefficients an®5% confidence interval of physical activity meastes among
participants in the WHI Measurement and Precision 8udy

T >1 episode of recreational
otal X oy

physical activity

ICC 95% ClI ICC 95% ClI

Form 34: Exercise or recreational physical actvit n=569 n=310
Mild recreational physical activity (MET-hours/wgek 0.51 0.45, 0.57 0.55 0.47,0.62
Moderate recreational physical activity (MET-hoursék) 0.57 0.52, 0.63 0.60 0.53, 0.67
Strenuous recreational physical activity (MET-héwesek) 0.76 0.73, 0.80 0.76 0.71,0.80
Walking recreational physical activity (MET-hourg/ek) 0.74 0.70, 0.77 0.71 0.65, 0.76
Moderate to strenuous recreational physical agtiWtET-hours/week) 0.71 0.67,0.75 0.74 0.68, 0.78
Total recreational physical activity (MET-hours/kge 0.75 0.71,0.78 0.73 0.67,0.77
Form 42: Household and yard physical activity n=523
Household physical activity (MET-hours/week) 0.60 .59)0.66 N/A*
Yard physical activity (MET-hours/week) 0.71 0.6675
Sitting and lying down (hours per week) 0.60 0G45

* Only applicable for women who completed recreadilophysical activity form
# One episode of any recreational physical activegardless of intensity or duration
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Table 6.4. Intraclass correlation coefficients an®5% confidence interval of physical activity measkes by race/ethnicity,

in the WHI Measurement and Precision Study

White African American
ICC 95% ClI ICC 95% ClI

Form 34: Exercise or recreational physical actyvit n=390 n=60
Mild recreational physical activity (MET-hours/wegek 0.53 0.46, 0.60 0.07 -0.19,0.31
Moderate recreational physical activity (MET-hoursék) 0.77 0.72,0.81 0.68 0.52,0.79
Strenuous recreational physical activity (MET-hdwesek) 0.74 0.69, 0.78 0.64 0.46, 0.77
Walking recreational physical activity (MET-hourg/ek) 0.75 0.70, 0.79 0.87 0.79, 0.92
Moderate to strenuous recreational physical agtiWtET-hours/week) 0.77 0.72,0.81 0.68 0.52,0.79
Total recreational physical activity (MET-hours/\e 0.73 0.68, 0.77 0.72 0.58, 0.83
Form 42: Household and yard physical activity n=329 N=78
Household physical activity (MET-hours/week) 0.62 .5%)0.68 0.65 0.50, 0.76
Yard physical activity (MET-hours/week) 0.78 0.7373 0.70 0.56, 0.80
Sitting and lying down (hours per week) 0.56 0@183 0.66 0.52,0.77

Hispanic Asian / Pacific Islander

ICC 95% CI ICC 95% ClI

Form 34: Exercise or recreational physical actyvit n=82 n=35
Mild recreational physical activity (MET-hours/wegek 0.44 0.24, 0.59 0.66 0.60, 0.72
Moderate recreational physical activity (MET-hoursék) 0.82 0.74,0.88 0.73 0.54, 0.86
Strenuous recreational physical activity (MET-hdwesek) 0.92 0.88, 0.95 0.80 0.76, 0.84
Walking recreational physical activity (MET-hourg/ek) 0.69 0.56, 0.79 0.75 0.70, 0.79
Moderate to strenuous recreational physical agtiWtET-hours/week) 0.82 0.74,0.88 0.73 0.54, 0.86
Total recreational physical activity (MET-hours/wge 0.85 0.78, 0.90 0.78 0.74,0.82
Form 42: Household and yard physical activity n=66 n=39
Household physical activity (MET-hours/week) 0.52 .3100.67 0.77 0.60, 0.87
Yard physical activity (MET-hours/week) 0.31 0.01 0.59 0.34,0.76
Sitting and lying down (hours per week) 0.67 0GBI8 0.54 0.28,0.73
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Table 6.5. Intraclass correlation coefficients an®5% confidence interval of physical activity meastes by age

and time between tests, in the WHI Measurement anBrecision Study

<=65 years >65 years
ICC 95% ClI ICC 95% CI
Form 34: Exercise or recreational physical actyvit n=313 n=256

Mild physical activity MET-hours per week

Moderate physical activity MET-hours per week
Strenuous physical activity MET-hours per week
Walking MET-hours per week

Moderate to vigorous physical activity MET- houes pveek
Total recreational physical activity MET- hours pezek

Form 42: Household and yard physical activity
Household physical activity (MET-hours/week)
Yard physical activity (MET-hours/week)

0.66 9,9.72
0.59 0.51, 0.66
00.8 0.76,0.84
0.75 0.70,0.79
0.79 0.75, 0.83
0.78 0.74,0.82

n=288
0.65 0.58,0.71
0.67 0.6073

0.40 0.29, 0.50
0.56 0.47,0.64
0.71 0.64,0.76
0.76 .7000.80
0.73 0.67,0.78
0.72 0.65, 0.77

n=235
0.52 0.42,0.61
0.77 0.72.0.82

Sitting and lying down (hours per week) 0.68 0BZ4 0.48 0.37, 0.57
<= 3 months >3 months
ICC 95% ClI ICC 95% CI
Form 34: Exercise or recreational physical actyvit n=274 n=295

Mild physical activity MET-hours per week

Moderate physical activity MET-hours per week
Strenuous physical activity MET-hours per week
Walking MET-hours per week

Moderate to vigorous physical activity MET- houes pveek
Total recreational physical activity MET- hours pezek

Form 42: Household and yard physical activity
Household physical activity (MET-hours/week)
Yard physical activity (MET-hours/week)
Sitting and lying down (hours per week)

0.60 0,9.67
0.57 0.48,0.64
10.7 0.65,0.77
0.84 0.81, 0.87
0.75 0.70, 0.80
0.76 0.70, 0.80

n=274
0.60 0.55,0.66
0.71 0.6675
0.60 0G:465

0.44 0.34,0.52
0.58 0.50, 0.65
0.80 0.76,0.84
0.62 .5400.68
0.78 0.74,0.82
0.75 0.69, 0.79

n=249
0.54 0.45, 0.62
0.66 0.58,0.72
0.59 0.51, 0.67
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Table 6.6. Weighted kappa statistics and 95% cordence intervals of the physical activity componentamong participants
in the WHI Measurement and Precision Study

Entire sample >1 episode of recreational physical activity
N Weighted Kappa 95% ClI N Weighted Kappa 95% ClI

Form 34: Exercise or recreational physical actyvit
Mild physical activity, days per week 548 0.36 Q.45 303 0.40 0.28,0.51
Mild physical activity, minutes per session 528 20.5 0.43,0.61 295 0.51 0.40, 0.62
Moderate physical activity, days per week 563 0.53 0.47, 0.59 314 0.54 0.47,0.47
Moderate physical activity, minutes per session 544 0.48 0.41,0.54 297 0.44 0.36, 0.53
Strenuous physical activity, days per week 555 0.62 0.55, 0.68 314 0.62 0.55, 0.69
Strenuous physical activity, minutes per session 6 54 0.61 0.54, 0.68 306 0.60 0.52, 0.68
Number of walks per week >= 10 minutes 567 0.60 5500.65 314 0.55 0.48, 0.61
Minutes per walk 555 0.59 0.54, 0.65 307 0.59 0.52, 0.66
Usual speed of walk 556 0.60 0.54, 0.65 306 0.58 0.50, 0.66
Total exercise and recreational activity exposure 69 5 0.61 0.56, 0.66 314 0.51 0.42, 0.59
Form 42: Household and yard physical activity
Heavy indoor chores hours per week 517 0.52 0.48 0 N/A*
Yard work, months per year 511 0.67 0.62,0.71
Yard work, hours per week 509 0.64 0.59, 0.70
Historical strenuous physical activity N Simple Kappa 95% ClI N Simple Kappa 95% ClI
Strenuous physical activity at age 18 years 527 50.5 0.48, 0.63 288 0.57 0.47, 0.66
Strenuous physical activity at age 35 years 526 50.5 0.48, 0.63 294 0.55 0.45, 0.65
Strenuous physical activity at age 50 years 535 305 0.46, 0.60 301 0.53 0.44,0.63

* Only applicable for women who completed recreagilophysical activity form
# One episode of any recreational physical activeagardless of intensity or duration



History of strenuous activity at the ages of 18,&% 50 years was also moderately reliable
(0.53 — 0.55) and did not appear to follow a cdesispattern of higher or lower reliability
over the three age periods. Similar to the summagsures, reliability was not greatly
influenced by restricting the analysis to only wanwveho reported at least one episode of
exercise, or recreational activity. When we shiediby the other relevant covariates (age,
race/ethnicity, and time between tests) the rditglmf moderate, strenuous, and walking

physical activity were all fair to moderate.

E. DISCUSSION

The WHI Physical Activity Questionnaire had modertt substantial test-retest
reliability in a racially diverse sample of postiopausal women. The reliability estimates
observed in this sample are similar to reliabifitgasures from other self-reported
guestionnaires designed for women (Cauley et &7)18nd for older adults (Washburn
2000). Additionally, the physical activity in thmpulation generally parallels activity
patterns observed in the US population of adultsiiWR 2001; MMWR 2004; Surgeon

General 1996Db).

The most consistent difference in the test-retdsdbility estimates appeared to be lower
reliability in the mild exercise or activity meassr Although it is possible that the lower
reliability observed in the mild intensity questsomay be an artifact of reduced precision, it
is consistent with other research (Sallis et a5t WWashburn 2000). Activities of mild
intensity are less memorable and less likely todoalled, and are consequently less well
captured by self-report questionnaires. Anotheemial explanation for the weaker
performance of the mild activity measures may besalt of the questionnaire design. Mild
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walking, a popular recreational activity in thisgotation, was assessed independently from
other mild-intensity activities, and showed higharability than mild activity. Therefore, if
walking had been included in the mild activity m&a&s instead of assessed independently,

mild activity might have shown higher reliability.

Differences in test-retest reliability were not ebsed when reducing the sample to only
women who reported at least one episode of anycEeeor recreational activity. There were
also no meaningful differences observed acrosgetrec groups. Previous studies have
been mixed in their reporting of differences inakility by race/ethnicity (Brownson et al.
1999; Evenson et al. 2005; Shea et al. 1991). Mewyd is also important to consider the
wide confidence intervals in the race/ethnicityraates, as stratifying the data resulted in a

loss of precision.

