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Abstract

Burden of Inadequate Levels of Physical Activity inthe United States

By Susan A. Carlson

Despite the health benefits of physical activiggd than half of U.S. adults meet current
aerobic physical activity guidelines and almost-thied of adults are physically inactive.
Levels of physical activity inadequate to meet gliites (i.e., inactive and insufficiently
active) can be a substantial public health burdethe U.S.

The first article examined the association betwieadequate physical activity and health
care expenditures. Compared to being physicatiygdhe mean difference (after
adjusting for covariates and body mass index cay®@o annual health care expenditures
was $1248 (percent difference: 26.6%) for thosetine and $661 (percent difference:
14.4%) for those insufficiently active. Overdlll.5% of aggregate health care
expenditures were associated with inadequate pdilyesttivity. When adults who

reported any difficulty walking due to a health Iplem were excluded, the mean
difference for those inactive was $871 (percerfedéhce: 20.7%) and $504 (percent
difference: 11.7%) for those insufficiently activAfter this exclusion, 8.9% of health
care expenditures were associated with inadequmtaqgal activity.

The second article estimated the percentage okdsion- and anxiety-specific health
care expenditures associated with inadequate l\aitivity using both attributable
fraction (AF) and regression based (RB) approaché&g percentage of depression- and
anxiety-specific health care expenditures assatiaith inadequate physical activity was
significantly higher (21.2%) when using the RB aygwh than with the AF approach
(11.1%). Percentage estimates were higher whamiaekay depression and anxiety
separately with the RB approach (depression: 21a@fbety: 17.2%) compared to the
AF approach (depression: 13.2%, anxiety: 7.5%\dver, differences were not
significant.

The third article estimated the percentage of pterealeaths attributable to inadequate
physical activity. For adults age 40-69 and 70Ider, inactive (hazard ratio (HR) for
40-69: 1.24; 70+: 1.19) and insufficiently actiwuéis (HR for 40-69: 1.11; 70+: 1.12)
had an increased risk of mortality compared tovacaidults. Among adults age 25-39,
there was no association between levels of phyartality and mortality. Among adults
40-69, 10.1% of premature deaths in the U.S. wigrbated to inadequate physical
activity. Among adults 70 or older, 9.0% of deatlese attributed to inadequate physical
activity.
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Chapter 1: Motivation and Key Research Questions

Motivation

Regular physical activity is associated with impatthealth benefits including reduced
risk for premature death, cardiovascular diseasbgmic stroke, type 2 diabetes, colon
and breast cancer, osteoporosis, fall-relatedieguand depression; prevention of weight
gain; improved cardiorespiratory and muscular 88)e@nd better cognitive function (for
older adults). The2008 Physical Activity Guidelines for Americans (2008 Guidelines)
recommend for substantial health benefits, adulbsilsl participate weekly in at least

150 minutes of moderate-intensity aerobic acthatyleast 75 minutes of vigorous-
intensity aerobic activity, or an equivalent congtion? For additional and more
extensive health benefits, adults require a weeslyme greater than 300 minutes of
moderate-intensity physical activity, 150 minutésigorous-intensity physical activity

or an equivalent combination of the two.

Despite the health benefits of physical activiggd than half of U.S. adults meet the
minimal national physical activity guideline forrabic physical activity and almost one-
third of adults are physically inactive. Thesedswhave remained relatively stable over
the past decade Given the high prevalence of inadequate levelshgsical activity and
the health risks associated with it, inadequatelsesf physical activity can be a
substantial public health burden in the U.S. Thblig health burdens relevant to
physical activity include premature mortality, eoamic cost of medical care, inferior

physical and mental function, and deficient phylsizal emotional well-bein§®



The burden of current health-related behavior &edobtential savings of behavior
change can help policy makers justify health progdecisions and can form the basis of
economic, health care, and social reféfinSpecifically, information about the burden of
inadequate levels of physical activity in the UsSmportant for setting research, policy,
and program priorities; for use in cost effectivenanalyses; and for public health

planning and resource allocation purposes.

Key Research Questions

This series of studies will quantify the burdendisvof physical activity inadequate to
meet current guidelines have in the U.S. in terfreconomic costs and premature

mortality. The three topics and key research dqoestare:

1. Inadequate Physical Activity and Health Care Egenditures in the United States
» Are there measurable effects of physical actiwilgfihed using current
guidelines criteria) on health care expenditures #ine independent of
overweight or obesity?
2. Physical activity and Depression- and Anxiety48cific Health Care Expenditures
* What percentage of depression- and anxiety-spduwfadth care
expenditures in the U.S. are attributable to inadég) levels of physical
activity?
3. Inadequate Physical Activity and Mortality in the United States
* What percentage of premature deaths in the U.Satareutable to

inadequate levels of physical activity?
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Chapter 2: Background, Rationale, and Study Objedves

This chapter provides a background section for @athe three research topics. Each
section includes a summary of the literature andwhne of the current gaps in the
literature specific to the research topic. Finadlgich section concludes with a statement

of the study’s objectives.