Although we did not observe differences in relidpibetween the different race/ethnic
groups, or by physical activity, patterns were obseé by age and length of time between
test and retest. Women who were 65 years or youlegaonstrated better test-retest
reliability than women who were older. Variabilidy physical activity in older women may
be influenced by a number of factors, such as dhgriggalth status, (e.g., fatigue, injury,
disease progression), retirement, or loss of asp@Brown et al. 2003; Evenson et al.
2002a; Eyler 2003; Eyler et al. 2003). Any of taebanges within the study period could
impact questionnaire reliability as women’s acyipiatterns are affected. Additionally,
aging is associated with cognitive decline thatioapact memory and could in turn affect

reliability (Rikli 2000).
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Not surprisingly, a pattern of slightly higher edility was also observed in the sample
of women who repeated tests within a three-momtle period compared to women who
experienced more than three months between the t€ste explanation could be because
tests repeated within a shorter time frame are rikely to be given in the same season or
comparable time of year with regards to weathéfurthermore, a change in activity could
have occurred after the administration of the fixgéstionnaire, such that the reliability

estimates would be lower.

Limitations

Despite the diverse and large sample, this studyshaeral limitations. The WHI
sample was not population-based and may not begseptative of a specific source
population. White women make up a larger samgdae tither racial/ethnic groups. Because
of the small sample sizes representing Hispanigc&f American, and Asian/Pacific
Islander women, the bounds of the lower confidentexval were estimated below zero in
several of the stratified analyses. Additionallg tevel of education in our sample was very

high and we were unable to examine variation itretest reliability by education.

Another limitation to this study was that partiagpgwere not randomized to the two
forms and some differences were observed betweetwthgroups. While the WHI physical
activity assessment included a measure of yarchandehold activity, it was not a
comprehensive measure of women'’s potential acitiSeveral domains of activity such as
non-motorized transportation (active travel), clatcelder care activity, and work or

occupational physical activity were not includedhe WHI physical activity questionnaire.
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F. CONCLUSIONS

Reliable and valid questionnaires are a cost-effe@nd useful method for collecting
physical activity information in large cohort stadj such as the WHI observational study .
However, measurement of physical activity is chmjlag as many questionnaires do not
collect detailed information on types of activiteasd use terminology many women do not
identify with (Ainsworth 2000; Masse et al. 1998&;dbr-Locke et al. 2003; Tudor-Locke &
Myers 2001). The WHI Physical Activity Questionreameasures several domains of
physical activity behavior and this study demortsttat can reliably estimate recreational,
yard, and household physical activity in an ethllyadiverse sample of post-menopausal

women.
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VIl.  Walking Intensity, Frequency, Duration, and the Rik of Coronary Heart

Disease in the Women’s Health Initiative Observatinal Study

A. ABSTRACT

Purpose Walking is the most popular leisure time physiczahdty for US adults. It is
an activity that requires almost no additional exgee training, or specialized equipment. A
brisk walk performed for 30 minutes on most dayghefweek meets the current physical
activity recommendations for health. Walking hasm associated with decreased risk of
CHD in several epidemiologic cohorts of women. léger very little research exists on the
relative importance of intensity, duration, andyfrency of walking on risk of CHD.
Therefore, we estimated the risk of CHD associatiéld total walking energy expenditure as
well as each walking component (intensity, duratfoegquency) among participants from the
Women'’s Health Initiative observational cohort (47502). Methods Cox proportional
hazards regression was used to estimate the haersl (HR) of CHD associated with
several walking exposures. Separate models wektosexamine total recreational walking
and the individual walking components while corltngl for important covariates (age, race,
income, education, marital status, diet, generaltheregion, smoking, and occupation).
Results In the multivariate model, an increase of 10 MERours per week of recreational
walking was associated with an 19% reduction ik oiSCHD (HR 0.81, 95% CI 0.76, 0.87).
Relative to never walking, walking very fast was@sated with lower risk of CHD (HR

0.36, 95% CI1 0.19, 0.68). Walking seven or mamees per week and walks of one hour or



longer were also associated with lower risk of CHR 0.76, 95% CI 0.64, 0.90 and HR
0.69, 95% CI 0.56, 0.83, respectively). Whentdied by the level of recreational physical
activity energy expenditure, the observed assaciativere stronger in participants with
higher walking exposureConclusion Each walking component appeared to have a
significant effect on risk of CHD. How physicalt&ity is performed (intensity, duration,

frequency) may influence individual CHD risk.

B. INTRODUCTION

More than 50 years have past since occupationaiqddyactivity was first examined as
a risk factor for CHD (Morris et al. 1953). Thesti health recommendation regarding
exercise and fitness followed 25 years later, [shield by the American College of Sports
Medicine (ACSM 1978). This recommendation focusedhe development and
maintenance of physical fitness for health and eragged vigorous exercise, at least three
times per week performed as a continuous be2® fninutes). In the years that followed,
recommendations regarding exercise for cardioragpy fitness or health were revisited as
specific health benefits and various exercisestiviies were examined (ACSM 1994;

ACSM Position Statement 1990 1990; ACSM 1998).

By 1992, the American Heart Association identifpddy/sical inactivity as a primary risk
factor for cardiovascular disease (Fletcher €1292). Three years later, the mounting
evidence that moderate amounts of activity contepretection from chronic disease led to
changes in the physical activity recommendatiortsthe adoption of a national standard for
public health (Pate et al. 1995; U.S. Departmeriedlth and Human Services 1996).
Continued research has helped to elucidate ther@gspense relationship between physical

118



activity and health (Kesaniemi et al. 2001). Hoeretoday, more than fifty years after
physical activity was first studied as a risk fadtwr CHD, the debate continues regarding the
optimal prescriptive dose of activity (i.e., intégsfrequency, duration) that will prevent
disease (Barinaga 1997; IOM 2002; Kesaniemi €@1; Lee & Skerrett 2001b; Martin et

al. 2000).

An international group of experts gathered in gledf 2000 to examine the evidence of
the dose-response relationship related to phyamtality and health. A recurring theme at
the conference was the lack of epidemiologic ewséemn the health effects of the various
components of activity (i.e., intensity, frequendyration) (Kesaniemi et al. 2001).
Specifically, scientists were unable to assesatipact of these individual components apart
from their contribution to physical activity energypenditure. They concluded that there
was insufficient evidence on the relative impor@an€intensity, frequency, and duration
with regards to morbidity and mortality, and recoemded that future studies examine these

separate components in greater detail (Lee & SK&0O1b).

In order to rigorously examine the components tivag, physical activity data needs to
be collected such that intensity, frequency, anatitan are assessed independently, but also
contribute to a summary variable of volume meagutatal energy expenditure (i.e., energy
expenditure as MET-time or kilocalories). The wokiof physical activity energy
expenditure should be matched or controlled fahenanalysis in order to examine the
individual contribution of each component. Thisiecessary because an individual who
performs activities that are frequent, of long diorg or of vigorous intensity will expend
more total energy than another who engages inguéet activity, of shorter duration, or of

moderate intensity. Therefore, until the totalwoé of energy expenditure is considered, it
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is difficult to understand if the resultant headtifect observed in more active individuals is
solely an artifact of greater energy expenditura cesult of additional frequency, longer

duration, or higher intensity.

The WHI physical activity questionnaire assesseseggional walking activity in a way
that allows examination of intensity, frequencyd auration. Thus, the purpose of this study
was to explore the effect of recreational walkimgrick of CHD and assess the relative

contribution of each walking component.

C. METHODS

Study Population

Participants were selected from the observatioolabt of the WHI (Langer et al.
2003). Between 1993 and 1998, approximately 1@ly@dmen from 40 clinical centers
across the United States were recruited to pastieip several WHI studies as part of a
broad initiative to examine women'’s health. Anngtally and racially diverse group of
women, who were post-menopausal, age 50 to 79 yeaestargeted for enrollment. The
WHI included an observational cohort of 93,676 waméno provided information on
various health behaviors and exposures and havefblb@wved annually to explore major

causes of morbidity and mortality.

Women enrolled in the observational cohort complet®aseline screening visit
between 1993 and 1998, at their respective clinidgring this visit they completed self-
administered questionnaires, which ascertainedanmton on physical activity, diet,

personal medical history, and other occupatioifaktyle, and behavioral risk factors. At
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the same visit, certified staff recorded physical alinical measurements (e.g.,

anthropometrics, blood pressure, etc).

To be eligible for the observational cohort, thewem had to have no reported mental
illness, dementia, alcoholism, or drug dependebeyfree from any major medical condition
which would impact survival within three years, drale the intention to reside in the area
for at least three years (Langer et al. 2003). \Womere also ineligible if they had a history
of cardiovascular disease, cancer, or stroke.ti@aims of this study, women were
excluded if they were missing information on phgsiactivity (n=7,439) and important
covariates (n=12,510) (i.e., age , body mass indeome, education, marital status, diet,
occupation, general health status, or race/etigicitVe also excluded women who reported
poor health at baseline (h=631) or were unableaik wne block (n=1171). Lastly, 423
women were ineligible because of missing followkuiermation. The final sample size
consisted of 71,502 women. Informed consent waairndd through materials approved by

the institutional review boards at each center.

Physical Activity Assessment

The physical activity questionnaire asked partiotpdo report their usual recreational
activity (i.e., mild, moderate, vigorous, and wall), indoor household, and yard activities.
Because walking is such a prevalent and importsreational activity for this population, it
was assessed separately with three questiongcipamts were asked how often (frequency)
they walked outside the home for more than 10 nesutithout stopping, how long
(duration) they usually walked, and their usualkivaj speed (intensity). Six possible

categories assessed frequency (0, 1-3 times/m&i&himes/week, 4-6 times/week, and 7 or
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more times/week), four time categories gauged aeewaalk duration (<20 minutes, 20-39
minutes, 40-59 minutez60 minutes), and five speed categories assessatsityt
(causal/slow, normal/average, fairly fast, veryt,fden’'t know). Women who responded
“don’t know” to the question on usual speed (4%jJenassigned to the lowest category

(causal/slow).

Recreational physical activity energy expenditueswstimated by summing the MET-
hours per week of walking, mild, moderate, and xogs recreational activities. One MET is
approximately equivalent to 3.5 ml of oxygen usedminute, for each kilogram of body
weight, in an adult. MET units are independenbady weight and the estimated MET level
for the types of activity was assigned from a conalem of activities (Ainsworth et al.

1993; Ainsworth et al. 2000).

The test-retest reliability of the physical aciyuiheasures was estimated in a random
sample of women participating in the observatiamddort. Test and retest occurred
approximately 12 weeks apart (range, 8-15 weekdjaclass correlation coefficients for the
summary variables of walking total recreationahaist were moderately to substantially
reliable (chapter 6). The agreement for walkingmsity, frequency, and duration measured
through weighted kappa statistics was 0.60, 0.60,0a59 respectively. The agreement

within the categories of each component is presentAppendix G.

Coronary Heart Disease Assessment

End points for this analysis were incident CHD dsellVe defined an incident event,
after baseline, but before September 2005, asdimLeither a definite or probable
myocardial infarction (MI) or coronary revasculation (percutanerous transluminal
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coronary angioplasty or coronary artery bypasstgréfarticipants were contacted annually
for their medical or health information and comptet standardized questionnaire either
self-completed, over the phone, or in-person duamagnterview. Medical records data
(discharge and relevant diagnostic/lab tests) wellected for each event. Elements used to
help define the events included all available eteztrdiograms, cardiac enzyme and /or
troponin levels, and medical history (Curb et 802). Adjudication of events occurred at
two levels. First, the local Clinical Center ploran reviewed the documents and assigned a
diagnosis. Second, events were centrally revieatele Clinical Coordinating Center(Curb
et al. 2003). A high level of agreement was fobrtlveen local and central adjudication for

cardiovascular disease outcomes (90-94%) (Curb 20@3).
Covariate Description

Body mass index was collected during the baseline wisit and categorized into
underweight (<18.5 kg/fiy normal weight (18.5-<25 kg/)) overweight (25- <30 kg/fh
and obese>30 kg/nf) (WHO 1995). Smoking was self-reported as curriemmer, or never
smoker, and caloric intake was estimated from d foequency questionnaire. All socio-
demographic variables were self-reported usingdstatized questionnaires and were self-
reported by the participants at baseline. Pa#ditip could self-identify a single race or
ethnicity from six possible categories: non-Hisgafimerican Indian, non-Hispanic
Asian/Pacific Islander, non-Hispanic Black, non4b#isic White, Hispanic, or Other. Family
income was also reported and categorized intolévels from <$20,000 per year to
>$75,000. Occupation was categorized into four dhtgpes: managerial/professional,
technical/sales/administration, service/labor, Bochemaker. Marital status was categorized

into currently married or in a marriage-like retetship, divorced or separated, widowed, and
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never married. Education was divided into four gatees (less than high school, high
school/GED, some college or associates degree;@legie degree). The 40 clinic centers
were categorized by region of the country and @efias Northeast, South, Midwest, and
West. Lastly, a single question asked participemteport their perceived health status by

asking “In general, would you say your health isadbent, very good, good, fair or poor?”.

Statistical Analysis

Using a Cox proportional hazards model, we firgtreied walking as a continuous
energy expenditure variable and its associatioh nisk of CHD. Second, we examined the
association of each walking component (intensrgqdiency, duration) with CHD in separate
Cox models. Person-time for each participant vedsutated from the time of enrollment
into the study until the date of a confirmed evanantil September 12, 2005. Hazard ratios
were computed for each category of the walking comept and were adjusted for age,
race/ethnicity, total caloric intake, smoking s&tonarital status, household income,

education, occupation, and general health.

Following this, we explored three modeling stragsgio adjust for recreational energy
expenditure, all of which used Cox proportionaldrazmodels. In the first analysis, we
assessed each component of walking separatelgtamdard multivariable model. In the
second, we adjusted for recreational energy expaedoy including as a covariate, a linear
term the total recreational energy expenditure (Mi6lrs/week). Because of the high
correlations between our exposure (or componert}iaa recreational energy expenditure
variable, we employed a third approach which uked‘nutrient” residual method common

in nutritional epidemiology. This method is apdlhen a effect of a specific nutrient
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requires adjustment for total caloric intake (Will®98). To do this we regressed each
activity component (intensity, frequency, duratiseparately in a model with recreational
physical activity energy expenditure as the indeleanvariable and the component as the
dependent variable (Willet 1998). This providesuith an “energy-adjusted” component
estimate that is uncorrelated with physical agtieihergy expenditure. We then used this
“residualized” (or energy adjusted) component asnoain exposure in the Cox model while

controlling for other covariates to estimate risiCtiD.

Lastly, although this analysis does not allow ugegi the strength of the associations of
one component relative to another, we dichotomeasth component into roughly equal
distributions to draw comparisons. This was dopedilapsing the two highest response
categories in each component and defining thesg@ssed relative to the remaining

categories.

D. RESULTS

The vast majority of our sample was white (86%}hveimaller proportions of African
American (7%), Hispanic (3%), Asian (3%), and otreares (1%)Table 7.1). Although this
cohort represented an older population (mean age#&), the majority of women reported
very good or excellent health (42% and 19%, respag) and were currently married
(63%). Almost all of the women had a high schaplaima (96%) and many of them had a
college degree (42%). Most women also reportegétoald incomes near or above the
median U.S. household income at the beginningestthdy period (1993, median income

$31,241) (US Census Bureau: Income 1975 to 2006)200
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Table 7.1. Participant characteristics and covarige description n=71,502

Frequency Percent
Age Group
50-59 23200 325
60-69 31663 443
70-79 16639 23.3
Race/ethnicity
non-Hispanic White 61251 85.7
non-Hispanic African American 4834 6.8
Hispanic 2269 3.2
non-Hispanic Asian/Pacific Islander 2144 3.0
Other 1004 1.4
Region
Northeast 16280 22.8
South 17765 24.9
Midwest 16253 22.7
West 21204 29.7
General Health Status
Excellent 13255 18.5
Very good 30044 42.0
Good 22706 31.8
Fair 5497 7.7
Marital Status
Married or marriage-like relationship 45148 B3.
Never married 3393 4.8
Divorced or Separated 11096 155
Widowed 11865 16.6
Education
Less than High School 2881 4.0
High School or GED 11362 15.9
Some College or Associate Degree 26078 36.5
College Degree 31181 41.6
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Table 7.1 cont.

Occupation
Managerial / Professional
Technical / Sales / Admin
Service / Labor
Homemaker only

Household Income
<20,000
20,000 — 34,999
35,000 — 49,999
50,000 — 74,999
>= 75,000

Recreational Physical Activity
No activity
Some activity of limited duration
2 to <4 episodes per week
4 or more episodes per week

31728

20780
11746

7248

9780
16106
14327
14451

16838

9123
22702
13184
21493

44.4

29.1
16.4
10.1

13.7
22.5
20.0
20.2

23.6

12.8
38.7
18.4
30.1

The majority of the women did not engage in regtgareational physical activity

(Table 7.1). However, walking was the most common recreatiphysical activity and

only 15% of the sample did not report any recrewtiovalking activity Table 7.2. Sixty

percent of the women reported that they walkedidetst least 2 or more times per week.

The most commonly reported speed or intensity dkiwg was “average or normal pace”

and most common duration was between 20 and 3%tesimer walk.

Total walking was first examined in a crude modblck showed a 2% decrease in risk

of CHD (HR 0.98, 95% CI 0.97, 0.99) with every dViET increase in walking. In a second

model adjusting for covariates, an increase of ETNhours per week in recreational

walking was associated with an almost 20% redugtiaisk for a CHD event (HR 0.81,

95% CI 0.76, 0.87).

127



Table 7.2. Distribution of walking intensity, frequency, and duration n=71,502
Walking Component Frequency Percent

Walking Intensity (speed)

No walking 10687 15.0
Causal or slow walking 12814 18.0
Average or normal walking 30219 42.3
Fairly fast 16878 23.6
Very fast 904 1.3
Walking Frequency

0 days per week 10687 15.0
1-3 times per month 9963 14.0
1 time per week 7330 10.3
2-3 times per week 20197 28.3
4-6 times per week 17032 23.8
7 or more times per week 6293 8.8

Walking Duration

0 minutes 10687 15.0
0 — 19 minutes 15581 21.8
20 — 39 minutes 29160 40.8
40 — 59 minutes 11238 15.7
1 hour or more 4836 6.8

Examination of the Walking Components

In crude, multivariable adjusted, and recreati@mdrgy adjusted models, all walking
intensities greater than slow or casual were aasatiwith lower risk of CHDTable 7.3.
Walking at the fastest intensity was associatetl wi64% reduction in risk (HR 0.36, 95%
C10.19, 0.68). Further adjustment for recreatl@mergy expenditure had no affect on the
estimates.

A similar, albeit weaker, association was obsemwdt increasing frequency, where
statistically significant decreases in CHD risk gvaot observed until the women walked at

least 4 to 6 times per week. In the multivarialdgisted model, walking every day was
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associated with a 24% lower risk (HR 0.76, 95% ®K00.90), and walking for more than
60 minutes per walk was associated with 31% lowsgr(HR 0.69, 95% CI 0.56,0.83) of
CHD (Table 7.3. Including a term for recreational energy exgitme attenuated the
associations but did not meaningfully change tiselts Table 7.3.

The results from all three modeling strategies fled similar results for the association
between duration of walking and risk of CHD. Wonvemo reported walks of 40 to 60 or
more minutes were at significantly lower risk of BHIn the multivariable adjusted model,
walks of one hour or more conferred more than 30¥el risk of CHD (HR 0.69, 95% CI
0.56, 0.65) Table 7.3. Similar to the other components, including eational energy

expenditure in the model did not appreciably affaetestimates.
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Table 7.3. Crude, multivariable-adjusted, and enayy-adjusted hazard ratios and 95%
confidence intervals associated with walking intenty, frequency, and duration and risk

of coronary heart disease n=71,502

Multivariable*

Recreational Energy**

Crude adjusted Adjusted
Hazard Ratio Hazard Ratio Hazard Ratio

(95% CI) (95% CI) (95% CI)
Walking Intensity (speed)
No walking Ref Ref ref
Causal or slow walking (16;11'35 (1.016.12.26 (1,010',1\2.26
Average or normal walking (o_gi?g_m (0_806?8,99 (0.800'?8.99
Fairly fast (o.z?éz,‘rg.szl (0.507',68.75 (0.507',68.75
Very fast (o_ffole (0.109'?8.68 (0.109',38.68
Walking Frequency Ref
0 days per week Ref ref
1-3 times per month (O.%?g'% (0.804;??09 (0.804.,9509
1 time per week (0.26?()1'94 (0.80]:??[1.08 (0.802?;.1.09
2-3 times per week (0.95.0.90 (0.83, 1.0 (0,84 1.0¢
4-6 times per week (0.567383 (0_705;'8899 (0.800.?1.03
7 or more times per week (0_50;'502'73 (0.604;,78.90 (0.607.,88.96
Walking Duration
0 minutes ref Ref ref
0 — 19 minutes (0_32'?12_03 (0.808??.10 (0_8%??_11
20 — 39 minutes 0.790.89 (0.85,1.03 (0.8, 1.05
40 — 59 minutes (0.530.69 (0.6, 091 (0.70, 094
1 hour or more (0.4(134.1?(;1.65 (0.506.?(9).83 (0_505,7(%.88

* Adjusted for age, region, general health stasospking, caloric intake, martial status, incomeyaadion, occupation, and race/ethnicity
** Adjusted for total recreational energy expendi#uage, region, general health status, smokingricantake, martial status, income,

education, occupation, and race/ethnicity
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Because of a potential bias due the correlatiowdst components and recreational
energy expenditure, we stratified by tertile ofreational energy expenditure. When the
population was stratified in this way, differentedfects were observeddble 7.4a — 7.4
In the stratified analysis, intensity of walking svhe only beneficial component across all
tertiles of recreational physical activity. Ontythe highest tertile (>= 16.2 MET-
hours/week of recreational physical activity) didmen experience a lower risk from all
three components. These effects were only sliglitBnhuated after adjusting for recreational

physical activity energy expenditure.