Inadequate Physical Activity and Health Care Expendures in the United States

A number of studies have examined the influencesigly activity has on health care
expenditures:®® Many of these studies have estimated the costsimsed with physical
inactivity indirectly by applying population attukable fractions estimated from one or
more sources to aggregate cost estimates fromemsthrcé® These estimates can be
biased because estimates of risk, prevalence,@é@ate cost data are obtained from
different sources and confounding or effect modiflen may not be properly taken into
account as part of the population attributablevestion proceduré®’ Furthermore,

these studies are limited as they do not allovitferdirect examination of the association
between physical activity and health care expenestanor do they allow researchers to
examine the roles that other relevant variablesh s1$ adiposity level, play in this

association.

Studies that have directly linked physical actiabllected via questionnaires to

individual health care expenditure data have faimadl those who are physically inactive



have higher health care expenditures than thoseanghphysically activé’® However,
these studies have at least 3 limitations. Rinstmajority of studies have been limited to
select populations (e.g., enrollees or retireeselact health plans and a cohort of
Australian women aged 50-55) therefore potentigityting the generalizability of these
studies®* Second, some studies have estimated mean expesdity physical activity
level and have not adequately controlled for paddigtconfounding characteristic using
more advanced econometric methdd%™ Third, studies have assessed and defined
levels of physical activity in different ways andlpone study used measures of physical
activity that are directly related to levels recoemded in current guidelines for

substantial health benefit$!®

There are 2 studies whose findings can be rougilpted to levels of physical activity
as defined using current guidelines criteria. &ty of Australian women 50-55 years,
the percent difference in costs for women who veexdentary versus moderately-active
(a level consistent with current guidelines) was326™° In a second study of enrollees
40 years or older in a Minnesota health plan, ealdhitional ‘active’ day per week was
associated with a 4.7% decrease in cost. If weiden5 days of activity, this is about a
23.5% reduction compared with those who reportedays of physical activity*
However, given the specific populations studiedsthfindings may not be generalizable
to the U.S. population and therefore should naidedl to estimate the percentage of

health care expenditures associated with inadedgwndts of physical activity in the U.S.



Unlike physical activity, which is associated witbalth benefits, there are health risks
associated with being overweight or obese includiegeased morbidity related to
hypertension, type 2 diabetes, coronary heart siisestroke, gallbladder disease,
osteoarthritis, sleep apnea, respiratory problemg,some types of cancer (endometrial,
breast, prostate, and colofl) Studies have consistently shown that obese petsave

higher health care expenditures compared to noneiht person&01214.1520-25

The relationship between physical activity, adipgsand health is a complicated one.
Sufficient physical activity can contribute to trezluction of adiposity through the
prevention of weight gain and thereby influenceltheiadirectly through weight:?
Physical activity may also improve the health ofradividual directly through effects
independent of adiposity; thereby, making physacaivity beneficial to all, regardless of
adiposity level2?°?® Because many of the health risks associatedabi¢isity (e.g.,
hypertension, type 2 diabetes, coronary heart siésesdroke, colon cancer) can be
reduced by physical activity through mechanismepahdent of weight, the question is
whether the magnitude of the influence of physaddivity on health is the same
regardless of an individual's adiposity level andvhat extent physical activity can

counterbalance the health risks associated witbityde>*>°

Previous studies that have examined whether adiyples’el moderates the relationship
between physical activity and health care expenetthave mixed resultg®?* For
example, one study suggested the influence of palyactivity on health care

expenditures was most pronounced among obese gestule another study reported



the influence did not differ significantly by adiity level®'* Because these studies
have been limited to select populations (e.g., l3@e or retirees in select health plans
and a cohort of Australian women aged 50-55) threegdizability of these studies is also
limited. Due to the inconsistent findings and lingted populations studied, these
studies have not provided a definitive answer aghether the association between

physical activity and health care expendituresidependent of adiposity level.

There are two main research gaps the first studyisnseries will address. First, no
study of the U.S. population has examined the @aisoc between physical activity and
health care expenditures when physical activiggeined using current guidelin&$.
Second, the question of whether the associatiomdset physical activity and health care

expenditures is modified by adiposity level hastgdbe fully addressed in the literature.

The objective of the first study is threefold. Tiret aim is to examine the influence
physical activity (as defined by current guidelieigeria) has on health care
expenditures in the U.S. The second aim is to ex@mhether overweight and obesity
modifies the association between physical acti@wel and health care expenditures.
The third aim is to estimate the percentage of tegalth care expenditures associated

with inadequate levels of physical activity in tHeS.

Physical activity and Depression- and Anxiety-Spefic Health Care Expenditures

Mental health conditions impose an emotional andrfcial burden on individuals and

their families. Beyond the medical resources spantare, treatment, and rehabilitation,



poor mental health is also associated with highéiréct costs due to reduced or lost
productivity®® Depression and anxiety are the two most comma@ggrted mental
health conditions. Among U.S. adults, depressasan annual prevalence of 99%

and estimates of the annual prevalence of anxéetye from 10.6% to 18.18%

Physical activity has been shown to lower the ofkoth depression and anxiety.
Population-based prospective cohort studies prosutbstantial evidence that regular
physical activity protects against the onset ofrdsgive symptomS. Studies have

shown, compared to inactive adults, the odds oinlgastepressive symptoms were 15 to
25% lower among physically active adiifswhen using a clinical diagnosis to measure
depression, the odds of developing depression @#sl8wer for adults who were

physically active compared to those inacfiVe.

Evidence for the association between physical éigtand anxiety is limited; however,
some evidence suggests that regular physical gcpivotects against the onset of anxiety
disorders and symptori5.One previous U.S. study found that regular ptajsictivity
(defined as reporting ‘regularly’ when asked hotenfthey get physical activity)

reduced the odds of a generalized anxiety disdrgabout 24% when compared to not

regularly active’

Studies have also shown that physical activitymag an important role in the treatment
of depression and anxiety by reducing symptoméetbondition among adults with

depression or anxiefy:*” Studies have found that exercise compares falyorab



pharmacotherapy as a treatment for mild to modelgpeession and has also been shown
to improve depressive symptoms when used togetttiepiarmacotherapy.

Reductions in anxiety from exercise training hagerbfound comparable to other
treatments for panic and generalized anxiety dexsrdsuch as pharmacotherapy,
relaxation therapy, and cognitive therdpyA previous meta-analysis concluded that
exercise training can serve as an alternative plyeha patients with social anxiety
disorder, generalized anxiety disorder, and obgessbmpulsive disordéf. Given the
evidence supporting physical activity as a treatneéadepression and anxiety
disorders’>*it is plausible that participation in physicaliaity can decrease treatment
cost among adults with depression and/or anxiétys has not been previously

examined in the literature.

It is likely that inadequate levels of physicaligity are associated with a substantial
percentage of depression- and anxiety-specifidineare expenditures, given physical
activity’s role in the development and treatmentiepression and anxiety>*=’
Previous studies found that physical activity isaasated with increased overall health
care expenditures among adults with symptoms ofesson or mental disordeis®

No previous study, however, has estimated whaepéage of depression or anxiety-

specific expenditures are associated with levelshgsical activity inadequate to meet

current guideline&®

There is one previous study that estimated 12%epfabssion- and anxiety-specific health

care expenditures were associated with irreguldnactive levels of physical activity
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among adults enrolled in a major health plan iniipte® This study has some
limitations. First, the prevalence of the physiaetivity levels for the state of Minnesota
were used (25% inactive, 49% irregularly activepasg of the estimation procedure.
The epidemiological formula used in the estimapoocedure calls for the prevalence of
physical activity levels among those with the cdiodi and using the prevalence for the
overall population may result in an underestimatiosecond, the relative risk that was
used was based on a report that estimated sed@etaple were 1.3 times as likely to
experience depression compared to active péBpBased on this estimate, authors used
a relative risk of 1.3 for inactive and 1.1 for theegular active level for a combined
depression and anxiety outcome. Given the linoitein the prevalence and risk
estimates used in the calculation and the spdgifadithe population, it would not be
appropriate to assume these findings accuratelygyowhat percentage of depression-
and anxiety-specific health care expenditures sse@ated with inadequate levels of

physical activity in the U.S.

Two approaches can be applied to estimate the egorburden of inadequate physical
activity associated with depression- and anxiegefr spending. The attributable
fraction approach uses an equation to combineanskprevalence estimates to calculate
the percentage of depression and anxiety assoaiatiedhadequate levels of physical
activity.***? The attributable fraction approach then appliés percentage to estimates
of aggregate condition-specific health care expenel to estimate the amount of
depression and anxiety-specific health care experedi associated with inadequate

levels of physical activity* The major limitation of the attributable fractiapproach is
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that only physical activity’s influence on the pegase of depression and anxiety is
accounted for and this approach does not accoumitfether the cost among those with

depression and anxiety differs by physical actilatyel.

A regression based approach is another approathahde applied to estimate the
economic burden related to inadequate levels o$iphlactivity. The regression based
approach requires individual level data on physacdilvity and health care expenditures.
This approach then uses regression analysis toastimodels of health care
expenditures. Using these models, the regressisedbapproach compares health care
expenditures among people of different physicalagtievels and then estimates the
percentage of health care expenditures associatednadequate levels of physical
activity. This approach captures the influencelofsical activity on whether an
individual has depression or anxiety and the apsteiat the depression or anxiétylf
there is a positive association between inadedaagds of physical activity and the cost
to treat depression or anxiety then a regressiesaapproach will produce higher
estimates than an attributable fraction approadch@percentage of health care
expenditures associated with inadequate levelfiydipal activity. The magnitude of the
difference will depend on the strength of the asdmn between inadequate levels of

physical activity and the cost to treat depressioanxiety.