Because the effects of walking appeared strongenimen who were more active, the
data were dichotomized at the median and restricceebmen who engaged in 10 or more
MET-hours/wk of recreational physical activity)gble 7.5. Results in this sample
(n=36,426) mirrored the results observed in the@erbhort, although the magnitudes of the
effects for each component were slightly great®omen in the highest categories of each

component experienced the greatest reductionskrofiCHD.
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Table 7.4a. Crude, multivariable-adjusted, and engy-adjusted models hazard ratios
and 95% confidence intervals associated with walkmpintensity and risk of coronary
heart disease, by tertile of recreational physicalctivity n=71,502

Multivariable* Recreational
Crude Adjusted Energy Adjusted**
Hazard Ratio Hazard Ratio Hazard Ratio
(95% CI) (95% CI) (95% CI)
Tertile 1
n=22,854
0 to <5 MET-hours/week
No walking ref ref ref
Causal or slow walking 1.23 .17 L1.17
(1.07,1.42) (1.01, 1.35) (2.00, 1.37)
Average or normal walking 0.72 0.83 0.83
(0.61,0.84) (0.70, 0.97) (0.69, 1.00)
Fairly fast 0.46 0.65 0.64
(0.31,0.68) (0.43, 0.74) (0.43, 0.95)
Very fast not estimated not estimated not estithate
Tertile 2
n=24,611
>5 to <16.2 MET-hours/week
No walking ref ref ref
Causal or slow walking 1.33 1.11 111
(1.04,1.69) (0.94,1.31) (0.94, 1.30)
Average or normal walking 0.94 0.94 0.94
(0.75,1.17) (0.81, 1.09) (0.81, 1.09)
Fairly fast 0.47 0.65 0.65
(0.36,0.61) (0.54, 0.78) (0.54, 0.78)
Very fast 0.34 0.31 0.31
(0.08,1.37) (0.10, 0.97) (0.10, 0.98)
Tertile 3
n=24,037
>16.2 MET-hours/week
No walking ref ref ref
Causal or slow walking 0.99 0.86 0.85
(0.73,1.34) (0.63, 1.16) (0.63, 1.16)
Average or normal walking 0.69 0.71 0.71
(0.54,0.89) (0.55, 0.92) (0.55, 0.91)
Fairly fast 0.48 0.59 0.60
(0.37,0.62) (0.46, 0.77) (0.46, 0.78)
Very fast 0.19 0.31 0.33
(0.09,0.40) (0.15, 0.65) (0.16, 0.68)

* Adjusted for age, region, general health stasusoking, caloric intake, martial status, incomeyaadion, occupation, and race/ethnicity
** Adjusted for total recreational energy expendituage, region, general health status, smokifgricantake, martial status, income,
education, occupation, and race/ethnicity
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Table 7.4b. Crude, multivariable-adjusted, and engy-adjusted models hazard ratios
and 95% confidence intervals associated with frequey of walking and risk of
coronary heart disease, by tertile of recreationaphysical activity n=71,502

Crude Multivariable* Recreational
Adjusted Energy Adjusted**
Hazard Ratio Hazard Ratio Hazard Ratio

(95% CI) (95% CI) (95% CI)

Tertilel

n=22,854

0 to <5 MET-hours/week

0 days per week ref ref ref

1-3 times per month 0.86 0.96 0.98
(0.73,1.01) (0.81,1.13) (0.83, 1.15)

1 time per week 0.90 1.01 1.05
(0.74,1.08) (0.83,1.21) (0.86, 1.28)

2-3 times per week 0.98 1.00 1.08
(0.83,1.15) (0.84, 1.18) (0.88, 1.32)

4-6 times per week 0.98 1.00 1.09
(0.69,1.38) (0.71, 1.412) (0.76, 1.58)

7 or more times per week 0.76 0.72 0.79
(0.34,1.70) (0.32,1.61) (0.35, 1.81)

Tertile 2

n=24,611

>5 to <16.2 MET-hours/week

0 days per week ref ref ref

1-3 times per month 0.90 1.06 1.06
(0.68,1.20) (0.80, 1.41) (0.80, 1.41)

1 time per week 0.85 0.99 1.00
(0.63,1.13) (0.74, 1.33) (0.74, 1.34)

2-3 times per week 0.86 1.01 1.01
(0.68,1.08) (0.80, 1.27) (0.80, 1.27)

4-6 times per week 0.93 0.98 0.98
(0.73,1.17) (0.77, 1.24) (0.77,1.24)

7 or more times per week 0.82 0.90 0.90
(0.60,1.13) (0.66, 1.24) (0.65, 1.23)

Tertile 3

n=24,037

>16.2 MET-hours/week

0 days per week ref ref ref

1-3 times per month 0.67 0.78 0.77
(0.47,0.95) (0.55, 1.10) (0.54, 1.10)

1 time per week 0.59 0.66 0.66
(0.41,0.86) (0.45, 1.10) (0.45, 0.96)

2-3 times per week 0.64 0.71 0.71
(0.49,0.84) (0.54, 0.93) (0.54, 0.96)

4-6 times per week 0.61 0.68 0.68
(0.47,0.79) (0.52, 0.87) (0.52, 0.87)

7 or more times per week 0.52 0.58 0.60
(0.39,0.70) (0.43,0.78) (0.45, 0.81)

* Adjusted for age, region, general health stasusoking, caloric intake, martial status, incomeyaadion, occupation, and race/ethnicity
** Adjusted for total recreational energy expendituage, region, general health status, smokifgricantake, martial status, income,
education, occupation, and race/ethnicity
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Table 7.4c. Crude, multivariable-adjusted, and emgy-adjusted models hazard ratios
and 95% confidence intervals associated with increing level of walking_durationand
risk of coronary heart disease, by tertile of recrational physical activity n=71,502

Crude Multivariable* Recreational
Adjusted Energy Adjusted**
Hazard Ratio Hazard Ratio Hazard Ratio
(95% Cl) (95% Cl) (95% Cl)
Tertilel
n=22,854
0 to <5 MET-hours/week
0 minutes ref ref ref
: 0.99 1.02 1.04
0 - 19minutes (0.86,1.14) (0.88, 1.18) (0.89, 1.21)
: 0.85 0.95 0.98
20 - 39minutes (0.73,1.00) (0.81, 1.11) (0.82,1.17)
: 0.64 0.83 0.86
40 — 59minutes (0.43,0.97) (0.55, 1.26) (0.56, 1.32)
1 hour of more 0.73 0.92 0.95
(0.39,1.36) (0.49, 1.72) (0.50, 1.80)
Tertile 2
n=24,611
>5 to <16.2 MET-hours/week
0 minutes ref ref ref
: 0.96 1.07 1.08
0 - 19minutes (0.75,1.23) (0.84, 1.37) (0.84, 1.38)
: 0.90 1.00 1.00
20 — 39minutes (0.72,1.12) (0.80, 1.25) (0.80, 1.26)
: 0.74 0.88 0.88
40 — 59minutes (0.56,0.97) (0.67, 1.16) (0.67, 1.16)
1 hour of more 0.70 0.81 0.81
(0.45,1.07) (0.53, 1.25) (0.52, 1.24)
Tertile 3
n=24,037
>16.2 MET-hours/week
0 minutes ref ref ref
: 0.72 0.73 0.73
0 — 19 minutes (0.53,0.97) (0.54, 0.99) (0.54, 0.99)
. 0.69 0.74 0.74
20 — 39minutes (0.53,0.88) (0.57, 0.96) (0.57, 0.95)
: 0.53 0.62 0.63
40 — 59minutes (0.40,0.69) (0.48, 0.82) (0.48, 0.82)
1 hour of more 0.47 0.53 0.55
(0.35,0.64) (0.39, 0.72) (0.40, 0.75)

* Adjusted for age, region, general health stasusoking, caloric intake, martial status, incomeyaadion, occupation, and race/ethnicity
** Adjusted for total recreational energy expendituage, region, general health status, smokifgricantake, martial status, income,
education, occupation, and race/ethnicity
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Table 7.5. Crude, multivariable-adjusted, and enagy-adjusted hazard ratios and 95%
confidence intervals associated with walking intenty, frequency, and duration and risk
of coronary heart disease in women with 10 or morMET-hours per week of
recreational physical activity n=36,426

Crude Multivariable* Recreational
Adjusted Energy**Adjusted
Hazard Ratio Hazard Ratio Hazard Ratio
(95% CI) (95% CI) (95% CI)
Walking Intensity
(speed)
No walking ref ref ref
Causal or slow walking 121 1.04 1.04
(1.08,1.35) (0.83,1.32) (0.82,1.32)
Average or normal 0.78 0.88 0.88
walking (0.71,0.87) (0.72,1.07) (0.72, 1.07)
Fairly fast 0.48 0.66 0.66
(0.42,0.54) (0.53, 0.81) (0.54, 0.82)
Very fast 0.21 0.34 0.36
(0.11,0.40) (0.17, 0.68) (0.18,0.71)
Walking Frequency
0 days per week ref ref ref
1-3 times per month 0.83 0.91 0.91
(0.73,0.95) (0.8469 1.19) (0.69, 1.19)
1 time per week 0.81 0.87 0.87
(0.70,0.94) (0.66, 1.168) (0.66, 1.16)
2-3 times per week 0.81 0.90 0.90
(0.72,0.90) (0.73,1.11) (0.73, 1.11)
4-6 times per week 0.74 0.77 0.78
(0.66,0.83) (0.63, 0.95) (0.63, 0.96)
7 or more times per week 0.62 0.70 0.72
(0.52,0.73) (0.55, 0.89) (0.56, 0.92)
Walking Duration
0 minutes ref ref ref
. 0.92 0.96 0.96
0 - 19minutes (0.82,1.03) (0.76, 1.21) (0.76, 1.21)
. 0.80 0.85 0.85
20 — 3minutes (0.72,0.89) (0.70, 1.04) (0.69, 1.04)
. 0.60 0.76 0.77
40 — 59minutes (0.53,0.69) (0.61, 0.95) (0.62, 0.96)
1 hour or more 0.54 0.61 0.63
(0.44,0.65) (0.47,0.80) (0.48, 0.83)

* Adjusted for age, region, general health stasospking, caloric intake, martial status, incomeyaadion, occupation, and race/ethnicity
** Adjusted for Total recreational energy expendituage, region, general health status, smokirdgricéntake, martial status, income,
education, occupation, and race/ethnicity

Component Comparisons

The methods applied in this study do not allowauest which component was

associated with the strongest risk reduction. i#althlly, the categories within each
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component were not equivalent. In order to try drav a comparison between the
components, we examined the distributions of thegmies within each component and
roughly dichotomized each component at the high@8to 30" percentile of exposure.
When comparing the effect estimates from thesesthredels, intensity was the component
associated with the greatest risk reduction. énntultivariable-adjusted model, being in the
highest two categories of walking intensity (thp 81%) conferred a 34% reduction in risk
of CHD (HR 0.66, 95% CI 0.60, 0.74). Relativelyeaging, the highest two categories of
frequency (33%) or duration (23%) conferred only2&o or 22% reduction in risk of CHD

(HR 0.88, 95% C10.81, 0.95 and HR 0.78, 95% C100.87, respectively)able 7.9.

Table 7.6. Crude, multivariable-adjusted, and enegy-adjusted hazard ratios and 95%
confidence intervals associated with walking compants and risk of coronary heart
disease dichotomized at the highest two categories36,426

Crude Multivariable* Recreational
Adjusted Energy**Adjusted

Component Percent Hazard Ratio Hazard Ratio Hazard Ratio

P exposed (95% CI) (95% CI) (95% CI)

. . 0.50 0.66 0.68
Walking Intensity 24 0.45, 0.56 0.60, 0.74 0.61,0.76

. 0.83 0.88 0.92
Walking Frequency 33 0.76, 0.90 0.81,0.95 0.84,1.00

. . 0.67 0.78 0.81
Walking Duration 23 0.61,0.74 0.71,0.87 0.73,0.90

* Adjusted for age, region, general health stasusoking, caloric intake, martial status, incomeyaadion, occupation, and race/ethnicity
** Adjusted for Total recreational energy expend#uage, region, general health status, smokirgricantake, martial status, income,
education, occupation, and race/ethnicity

E. DISCUSSION

Of the three walking components in our study, ietgnor pace of walking appeared to

have the strongest, most consistent associatidnnisk of CHD. A graded, inverse
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association with" risk of CHD was observed in atidaling strategies applied to the data
(e.g., multivariable-adjusted, energy-adjusted, r@sttlual). Previous analyses on the WHI,
Nurses Health Study, and Health Professional’solalp Study have all shown a reduction
in risk of cardiovascular diseases associated watlking pace (Manson et al. 2002; Manson
et al. 1999; Tanasescu et al. 2002). Howeveralhgbhort studies have observed the same

risk attenuation with pace of walking (Lee et &02a).

Intensity

Intensity has been the most frequently examinedooorant of physical activity and
although results have been mixed, many analysesfoand greater health benefits from
vigorous activity and/or higher intensity (Lee &etett 2001b; Swain & Franklin 2006).
Vigorously performed activity at 6 METSs resultstinice as much energy expenditure as
moderate activity of 3 METs. Controlling for totdtivity energy expenditure attempts to
adjust for this inequality. While it may seem ctarimtuitive to isolate the effect from
energy expenditure, it is plausible that intenkig differential physiologic effects (Wilmore
et al. 2004). At the same caloric expendituresemiotense exercise may result in changes to
muscle structure, function, biochemistry, pulmonaggptations, and hormone levels not
associated with lower intensities. In this anaystensity or pace of walking was
consistently associated with a significant reductiorisk of CHD over the study period.
Relative to never walking or walking at a slowec@awalking fairly or very fast conferred

between 40-60% reduction in risk of CHD.

Frequency
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Compared to intensity, the effect of increasingj@iency on risk is not as
straightforward. When we examined the entire santpere was weak evidence for risk
attenuation in the lowest frequency categories amitegful attenuation was seen only in
women who walked four or more times per week. Byadjustment did not have a large
impact on these results. Few epidemiologic stuldéa® examined frequency of activity as
an independent variable, and these results haverbeed. Two separate studies of
mortality and physical activity found a graded irseeassociation between activity frequency
and mortality (Kushi et al. 1997; Sundquist e2804). However, neither of these studies
accounted for energy expenditure. In another elsienal study that did not adjust for
energy expenditure, frequency was a better pradodtoardiovascular risk factors than
intensity or duration (Mensink et al. 1997). Moeeently the Harvard Alumni Study was
used to examine people who engage in high volurhastwity (>1000 kcal per week) but
during infrequent bouts (“weekend warriors”) (Léeak 2004). This analysis found that
weekend warriors had a lower risk of mortality thiheir sedentary peers, but a slightly

elevated risk compared to those who were more aglguactive.

Duration

Duration of activity episodes or “bouts” has algeb neglected in the epidemiologic
literature. Each model in this analysis suppoaepladed association between higher
duration and decreasing risk, including models stijg for energy expenditure. However,
statistically significant risk reduction was onlyparent when women walked for 40 minutes
or more. Only a handful of other epidemiologic stschave examined duration of activity
and health outcomes (Hu et al. 2004; Hu et al. 208Troix et al. 1996; Lee et al. 2000Db).

All of these have reported decreases in risk widinér duration of activity. Two of these
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found a lower risk of cardiovascular risk factorgwortality with higher duration of
transport-related physical activity (Hu et al. 20Bdy et al. 2007). Nonetheless, in one of the
few analyses to adjust for energy expenditure,dtesd. (Lee et al. 2000b) found no
additional benefit of higher duration, even aftentrolling for physical activity energy

expenditure.

The components of physical activity, and the re@abenefits of different activity
prescriptions has been largely neglected physatality epidemiology. Because the
physical activity recommendations are specificagard to the components (i.e., level of
intensity, number of days per week, or minuteshmert) it is important to gauge the relative
health effect of each. Each component shouldumiesd with, and without its contribution
toward physical activity energy expenditure. Withoontrolling for the volume of activity it
is impossible to discern if a higher intensity,rex¢pisode, or longer duration has an
independent health benefit. Several analyses &id@mpted to address this by stratifying on
total volume of physical activity energy expend#to examine the components (Lee et al.
1995) (Lee et al. 2004) (Manson et al. 1999; Tas@aset al. 2002). To our knowledge this
is the first analysis of all three components tret attempted statistical adjustment for

energy expenditure in a large epidemiologic cohort.

F. LIMITATIONS

Energy adjustment techniques are controversiak aldtivity components are not
independent of energy expenditure or of one anotAdditionally, the correlations between
the variables can be substantial and possiblyréfffial by level of energy expenditure
(Bellach et al. 1998; Day et al. 2004).
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It is also difficult to understand which estimafeesoergy expenditure to use for
adjustment. In addition to the recreational attienergy expenditure, additional analyses
were performed controlling for energy expendituoaf all available activity measures (e.qg.,
recreational, yard, and household physical achiippendix J). Using this estimate of
“total” energy expenditure had no effect on the mtagle or precision of the estimates

compared to the model with only recreational attienergy expenditure.

Results from the third modeling approach with thesidualized” component were more
difficult to interpret, but showed similar effe¢&ppendix H-1). In a residual model the
components or “exposures” lose their units of meament and interpretation of the beta
parameters can be challenging (Mackerras 1996; Waehet al. 1994). Additionally, the
analogy of energy adjustment in physical activitehergy adjustment in nutrition
epidemiology is not perfect. First, total energiake is an absolute measure where
kilocalories are consumed through a finite numbeteons, whereas energy expenditure can
occur from an almost infinite number of activitesd physiologic functions. Secondly, in
energy intake the components of diet (carbohydfateprotein) are additive; in energy
expenditure the physical activity components ardiplicative (intensity, frequency,

duration).

In this application, using the residual was alsbideal because the components were
collected as categorical variables. Applying tegiduals to categorized data can cause bias
and is not equivalent to a continuous model (Bretwval. 1994). The residual method may
also underestimate error, as the variance estifra@tethe residual is not the same as the
variance estimate of the true component. Explattregresidual method using continuous

measures of physical activity (accelerometer daight be more applicable.
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Examining the effects of the components outside laboratory environment is
challenging. Epidemiologic studies are more lichite measuring energy expenditure
compared to a controlled, randomized trial envirenthwith an easily quantified “activity
prescription” (intensity, frequency, duration). €éra are also domains of activity and energy
expenditure that are not captured in our data dolyoccupational activity, transportation,
and child or elder care activity. A measure ofiMeigh intensity, or vigorous activity is also
not represented in our data. According to the acamdpm of activities a “very fast” or brisk
pace of walking does not qualify as a “vigoroustiaty (Ainsworth et al. 1993; Ainsworth
et al. 2000). There can be no comparison madedagtwigorous and moderate intensity in
these data. A number of studies have attemptedrtgpare walking with vigorous activity,
or compared moderate activities to vigorous actiwabut none of these have controlled for
level of energy expenditure (Hu et al. 1999a; Mansbal. 2002; Manson et al. 1999; Swain

& Franklin 2006).

Although the WHI observational cohort includes mé&number of minority women, the
study population is not representative of all ppsthiopausal women. Furthermore, the
majority of the women reported low levels of phyiactivity. Less than 20,000 women (28
%) reported any vigorous recreational activity.almore active population with higher
physical activity levels, controlling for energypenditure might have a greater influence on
the results than what was found in this study. ifdldally, all of the physical activity data
was self-report and therefore subject to seveesds including recall and responder bias.
The walking exposure information was also colle@eaategorical data, which may result in
misclassification, and although the reliabilitytbé walking components was moderate to

substantial, there is presently no data on theliglof this questionnaire.
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Despite the limitations of this study, the WHI ohsdional cohort comprises a large,
diverse sample of women with over 10 years of feillp information. Medical history and
event data have been rigorously verified. The gaysctivity questionnaire collected the
three components of walking activity separatelyglwith summary measures of physical
activity energy expenditure. This study remairesfitst analyses to examine the
independent effects of all three components of imglkwhile controlling for a measure of

energy expenditure.

G. CONCLUSION

Research on the health benefits of physical agthas been ongoing for decades, yet
the optimal prescription for disease prevention lagalth effects is still unclear. Additional
studies, including better measures of physicalagtand applying new methods of analysis
are required in order to understand the healthfiierieom different types of physical

activities or components of activity, such as freey, intensity, and duration.