The second study of this series will address twesga the literature. First, no study has
estimated the percentage of depression- and arsetsific health care expenditures

associated with inadequate levels of physical dagt{as defined using current
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guidelines). Assessing the percentage of the dsjamre and anxiety-specific
expenditures attributable to inadequate levelshgbjzal activity is important for setting
research and policy priorities overall and spealficfor programs addressing these
conditions. Second, it is not clear how estimafedepression- and anxiety-specific
health care expenditures associated with inadedenaés of physical activity compare
when an attributable fraction approach versus eessgpn based approach are applied.
Attributable fraction and regression based appresiane often applied by different
disciplines and understanding how the two relatebmimportant when examining and

comparing policy analyses related to cost and cmstrol

The objective of the second study is to examine leisure-time aerobic physical
activity relates to the presence and amount otheake expenditures specific to
depression, anxiety, and the two conditions contirighis study will apply and
compare 2 approaches, the attributable fractionregieéssion based approach, to
estimate the percentage of depression- and anspetgHic health care expenditures

associated with inadequate levels of physical agtin the U.S.

Inadequate Physical Activity and Mortality in the United States

Regular participation in physical activity prevettie development of premature death.
Studies have found that compared to those inadtieee is a 20-30% lower risk of dying
for active individuals during follow-up period.Current guidelines recommend for
substantial health benefits adults participate Weiekat least 150 minutes of moderate-

intensity aerobic activity, at least 75 minutewigiorous-intensity aerobic activity, or an
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equivalent combinatiolf Population levels of physical activity inadequiteneet

current guidelines can place a burden on the Wfulation for premature mortality.

The population attributable fraction (PAF) provigesestimate of the proportion of
premature deaths that could be averted if inacniasufficiently active individuals were
physically active at levels consistent with currguidelines.’” The PAF provides policy
makers with useful quantitative estimates of thielipthealth burden of inadequate levels
of physical activity and the potential effect obgrams aimed at increasing physical
activity in the U.S* This information can be important for settinge@sh and program

priorities, and for public health planning and nese allocation purposes.

Studies have estimated the PAF for physical inagtissing an equation that combines
risk estimates from one source with prevalencenesés from another sourte***’
Combining risk estimates across different souregstsas results for three reasons. The
first reason is the biological and socio-demograghiaracteristics vary between sample
populations and therefore it may not be appropt@tgply the risks calculated from one
population directly to another populatith A second reason is physical activity can be
measured and defined in different ways acrossesudDften, the physical activity
measure used to generate prevalence estimatesaid ba one measure of physical
inactivity and these are matched loosely with askmates from a single study or a
combination of studies in the literature that udétrent measures of physical
inactivity.***" Depending on how well the measures match, thiease a bias in either

direction. A third reason is that to estimate Bi#d=, adjusted measures of risk are often
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used. While it is important to use risk estimdteg have controlled for potentially
confounding factors, when using adjusted risk este® the prevalence of physical
activity among the cases is needed; however, bedaissestimate is often not available
prevalence estimates among the entire populatiéth&or without an adjustment

facto**) are used. This can also bias estimates in aiihection.

Estimating the PAF from a survival analysis conddah a single population can
overcome these biases. And if the source popul&ioationally representative, the PAF
will accurately estimate the burden of inadequatels of physical activity in the U.S.

To date, no study has estimated the PAF for inaatedevels of physical activity (using
criteria based on current guidelin€€yom a survival analysis of a nationally-
representative sample. One prospective study attrthat 10.9% of deaths were
attributed to being physically inactive versus using data from the National Health and
Nutrition Examination Survey linked with mortalitata’® However, this study did not
use criteria based on current guidelines to caieg@hysical activity level$ When
estimating the public health burden of inadequeels of physical activity, it is
important to examine physical activity levels catsint with current guidelines and

health objectives in the U8

In addition, no study has estimated the PAF wheividuals are categorized into three
physical activity levels (i.e., active, insufficiiynactive, and inactive). Categorizing
individuals into three levels allows for the exaation of the burden of inactivity as well

as levels of activity above inactive but at levaiufficient to meet current guidelines.
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The ability to separately examine the contributioese different levels of inadequate
physical activity (i.e., inactive and insufficiepthctive) have on the percentage of
premature deaths can be important for public hgd#thning and resource allocation
purposes. Programs targeting adults who are icgeritly active versus inactive may be
different and knowing the burden associated witthdavel can be valuable for public

health planning and resource allocation.

Finally, there is one issue related to the riskwaltion used to estimate the PAF that has
not been fully addressed in the literature. Culyehe evidence of the association
between physical activity and mortality comes frstandies that have focused on middle
aged subjects. The few studies that have examined the influ¢haeage across the
adult lifespan has on the association between palyactivity and mortality have
suggested that the association gets stronger méteasing agg->* It is desirable for

this differential risk by age to be included astdithe estimation process of the
attributable burden and therefore it is necessahatie age-specific models that can be
used to calculate age-specific PAfsOne European study with forty-two years of
follow-up found the PAFs for physical inactivity veerelatively consistent across age
groups ranging from 7.3 for those age 20 to 44.1df@& those 65 and ovat. However,
this study used a crude measure of physical agfiaiy versus none) and it is unclear
how the PAFs would vary by age group if a meastighgsical activity that matches

current guidelines was used.
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This study will address two gaps in the literatuFerst, the most accurate estimates of
the PAF for the overall U.S. population requiresationally-representative, prospective
study of physical activity and mortality. To dat®, study provides estimates of the PAF
for inadequate levels of physical activity in theSU(defined using current guideline
criteria) calculated directly from such a sampBecond, the question of how the
association between physical activity and mortalitg thus estimates of the PAF vary by

age group has not been fully addressed in thaliies.