Laboratory studies with controlled doses and prpsons of physical activity are one
way to test the effects of the components. Howe@demiologic studies provide
opportunities to examine patterns of the componewtsvity behaviors, and long-term health
outcomes that are not available in smaller, shéat®vratory trials. Energy adjustment
techniques to isolate the effects of the componeaNs not been widely used in physical
activity research. Further research into thesdaust and their application to different

guestionnaires and populations is needed.
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VIll.  CONCLUSIONS AND PUBLIC HEALTH IMPLICATIONS

Technological advances have significantly changediees over the last century. The
impact of these changes on behavior and chrongadesis not well understood. Public
health scientists have learned a great deal alwabic disease treatment. However, there is
considerably less information about the behavioas tause or prevent these diseases. For
example, the terms physical inactivity, physicahaty, and physical fithess are often used
interchangeably, but they are three different faskors with different determinants and
influences on health. Additionally, a standardigeefinition or term for sedentary behavior
or sedentarism has not yet found its way into tble f This dissertation attempted to

examine these aspects of human behavior.

With the increasing prevalence of many chronicakss (Mack & Ahluwalia 2003;
Pleis et al. 2006), physical activity research fagsdly expanded. Thirty years have passed
since the first recommendations were publishedrdagag physical activity (ACSM 1978).
Yet, the optimal prescriptive dose of activity @nsity, frequency, duration) for disease

prevention is still unclear (Kesaniemi et al. 2001)

As work on this dissertation was concluding, a grotiexperts met as part of a National
Physical Activity Guidelines Advisory Committee‘{p]rovide science-based
recommendations on the latest knowledge aboutigctind health”(Physical Activity
Guidelines Advisory Committee Meeting 2007). Hoeg very little research has been

conducted to guide this committee concerning thagive contributions of components of



physical activity. Even less research exists @rigks of spending the majority of the day
being sedentary, sitting, and lying down. The agerAmerican household watches over
eight hours of television each day (Nielsen Medeséarch, 2006). An immobile society has
evolved as a consequence of the vast televisiowiaed technologies combined with the
revolutionary changes in computer use. Therepieasing need for public health scientists
to examine the effect of these sedentary pursuitsup risk profiles and health (ACSM

2007; Spanier et al. 2006). At the most recent M@®nference there was a discussion of
the necessity for a sedentary behavior recommend@CSM 2007). But before a
scientific statement is made, we need a betterrstadeling of measurement, determinants,

and risks of these behaviors.

In the absence of a tool for sedentarism, telenigiatching has become a surrogate
measure. Using data from the ARIC study, we sbt@bescribe the associations between
television watching, physical activity, and diét baseline and six years follow-up, we
explored television watching and the risk of beimagctive or having an unhealthy diet.
Individuals who reported high exposure to telewisieatching were significantly more likely
to be inactive and have a more unhealthy diet lerofiThese results persisted longitudinally,
even when adjusting for the baseline associatiéngraded relationship between television
watching, physical activity, and diet behaviors waserved in all analyses. We found that
in this population of US adults, sedentary behavemuld have deleterious effects on other
chronic disease risk factors. It is the first studadults to provide evidence for the possible
displacement of physical activity by more sedentamsuits. This study also highlights the

need for better measurement tools.
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While development of a sedentary behavior toaligartant, it is equally crucial that
measurement of physical activity continue to imgro¥or this to occur, new or adapted
guestionnaires must be developed that preciselyaaagrately quantify multiple domains of
activity. Additionally, the measurement propertdgjuestionnaires can help us understand
patterns of behavior and how to improve questiaesai The second paper in this

dissertation examined the precision of the WHI ptajsactivity questionnaire.

The WHI physical activity questionnaire was tailbfer its audience of post-
menopausal women. It included information on ratomal activity and walking, as well as
yard and household physical activities. The messsaf moderate to vigorous physical
activity demonstrated moderate to substantialregsist reliability. The component questions
on intensity, duration, and frequency were als@abdy recalled by the women. On the other
hand, mild activities were reported with less psemi. This concurs with previous research
that has shown that activities of low intensity l®s memorable and prone to bias. This
finding has important implications for developmeht sedentary behavior questionnaire. If
activities of mild intensity are easily forgottehen completely sedentary, prevalent

behaviors may also be difficult to measure.

One very positive aspect of the WHI questionnaias the assessment of physical
activity with regard to the components of intensitgquency, and duration. All three
components of walking were collected separatelg, way that allows investigators to
explore the independent relationship of each waalth outcomes. Because the physical
activity recommendations for health (Pate et a@5)&re specific with regard to intensity,
frequency, and duration, it is vital to understémelrelative importance of each. Very little

research has been published on this topic (Kesamieah 2001). One reason is possibly
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because it is difficult to untangle the effect atk component from its contribution to total

or recreational energy expenditure.

The final paper of this dissertation explored salverethodologic approaches to this
problem. In separate standard multivariable nmyde¢ examined each component of
walking and risk of CHD with and without adjustifay energy expenditure from other
activities. Using a term for recreational activéyergy expenditure in a standard
multivariable model helped control for the extrergy expended from the higher intensity,
additional episode, or longer duration of a spea@ftivity. However, the component
(exposure) and energy expenditure (control) vaeiabkhis model were not completely

independent.

Higher intensity, or pace of walking, was consifiieand significantly associated with
decreased risk of CHD. This finding is consist&ith other cohort studies that have
attempted to examine intensity of walking or phgkgctivity. However, the majority of
these studies have ignored the additional energgrediture afforded by higher intensity.
The components of frequency and duration showedsadonsistent relationship with risk of
CHD. A weaker gradient was observed with thesedamponents, such that limited
evidence of a beneficial effect was observed wittrer duration and infrequent walking.
Significant risk attenuation was only seen in tighhst categories of both frequency and
duration. Furthermore, neither of the energy adjest techniques appeared to significantly
affect the conclusions. This analysis is the @@gdemiologic study to examine the
independent effect of intensity, frequency, andatlan of walking on a health outcome

while controlling for energy expenditure.
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It is unlikely that there is one “optimal” physicattivity recommendation that applies to
all populations. But it is vital that research toune on the independent relationships of the
components on health outcomes. Techniques toatdat energy expenditure need to be
applied to other populations and physical actigiygstionnaires. The current physical
activity recommendations have been controversmaesthey were published (Barinaga 1997;
Pate et al. 1995). Future recommendations nebd bmsed on better measures of these risk
behaviors and improved analytic methods. As puialth practitioners, we risk alienating
the public with drastic changes in recommendatmneessages without a scientific basis.
Exploration of the risks of sedentary behavior$tdvseneasurement tools, and detailed

assessment of physical activity will all contribtwemore robust health recommendations.
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IX.  APPENDICES

Appendix A. Reliability and validity of the Baeckephysical activity (PA) questionnaire

Reference

Population

Mean Values (SD)

Reliability

Validity

Baecke, Burema, Frijters
1982

Am J Clinc Nutr

36: 936-942

White, Dutch
Age 20-22, 25-27, 30-32

Dutch males
N=139

Dutch females
N=167

men

Work 2.6 (0.1)
Sport 2.8 (0.1)
Leisure 2.8 (0.1)

women
Work 2.9 (0.0)
Sport 2.4 (0.1)
Leisure 3.1 (0.0)

3 month test- retest*
Work 0.88

Sport 0.81

Leisure 0.74

(Older Dutch questionnaire)
Product-moment Correlation
coefficient:

men

Work 0.11

Sport —0.20

Leisure —0.29

women
Work 0.09
Sport —0.24
Leisure —0.18

Cauley, LaPorte, Sandler,
Schramm, Kriska

1987

Am J Clin Nutr

45: 14-22

White, US post-menopausal
N=255

Intervention women

Control women

Followup

Work 2.7 (0.5)
Sport 2.2 (0.7)
Leisure 3.1 (0.6)

Work 2.6 (0.4)
Sport 2.0 (0.7)
Leisure 2.7 (0.6)

None reported

Large-scale integrated (LSI)
activity monitor, worn on hip, 3
days, in counts per day —

Correlation coefficierit
Work -0.11

Sport 0.17

Leisure 0.20

Work 0.09
Sport 0.07
Leisure 0.16

! Undefined type of test or correlation
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Reference Population Mean Values (SD) Reliability Validity
Albanes, Conway, Taylor Energy-based validation
1990 White US men Spearman Correlation Coefficient
Epidemiology N=21 between total physical activity
1:65-71 age 28-55 Overall Baecke index (sum of work, index and:
Energy Intake Level (n) sport and leisure scores)
3257 kcal =7.5(0.4)
3257 (n=21) 0.38 Energy litake
2400-2800 kcal/day = 6.8 (0.7) 0.21 Energy intake — Resting
2400-2800 kcal/day (n=5) 3200 kcal/day =7.5 (0.7) Energy expenditure
3200 kcal/day (n=9) 3600-4000 kcal/day =8.1 (0.5)
3600-4000 (n=7)
Gretbeck, Montoye, N/A N/A Spearman rank order
1990 Male, US
MSSE N=30 Caltrac
22: Abstract #474, p. S79 Mean age 37 0.40
Daily physical activity record
0.53
Mahoney, Freedson Females, US N/A N/A Caltrac
1990 N=28 R=0.53
MSSE Aged 18-38
22: Abstract #475, p.S80 Work r=0.10
Sport r=0.46
Leisure r=56

Voorrips, Ravelli, Dongelmans,
Deurenberg, Staveren

1991

MSSE

23: (8) 974-979

White, Dutch Elderly
N=60 (29 for reliability, 31 for
validity study)

Aged 63-80
26 men
34 women

Mean total activity baseline

Men 11.0 (4.6)

20 day retest
Spearman’s
0.89

24-hr activity recall (3 times)
Spearman’s = 0.78

Pedometer
Spearman’s = 0.72
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Reference Population Mean Values (SD) Reliability Validity

Rauh, Hovell, Hofstetter, Pearson’s, 2 week Caltrac: on hip 1 weekday and 1
Sallis, Gleghorn retest weekend day

1992 Latino men and women Work 0.87 Work 0.42

Int J Epidemiol N=45 Work 2.2 (0.5) Sport 0.79 Sport 0.39

21(5): 966-71 Aged 18-55 (mean 33) Sport 6.0 (9.2) Leisure 0.25 Leisure 0.41

Leisure 3.5 (2.6)

Activity of subject as reported by
significant other:

Work 0.63

Sport 0.76

Leisure -0.05

Ainsworth, Jacobs, Leon,

Richardson, Montoye Mostly white, college-ED, US

Pearson 1 month test-

retest, age-gender

1993 N=75 adjusted
J Occup Med. Aged 23 -59 (mean 37) Men Work 1.7 (0.3) Work 0.74
35(10):1017-27. Women Work 1.8 (0.4)
27 Men
48 Women
Jacobs, Ainsworth, Hartman, Test-retest 1 month Age- gender adjusted correlation
Leon Men apart, age-gender coefficients
1993 Mostly white, college-ED US Work 1.7 (0.4) adjusted
MSSE N=78 Sport 3.1(0.9) Caltrac MET min-day
25(1):81-91 28 men Leisure 2.8 (0.5) Work 0.11
50 women Total 7.6 (1.3) Work 0.78 Sport 0.32
Sport 0.90 Leisure 0.01
Women Leisure 0.86 Total 0.19
Work 1.8 (0.4) Total 0.93
Sport 2.9 (0.9) VO,
Leisure 2.8 (0.5) Work 0.23
Total 7.5 (1.3) Sport 0.52
Leisure 0.26
Total 0.54
Four week history
Work 0.05
Sport 0.40
Leisure 0.28

Total 0.37
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Reference

Population

Mean Values (SD)

Reliability

Validity

Richardson, Ainsworth, Wu,
Jacobs, Leon

Int J Epid

1995

24(4):685-93.