The objective of the third study is two-fold. Thest aim is to examine the influence
physical activity level (defined using current gelides criteria) has on mortality in a
sample that is nationally representative of the. gdpulation and to examine this
association by age group. The second aim is toassdts from the survival analysis to
directly estimate the percentage of deaths atalidatto inadequate levels of physical

activity (i.e., inactive and insufficiently active) the U.S.
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Chapter 3: Guiding Theoretical Frameworks

This chapter provides a description of the guidhmgpretical framework for each of the
three studies. For the first two studies that erarthe association between physical
activity and health care expenditures (overall depression- and anxiety-specific), |
have drawn on Grossman’s Human Capital model asdely For the third study that
examines the association between physical actwitypremature mortality, | have drawn

on the Determinants of Health model as a gaide.

Inadequate Physical Activity and Health Care Expendures in the United States

The focal relationship examined in this study igbal activity and its influence on
health care expenditures. To guide the framewarkhis analysis, | have drawn on an
implication from Grossman’s Human Capital motidh Grossman’s model, individuals
maximize an inter-temporal utility function of cororities and health, where health
exhibits both consumption value and investmente/atubject to time and budget
constraints. Individuals are endowed with an ahitiealth stock which depreciates each
period due to not only the ageing process buttalsmhealthy behaviors (e.g., poor diet,
smoking, and alcohol use). Individuals can makathenvestments each period through
combining inputs such as medical care and heattimpting behaviors, which allow

them to choose their optimal health stock.
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An implication arising from Grossman’s model istth@dical care inputs and time
participating in health promoting behaviors aressiiltes, since each activity contributes
to achieving the desired end of hedltRhysical activity has been well established as a
health promoting behavidr.The health benefits of physical activity are numos and
include reduced risk of cardiovascular diseaségstc stroke, type 2 diabetes, colon
and breast cancer, osteoporosis, fall-relatedieguand depression; prevention of weight
gain; improved cardiorespiratory and muscular 88)e@nd better cognitive function (for
older adults¥. In my first study, | examined the focal relatibisbetween participation

in physical activity in a previous period to subseqt medical care inputs measured as
overall health care expenditures. The purposhisfstudy was to determine if these two

components are inversely associated as the thearéamework implies.

Since decisions are shaped by preferences, whilgh dcross people, | included in the
model individual characteristics. Individual chateistics that are likely to influence
both participation in physical activity and overadlalth care expenditures were selected.
Individual characteristics included were: sex, agee/ethnicity, education level, marital
status, region of residence, income level, andthéa$urance coverag€. | also

included in the analysis an indicator of cigarstteoking. The presence of this unhealthy
behavior may mediate the focal relationship giwsrassociation with physical activity
and health care expendituf®s.Therefore, | modeled health care expenditures as
function of the previous time period’s physicaligity and relevant individual

characteristics:
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Overall health care expenditures = f (physical activity, age, sex, race/ethnicity,
marital status, region, education, income, health insurance coverage, smoking

status)

My first study also examined if adiposity levelrasasured by body mass index (BMI)
category (i.e., normal weight, overweight, or ohes@ moderator of the relationship
between physical activity and health care expenghtu Higher levels of adiposity will
negatively influence an individual’s heafthiThis will result in the depreciation of an
individual's health stock; therefore, the quest®mwhether physical activity will offer

the same marginal returns given this depreciatfdrealth stock or if those with the most
depreciated health stock (i.e., obese personsewpérience greater marginal returns. If
the marginal returns for the physical activity iatraent differ by adiposity level, this will
imply that the magnitude of the association betwggysical activity and health care
expenditures will also differ by adiposity leV&f*!

The first study examined the role that BMI categalays in the association between
physical activity and health care expendituresrajuding in the function an interaction
term between BMI category and physical activityelevThis interaction term allowed the
influence of physical activity to vary by BMI catey and thereby accounts for potential

differences in marginal returns by BMI category.
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Physical activity and Depression- and Anxiety-Spefic Health Care Expenditures

For my second study, the focal relationship exadhinas the association between
physical activity and depression- and anxiety-dpehbealth care expenditures. | used

the same framework to guide this analysis as wed fg the first study.