Mostly white, college-ED, US
N=78
Aged 23 -59 (mean 37)

28 Men

50 Women

Men

Total leisure 2.95(0.61)
Sport leisure3.09 (0.92)
Non-sport leisure 2.81 (0.50)

Women

Total leisure 2.84 (0.68)
Sport leisure 2.85 (0.93)
Non-sport leisure 2.84 (0.56)

Pearson - 1 month test-Age-gender specific Pearson
partial correlation coefficients

retest, age-adjusted

Men

Total leisure: 0.92
Sport leisure: 0.92
Non-sport L: 0.88

Women

Total leisure: 0.90
Sport leisure: 0.87
Non-sport leisure:
0.86

48-hour Caltrac

Men

Total leisure: 0.24
Sport leisure: 0.34
Non-sport leisure: - 0.05

Women

Total leisure: 0.19
Sport leisure: 0.24
Non-sport leisure: 0.06

VO,

Men

Total leisure: 0.57
Sport leisure: 0.67
Non-sport leisure: 0.13

Women

Total leisure: 0.46
Sport leisure: 0.45
Non-sport leisure: 0.38

48-hour PA record
(Total MET min/day)
Men

Total L: 0.59
SportL: 0.58
Non-sport L: 0.37

Women

Total L: 0.33
SportL: 0.24
Non-sport L: 0.42
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Reference Population Mean Values (SD) Reliability Validity
Miller, Freedson, Kline Physical therapists N/A N/A Spearman rank
1994 N=33 Caltrac=0.32
MSSE Mean age 28 Corrected caltrac=0.40
26(3):376-82 7 men 7day recall=0.07
26 female 3 day recall=0.13
Caltrac Adjusted r2 from
regression
Caltrac = 0.46
Corrected = 0.54 (adjusted for
underestimation)
Canon, Levol, Duforez French men (white?) VO, max correlation
1995 N=264 Control Control
J Cardiovasc Pharmacol Aged 27-60 Sport index 2.24 (1.16) Sport 0.31
25 Suppl 1:528-34 Leisure index 2.89 (0.5) Leisure 0.09
195 control

69 intervention

Intervention
Sport index 2.29 (1.25)
Leisure index 2.70 (0.54)

Intervention
Sport 0.11
Leisure 0.089

Pols, Peeters, Bueno-De-
Mesquita, Ocke, Wentink,
Kemper, Collette

1995

Int J Epidemiol
24(2):381-8

Dutch men and women
N=126
Aged 20-70

64 men

62 women

Baseline scores 11/1991

Men

Work 2.6 (0.6)
Sport 2.7 (0.8)
Leisure 2.8 (0.5)

Women

Work 2.7 (0.5)
Sport 2.1 (0.7)
Leisure 2.6 (0.5)

Pearsons Correlation
coefficient

between ¥ and 2¢ (5
months)

between ¥ and &

(11 months)

Range 0.65-0.89

Three day activity diary
(Bouchard)

Pearsons correlation coefficient
between total index and mean
energy expenditure

0.56 for men

Cohen’s kappa 55.7% 0.44 for women

men
45.5% women
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Reference

Population Mean Values (SD)

Reliability

Validity

Pols, Peeters, Kemper, ColletteDutch women

1996
MSSE
28(8):1020-5

N=33
Aged 51-71 Mean total baseline
7.31 (0.93)

Pearsons correlation
coefficient

5 months — 0.82

11 months — 0.73

Pearsons correlation coefficients
Caltrac

r=0.22

Bouchard 3 day history
r=0.51

Philippaerts, Lefevre
1998

Am J Epidemiol
15;147(10):982-90

Flemish males (Belgian)
N=90
Aged 30-40

Test-retest Intraclass
correlation coefficients
Work 0.95

Sport 0.93

Leisure 0.87

Kappa
Work 0.69
Sport 0.61
Leisure 0.59

Philippaerts, Westerterp,
Lefevre

1999

Int J Sports Med 20(5):284-9

Flemish/Belgian males
N=19
Aged 40 yrs

Given baseline, day 7,
day 14

Doubly labeled water Pearson’s
correlation coefficient

ADMR (average daily metabolic
rate)

Work 0.37

Sport 0.46

Leisure 0.50

Total 0.68

PAL

Work 0.52
Sport 0.55
Leisure 0.22
Total 0.69




VST

Reference

Population

Mean Values (SD) Reliability

Validity

Philippaerts, Westerterp,
Lefevre

2001

Int J Sports Med 22(1):
34-9

Flemish/Belgian males
N=166
Aged 40 yrs

None

Work 2.3 (0.6)
Sport 2.7 (0.8)
Leisure 2.7 (0.6)
Total 7.7 (1.2)

Tracmor (triaxial accelerometer)
Pearson correlation coefficient

Work 0.26
Sport 0.37
Leisure 0.19
Total 0.47

VO2 max
Work 0.11
Sport 0.47
Leisure 0.28
Total 0.49

List of abbreviations in table

Kcal — kilocalories

Kcal/day — kilocalories per day

VO, — volume of oxygen consumption (milliliters of @en per minute per kilogram)
MET - metabolic equivalents of task
ADMR (average daily metabolic rate)




Appendix B. Ancillary television data on Baecke gastion with continuous measure of
television hours, data from Leuven, Belguim (Hulen2003)

Mean Hours of

E;izl;erical N Igeéizii%n 'R"Ag‘)'(mu”r‘n Median  25%ile, 75%ile
Never 7 2 3??35) 0,3.0 0.0 0.0,05
Seldom 29 (0.741,11).740) 0.4.0 10 05,10
Sometimes 138 (1,90,25.18) 0.3,5.0 20 1.5, 3.0
Often > (3.4?,'14.101) 1.0,6.0 4.0 25,50
Very Often 6 (2.62‘,1.2.56) 15, 8.0 4.0 3.0,7.0

Citation: M. Hulens, personal communication, M&p2
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Appendix C. ARIC physical activity and dietary variable quantification

Previous ARIC

Variable names -

Variable specification Coding used in analyses e s
Exposure
Television Likert: (1-never, 2- Categorical — dummy coding Visit 1 Baecke = #C28 —
Definition 1 seldom, 3-sometimes, “RPAAG7”
4-often, 5- very often)
Television Likert Categorical — dummy coding RPAAG7
Definition 2 Low (never, seldom)
Medium (sometimes)
High (often, very often)
Television Likert Dichotomized — RPAAG7
Definition 3 Often + very often
Never + seldom + sometimes
Outcomes
Sport physical Semi-continuous Categorical — dummy variables SPRT_I102 =#'s (19 + 110

activity Index

1 (low) to 5 (high)

+11 + 112)/4.

Work physical
activity Index

Semi-continuous

Categorical — dummy variables
1 (low) to 5 (high)

WORK_102 = #s[I1 + (6
S12)+13+14+15+16 +
17 + 18)/8.

Regular physical None Dichotomized FinalPA -

activity Inactive [1 hour per week, 10
Active months per year]

Fruit* None Continuous — diet quality Fruit —
Combined servings per day of apples, | [DTIA09 + DTIA10 +
pears, oranges, orange/grapefruit juice,| DTIA11 + DTIA12 +
peaches/apricots/plums, bananas and otHeTIA13 + DTIA14]
fruit
Categorical —
Tertile

Vegetables* None Continuous Veggie -
Combined servings per day of beans, | [DTIA15 + DTIA16 +
broccoli, cabbage/cauliflower or sprouts| DTIA17 + DTIA18 +
spinach, collards, greens, peas, squash| DTIA19 + DTIA20 +
sweet potatoes, beans or lentils and DTIA21 + DTIA22 +
tomatoes DTIA23 + DTIA24 +
(excludes white potatoes) DTIA25]
Categorical —
Tertile

Salty snacks* None Continuous Sltsnck —

Combined servings per day potato or cq
chips, French fries, or nuts

q
IbTIAS3 + DTIAS4 +
DTIA55]

Categorical —
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Variable

Previous ARIC

Coding used in analyses

Variable names -

specification derivations
Tertile
Sweets* None Continuous Sweet-
Combined servings per day chocolate | DTIA39 + DTIA40 +
bar/pieces, candy, pie, donuts, biscuits,| DTIA41 + DTIA42 +
pastry/Danish, cake/brownie and cookiesDTIA43 + DTIA44 +
DTIA45 + DTIA46 +
Categorical — DTIA47
Tertile
Sugared drinks* None Continuous [DTIA64 + DTIAG5]
Combined servings per day regular soda
and sugared fruit drinks
Categorical —
Tertile
Total kcal Continuous Continuous TCAL — derived in data
Energy intake in kilocalories
Categorical —
Tertile
Total fat Continuous Continuous TFAT- derived in data
Total fat in grams
Categorical —
Tertile
Covariates
Gend Categorical Dichotomized GENDER
ender Female
Male
Race Dichotomized Dichotomized RACEGRP1
White
African American
Age Continuous Continuous V1AGEZ1 — directly from
data
Smoking Categorical Categorical — dummy variables CIGTO1 — derived in data
Current smoker
Former smoker
Never smoker
Unknown
Employment Categorical Categorical — dummy variables HOMS55 + HOM57
— derived in data
Work2 None Categorical Work2
Currently employed
Unemployed
General Health Categorical Categorical — dummy variables HOMO09 — directly from

Condition

Excellent
Good

Fair

data
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Variable Pl sl Coding used in analyses Variable names -
specification derivations
4 — Poor
Race*Center Categorical Categorical — dummy vaesbl Directly from data
African-American Forsyth, NC
African-American Jackson, Mississippi
White Forsyth, NC
White Washington Co, MD
White Minneapolis, MN
Education Categorical Categorical — dummy variables ELEVELO2 — derived in
data

* Single food items combined together make up tieequality variables. Each food item has 9 potéémesponses from
the questionnaire which must be weighted in ordéransform them into servings per day.
The appropriate weighting is as follows:

Questionnaire Serving frequency Transformation/fregk Transformation freqg/day
A - (>6/day) 6/day 42/week 6/day

B - (4-6 day) 5/day 35/week 5/day

C - (2-3/day) 2.5/day 17.5/week 2.5/day

D - (1/day) 1/day 7lweek 1/day

E - (5-6/week) 5.5/week 5.5/week 0.79/day

F - (2-4/week) 3/week 3/week 0.43/ day

G - (1/week) 1/week 1/week 0.14/ day

H - (1-3/month) 0.5/week .5/week 0.066/ day

| - (almost never) O/week O/week 0
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Appendix D. Description and scoring of WHI phical activity questionnaire

| Question | Responses | Scoring
The following questions are about your usual phatsactivity and
exercise. This includes walking and sports.
Rarely or never 0 -- skip to #2
1-3 times each month 0.5 times
1. Think about the walking you do outside the horHew often do 1 tlme each week 1.0 t!mes
h - 2-3 times each week 2.5times
you walk outside the home for more than 10 minufiéisout . ’
stopping? (Mark only one.) 4-6 times e_ach week 5.0 t!mes
21oRpINg: ' 7 or more times each week 7.0 times
Less than 20 min. 15 min
. 20-39 min. 30 min
1c.)1uvl:/shl:3;:|yc\>;a\llﬁlk outside the home for more thamirutes do 40-59 min. 50 min
y y ) 1 hour or more 70 min
Casual strolling or walking (less than 2 miles anify 2.0 METs
Average or normal (2-3 miles an hour) 3.0 METs
1.2 What is your usual speed? Fairly fast (3-4 miles an hour) 4.0 METs
Very fast (more than 4 miles an hour) 5.0 METs
Don’t know 2.0 set to lowest MET intensity

Not including walking outside the home, how oftecte week 7
days) do you usually do the exercises below?