Similar to the first study, | focused on physiceliaty as the health promoting behavior.
Physical activity has been shown to lower the ditkoth depression and anxiéty.
Studies have also shown that physical activitymag an important role in the treatment
of depression and anxiety by reducing symptoméetbondition among adults with
depression or anxiety:* Given physical activity’s beneficial influence dre risk and
treatment of depression and anxiety, participaiigphysical activity can promote
positive mental health. For this study, medicaéaaputs were specific to mental health
and were measured as depression- and anxietyisgeedith care expenditures. The
purpose of the second study was to determine ffggaation in physical activity (i.e., the
health promoting behavior) and depression- andesyrsipecific health care expenditures
(i.e., the medical care input) are inversely asdedi as the theoretical framework

implies?

To capture differences in individual preferencescluded in the model demographic
characteristics that are likely to influence paption in physical activity, health care
expenditures, and the reporting of depression arahxiety. Individual characteristics
included were sex, age, race/ethnicity, educagwesl| marital status, region of residence,

income level, and health insurance coverage:*® | also included in the analysis two
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indicators of unhealthy behaviors, cigarette smgland body mass index (BMI)
category, as these behavioral indicators may methat focal relationship. Therefore, |
modeled depression- and anxiety-specific healta eapenditures as a function of the

previous time period’s physical activity and relevandividual characteristics:

Depression- and anxiety-specific health care expenditures = f (physical activity,
age, sex, race/ethnicity, marital status, region, education, income, health

insurance coverage, smoking status, BMI category)

Inadequate Physical Activity and Mortality in the United States

The Determinants of Health model was used to giiddramework for the third study.
The Determinants of Health model contains multipieels that influence an individual's
health. Levels of influence include: individualacacteristics, lifestyle factors, social
and community influences, living and working coratis, and finally general social,

socioeconomic, cultural, and environmental condifo

For the third study, the focal relationship thakhmined was physical activity and its
influence on premature mortality. When applying gwyding theoretical framework, |
defined health at the extreme, i.e., prematurehdelafiocused on the first two-levels of
the Determinants of Health model as predictorsiwithy model. The first level of the
model includes characteristics that cannot be atdhadpout the individual. Given the

focal relationship, individual characteristics tha¢ strongly associated with physical
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activity were selected for inclusion. Characté&ssincluded: sex, age, race/ethnicity,
and education lev8l.The second level of the model includes lifestgietors. Within the
second level is the primary independent variablégneffocal relationship (i.e., physical
activity). Additional indicators of lifestyle faots that were selected for inclusion were
those that may mediate the focal relationship achlide: hypertension, BMI category,
and smoking status. Therefore, | modeled premateia¢h as a function of physical
activity at baseline, relevant individual charaistiics at baseline, and indicators of

potentially confounding lifestyle factors at baseli

premature death = f (physical activityg, sex, ages, race/ethnicity, education

levelg, hypertensiong, BMI categoryg, smoking statusg)
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Abstract

Objective. Estimate direct health care expenditures assatigith levels of aerobic
physical activity inadequate to meet current gui.

Methods. Merged adults’ leisure-time aerobic physicalaist data from the National
Health Interview Survey (2004-2009) with healthecakpenditure data from the Medical
Expenditure Panel Survey (2006-2010). Calculatedhal mean differences in health
care expenditures comparing inactive (i.e., naleigime physical activity) and
insufficiently active adults (i.e., some physiceliaty but not enough to meet
guidelines) with active adults (i.ex,150 minutes/week moderate-intensity equivalent
activity) using a four-part econometric model.

Results. Compared to being physically active, the meéfieince (after adjusting for
covariates and body mass index) in annual heafthexgenditures was $1248 for
inactive adults and $661 for insufficiently actaéults. Overall11.5% of aggregate
health care expenditures were associated with quade physical activith/When adults
who reported any difficulty walking due to a hegttioblem were excluded, the mean
difference for inactive adults was $871 and themditierence for insufficiently active
adults was $504. After this exclusion, 8.9% ofraggte health care expenditures were
associated with inadequate levels of physical agtiv

Conclusion. Inadequate physical activity is associated witigaiBcant percentage of

health care expenditures in the United States.
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Introduction

Regular physical activity is associated with impatthealth benefits, including reduced
risk for premature death, cardiovascular diseasbgmic stroke, type 2 diabetes, colon
and breast cancers, fall-related injuries, andetspon: Current guidelines for aerobic
physical activity recommend that, for substantedlth benefits, adults should participate
weekly in at least 150 minutes of moderate-intgres#robic activity, at least 75 minutes
of vigorous-intensity aerobic activity, or an ecalent combinatioi. Despite the health
benefits, fewer than half of U.S. adults meet theimmal guidelines for aerobic activity

and almost one-third of adults are physically iiect

Studies show an individual’s physical activity leaéects health care costs, but these
studies have limitations in their measurementsapmtoache$’® Many studies estimate
health care costs for physical inactivity using ylagion-attributable fraction approaches
that combine risk, prevalence, and aggregate stist&es from unlinked sourcé&s.
Costs calculated from unlinked sources can be didiske characteristics of the source
populations differ or if measures of physical imaty differ across sources. Studies
using individual physical activity data linked tedith care expenditure data overcome
many of these limitationS*® However, existing studies using linked data aisee
limitations, such as selected study populatiditd)ack of adequate control for

g,13,18
)

confounding characteristi¢ and measures of physical activity that do not matc

current guideline$® #1418 No study estimates the percentage of healtheogrenditures
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in the United States associated with inadequatddenf aerobic physical activity defined

using current guidelines criteria.