2. STRENUOUS OR VERY HARD EXERCISE (You work up a
sweat and your heart beats fast.) For examplebaedancing,
jogging, tennis, swimming laps.

None

1 day per week

2 days per week

3 days per week

4 days per week

5 or more days per week

0 — skip to #3
1 times
2 times
3 times
4 times
6 times
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Less than 20 min.

10 min

20-39 min. 30 min
2.1 How long do you usually exercise like this a& dime? 40-59 min. 50 min
1 hour or more 70 min
None 0 —skipto 4
1 day per week 1 times
3. MODERATE EXERCISE (Not exhausting). For exaeypl g g:y: p:; wggt g ::mzz
biking outdoors, using an exercise machine (lilstationary bike or 2 days per cek 1
treadmill), calisthenics, easy swimming, populafadk dancing. YS per w Imes
5 or more days per week 6 times
Less than 20 min. 10 min
20-39 min. 30 min
3.1 How long do you usually exercise like this a& dime? 40-59 min. 50 min
1 hour or more 70 min
None 0 --skipto 5.1
1 day per week 1 times
2 days per week 2 times
4. MILD EXERCISE. For example, slow dancing, bawi golf. 3 days per week 3 times
4 days per week 4 times
5 or more days per week 6 times
Less than 20 min. 10 min
20-39 min. 30 min
4.1 How long do you usually exercise like this a¢dime? 40-59 min. 50 min
1 hour or more 70 min

For each of the ages below, did you usually dastras or very
hard exerciseat least 3 times a we? This would include exerci:
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that was long enough to work up a sweat and make lyeart beat
fast. (Be sure to mark “No” if you did not do vérgrd exercises at
the ages listed below.)

No 0
5.1 18 years old Yes 1
No 0
5.2 35 years old ves 1
No 0
5.3 50 years old Yes 1
The next set of questions ask about some of yaual @tivities
Less than 1 hour 0
6. About how many hours each week do you usuatyndploing 1-3 hours 2.0 hours
4 X 4-6 hours 5.0 hours
heavy (strenuous) indoor household chores suctrablsng floors, 7.9h 80h
sweeping or vacuuming? -2 hours .J nours
) 10 or more hours 12.0 hours
Less than one month 0
7. About how many months during the year do yolaligao 1-3 months 3.0 months
things in the yard, such as mowing, raking, ganignor shoveling 4-6 months 5.0 months
Show? ' ! ' 7-9 months 8.0 months
’ 10 or more months 11.0 months
Less than 1 hour 0
1-3 hours 2.0 hours
7.1 When you do these things in the yard how manysieach 4-6 hours 5.0 hours
weekdo you do them? 7-9 hours 8.0 hours
10 or more hours 12.0 hours
Less than 4 hours 2.0 hours
4-5 hours 4.5 hours
8. During a usual day and nigiibout how many hours do you 6-7 hours 6.5 hours
9 - . o 8-9 hours 8.5 hours
spend sitting? Be sure to include the time youndsitting at work,
m . . S 10-11 hours 10.5 hours
sitting at the table eating, driving or riding ircar or bus, and
sitting up watching TELEVISION or talking 12-13 hours 12.5 hours
' 14-15 hours 14.5 hours
16 or more hours 16.5 hours
9. During a usual day and nigiitbout how many hours do you Less than 4 hours 2.0 hours
spend sleeping or lying down with your feet up? sBee to include | 4-5 hours 4.5 hours
the time you spend sleeping or trying to sleepgtithresting o 6-7 hours 6.5 hours




¢at

napping, and lying down watching TELEVISION

8-9 nsu
10-11 hours
12-13 hours
14-15 hours
16 or more hours

8.5 hours

10.5 hours
12.5 hours
14.5 hours
16.5 hours




Appendix E. Pearson correlations between total reeational physical activity energy
expenditure and walking components n=71,502

Total Recreational ~ Walking Walking Walking Walking
Physical Activity Total Intensity Frequency Duration
Total Recreational 1
Physical Activity
Walking Total 0.61 1
Walking Intensity 0.41 0.58 1
Walking Frequency 0.44 0.72 0.64 1
Walking Duration 0.44 0.70 0.66 0.62 1

Appendix F. Pearson correlations between walkingamponents stratified by tertile of
recreational physical activity energy expenditure §71,502

Walking Walking Walking
Intensity Frequency Duration
Tertile 1: 0 to 5 MET-hours per week (n=22854)
Walking Intensity 1
Walking Frequency 0.61 1
Walking Duration 0.72 0.56 1
Tertile 2: 5 to 16.2 MET-hours per week (n=24611)
Walking Intensity 1
Walking Frequency 0.46 1
Walking Duration 0.48 0.43 1
Tertile 3: 16.2 MET-hours per week (n=24037)
Walking Intensity 1
Walking Frequency 0.51 1
Walking Duration 0.51 0.50 1
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Appendix G. Test-retest reliability of the categoies for each walking component in the
WHI Measurement and Precision Study (n=569)

Walking Component Simple 95% ClI
Kappa
Walking Intensity (speed)
No walking 0.58 0.50, 0.67
Causal or slow walking 0.48 0.39, 0.57
Average or normal walking 0.46 0.38, 0.53
Fairly fast 0.60 0.52,0.70
Very fast 0.33 -0.02, 0.67
Walking Frequency
0 days per week 0.58 0.50, 0.67
1-3 times per month 0.23 0.12,0.33
1 time per week 0.18 0.07,0.30
2-3 times per week 0.36 0.27,0.44
4-6 times per week 0.47 0.38, 0.56
7 or more times per week 0.40 0.26, 0.56
Walking Duration
0 minutes 0.58 0.50, 0.67
0 — 19 minutes 0.40 0.31, 0.50
20 — 39 minutes 0.46 0.39, 0.54
40 — 59 minutes 0.45 0.34, 0.56
1 hour or more 0.63 0.50, 0.77
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Table H. Hazard ratios associated with a 10-poinihcrease in the residualized value of
each walking component and risk of coronary heart tsease n=71,502

Multivariable*
Hazard Ratio

(95% CI)
Walking Intensity residual (10 point increase) 0(@32, 0.59)
Walking frequency residual (10 point increase) q®e6, 0.97)
Walking duration residual (10 point increase) (@83, 0.98)

* Adjusted for age, region, general health stasospking, caloric intake, martial status, incomeyaadion, occupation, and race/ethnicity

Table I. Hazard ratios associated with the residu&ed value of each walking
component dichotomized at the mean and risk of corary heart disease n=71,502

Multivariable*
Hazard Ratio

(95% CI)
Walking intensity dichotomized at mean 0.82 (00@88)
Walking frequency dichotomized at mean 0.92 (00B99)
Walking duration dichotomized at mean 0.90 (0.887D

* Adjusted for age, region, general health stasusoking, caloric intake, martial status, incomeyaadion, occupation, and race/ethnicity
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Appendix J. Hazard ratios and 95% confidence intevals associated with walking
intensity, frequency, and duration and risk of cormary heart disease — crude,
multivariable, and total activity energy expenditure adjustment (recreational physical
activity, yard, and household activity) n=71,502

Multivariable* Energy**
Crude adjusted Adjusted
Hazard Ratio Hazard Ratio
(95% CI) (95% CI)
Walking Intensity
(speed)
No walking ref ref ref
Causal or slow walking 121 113 113
(1.08,1.35) (2.00, 1.26) (2.00, 1.26)
Average or normal 0.78 0.89 0.89
walking (0.71,0.87) (0.80, 0.99) (0.80, 0.99)
Fairly fast 0.48 0.66 0.65
(0.42,0.54) (0.57, 0.75) (0.57, 0.75)
Very fast 0.21 0.36 0.36
(0.11,0.40) (0.19, 0.68) (0.19, 0.68)
Walking Frequency
0 days per week ref ref ref
1-3 times per month 0.83 0.95 0.96
(0.73,0.95) (0.84, 1.09) (0.84, 1.09)
1 time per week 0.81 0.94 0.94
(0.70,0.94) (0.81, 1.08) (0.82, 1.09)
2-3 times per week 0.81 0.93 0.95
(0.72,0.90) (0.83, 1.04) (0.84, 1.06)
4-6 times per week 0.74 0.88 0.91
(0.66,0.83) (0.78, 0.99) (0.80, 1.03)
7 or more times per 0.62 0.76 0.80
week (0.52,0.73) (0.64, 0.90) (0.67, 0.96)
Walking Duration
0 minutes ref ref ref
0 — 19 minutes 0.92 0.98 0.98
(0.82,1.03) (0.88, 1.10) (0.88, 1.11)
20 — 39 minutes 0.80 0.93 0.94
(0.72,0.89) (0.83, 1.03) (0.84, 1.05)
40 — 59 minutes 0.60 0.79 0.81
(0.53,0.69) (0.69, 0.91) (0.70, 0.94)
1 hour or more 0.54 0.69 0.71
(0.44,0.65) (0.56, 0.83) (0.58, 0.88)

* Adjusted for age, region, general health statatial status, income, education, and race/ettynici

** Adjusted for Total activity energy expenditune¢reational, yard, household), age, region, géhegdth status, martial status, income,

education, and race/ethnicity
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