Studies have consistently shown that obese petsoreshigher health care expenditures
than normal weight persons:**92! physical activity may influence health care
expenditures indirectly through the prevention efght gain® however, physical activity
may also reduce health care expenditures dirdutbugh effects independent of
weight!*® Therefore, it is important to examine the rolettbeing overweight or obese
plays in the association between physical actaitgt health care expenditures. This
association has not been examined in a large,nalyorepresentative sample of U.S.

adults.

Using linked data, this study examines the assoai@f leisure-time aerobic physical
activity (defined using current guidelines) andltfeaare expenditures in a nationally
representative sample of U.S. adults. In additibis, study estimates the percentage of
overall health care expenditures in the non-instinalized U.S. population associated

with levels of physical activity inadequate to meetrent guidelines.

Methods

Data
Data from the National Health Interview Survey (M (2004-2009) and the Medical

Expenditure Panel Survey (MEPS) (2006-2010) weregatkat the individual level. The
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NHIS is a multistage probability sample survey o$lUhouseholds conducted annually.
Data on physical activity are collected during slaenple adult interview. The MEPS
uses the same sampling frame as the NHIS. Resptnidlem the previous 2 years of
NHIS are included in each MEPS year. MEPS respmatss for our study years range
from 56.9% (2007) to 59.3% (2008). Additional infation about the design of the

NHIS and the MEPS are described elsewlgfe.

Measures

Physical activity level. In the NHIS, adults were asked how often andpiflicable, the
duration during leisure-time they participated dteast 10 minutes at a time, in

1) vigorous-intensity activities (i.e., heavy swegtor large increases in breathing or
heart rate) and 2) light- or moderate-intensityvaats (i.e., light sweating or slight to
moderate increases in breathing or heart rateye®an current guidelinés, minute of
vigorous-intensity activity was counted as 2 misuté moderate-intensity activity to
calculate minutes of moderate-intensity equivasenivity. Respondents were classified
into three physical activity levels using currentdglines: 1) active, if they reported at
least 150 minutes/week of moderate-intensity edentgphysical activity; 2)
insufficiently active, if they reported some phyadiactivity but not enough to meet
guidelines; 3) inactive, if they reported no leistime physical activity. Adults who

reported being unable to do physical activity wexeluded (n = 906).

Body mass index category. Body mass index (BMI) was calculated using selfrégd

weight and height collected during the NHIS intewiand was categorized as normal
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weight (18.5 kg/rh- <25 kg/nf), overweight (25 kg/f+ <30 kg/nf), and obese>E0
kg/m?).?* We excluded underweight (BMI < 18.5 kdjnadults because of small sample

size (n = 647).

Health care expenditures. A continuous variable of yearly total direct hieaare
expenditures from all payers was calculated. Térsdhal Health Care Expenditure

Price Index was used to adjust all expenditure0fd dollars™

Statistical Analysis

To capture the skewed nature of health care expegrdiata, a Rand four-part regression
model was usetf*® Two logit models predicted the probability of ey a non-zero
health care expenditure and, among those with iiy@health care expenditure, having
a positive in-patient expenditure. Two generalizedar models with a log link and
gamma distribution predicted total health care exgeares separately for adults with a
positive health care expenditure but no in-patexptenditure and for adults with a
positive in-patient expenditure. We used modifkedk tests to determine the appropriate
distribution specification for the generalized Bnenodels”?® Predictions from the
four-part model were combined to generate predibtadth care expenditures for each
individual. To examine overall model fit, we regsed prediction errors from each four-
part model on the distribution of predicted exp&umnais in deciles and on each
independent variable. We found no systematic ihffees between reported

expenditures and model predictions.
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We first compared inactive adults to active adbitcalculating the mean and percent
difference in health care expenditures. To cateulae mean difference in health care
expenditures, we subtracted the mean of prediaattthcare expenditures for inactive
adults with the inactive variable set to O (i.@s if’ the individual was active) from the
mean of predicted health care expenditures fotiveadults with the inactive variable
setto 1 (i.e., “as is’§*?° The percent difference was estimated by dividirgmean
difference between health care expenditures fartiveadults compared to active adults
by the mean predicted health care expenditurenotive adults “as if” the individual
was active. The percentage of aggregate healthesgrenditurefor inactive adults was
calculated by dividing the sum of differences ialbie care expenditures for inactive
compared to active adults by the total predictqueexitures for all adult®?® This

process was repeated for insufficiently active tsdul

Three models were estimated. Model 1 included ipblactivity level and covariates
(i.e., sex, age group, race/ethnicity, census regrarital status, education, poverty
level, health insurance status, smoking statusMIEBS year). Model 2 added BMI
category. Model 3 added an interaction term betvdg/sical activity level and BMI

category.

Though we had excluded those who reported beinglena do physical activity, we
wanted to address the concern that inactive offfia@ntly active adults might have
health problems that would keep them from parttongain physical activity and increase

their expenditures. So, we conducted a sensitanglysis that excluded additional
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subgroups such as adults who reported at the tirtileedNHIS interview (i.e., baseline)
ever having had a heart attack or stroke; needigwith getting in/out of bed or chairs,
using the toilet, or getting around the home; asimg difficulty walking because of a
health problem. In addition, we excluded adult®wlied during the MEPS survey year

or who were greater than or equal to 80 years ef ag

We applied statistical weights and used balanceéated replication to produce
estimates representative of the civilian, non-togbnalized U.S. population and to
account for the complex sample design. In the Nidifly one sampled adult per
household is asked questions about physical acavitl we adjusted MEPS person-year

weights to account for this samplify.

Results

The analytic sample included 41 992 adults agee2®syor older and excluded those who
were pregnant during the MEPS year, were undenwegigtwho reported being unable to
do physical activity. From 2006-2010, the averangal annual health care expenditures
per year were $1.02 trillion for this sample wegghto the U.S. population. The

majority of the sample was white non-Hispanic, nearhad some college education or

was a college graduate, and had some private msei@verage for the year (Table 4.1).

Over one-third of adults were inactive, 19.9% wiesaifficiently active, and 45.1% were

physically active (Table 4.1). Physical activiigried significantly (adjusted Wale
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value < 0.01) by sex, age, race/ethnicity, edundgwgel, marital status, census region,

poverty level, insurance status, smoking status| &egory, and MEPS year.

After adjusting for the main covariates (Model Bple 4.2), the mean annual
expenditure difference per capita for inactive tslabmpared to active adults was $1372
(percent increase: 30.0%) and for insufficientlineccompared to active adults was
$788 (17.6%). After including BMI category as ar&oate (Model 2, Table 4.2), the
mean annual expenditure and percent differencméative adults ($1248, 26.6%) and
insufficiently active adults ($661, 14.4%) decrehskghtly but remained significant.
After including an interaction term in for physicadtivity by BMI category (Model 3,

Table 4.2), overall estimates were similar to ressfdr Model 1 and 2.

The percentage of aggregate health care expergldssnciated with inadequate levels of
physical activity (i.e., inactive and insufficiepthctive) was 12.9% and remained
significant after adjusting for BMI (11.5%, Table2ft After adjusting for BMI (Model

2), an estimated $118 billion (95% CI: $76 billié1,60 billion) of health care

expenditures per year were associated with inadedenels of physical activity.

To examine whether there was an interaction betygsical activity and BMI,
estimates of mean expenditure difference (comparadtive) and percent difference
were compared for each BMI category using two nmd®&lodel 2 included covariates,
physical activity, and BMI category. Model 3 addedinteraction term between

physical activity and BMI category. No significatitferences were found between
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estimates from Models 2 and 3 by BMI category (€abB). Estimates from both
models showed the mean expenditure differencenfmtive and insufficiently active
adults compared with active adults was higher anulrgge adults versus normal weight
and overweight adults; however, these comparisare anly significant for Model 2.
The percent difference in expenditures was sinfilar, no significant differences noted)
across BMI categories using each model, and peditfetences estimated for each BMI

category were similar to overall estimates.

Sengitivity Analysis

Mean differences in expenditures for inactive arglifficiently active adults (compared
to active) remained significant after excluding éslwho reported at baseline ever
having a heart attack or stroke; needing helpmgetti/out of bed or chairs, using the
toilet, or getting around the home; difficulty walg because of a health problem; who

died during the MEPS year; or who were aged 80ver (Figure 1).

The largest overall change was observed when adbliseported any difficulty walking
because of a health problem were excluded; thexgétirestimates were recalculated
after this exclusion (Table 4.4). This exclusiesulted in removing 4.2% of the
population. About 44.8% of adults who reportedicliity walking were aged 70 years
or older, 51.9% had public insurance only for tkeary 63.6% were inactive, and 17.9%
were active. After removing those who reportedialifty walking, the total annual

health care expenditure was $883 billion or 86.6%pending for the full population.
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Among adults reporting no difficulty walking, theqgentage of health care expenditures
associated with inadequate levels of physical dgtwas significant at an estimated
10.1% and remained significant after adjustingBitl (8.9%, Table 4.4), resulting in
about $78 billion (95% CI: $42 billion, $115 bilhp of health care expenditures per year

being associated with inadequate levels of physicavity.

Discussion

During 2006-2010, an estimated 11.5% of aggregedditihcare expenditures were
associated with inadequate levels of aerobic physictivity, independent of BMI.
Conservatively, if those who reported any diffigultalking were excluded, 8.9% of
aggregate health care expenditures were assogvittethadequate levels of physical
activity. The considerable financial burden asata with inadequate levels of physical
activity in the U.S. could potentially be reducedihcreasing adults’ physical activity to
levels consistent with guidelines aHealthy People 2020 objectives** Efforts to
change physical inactivity are especially imporiginen the high prevalence and

associated high per capita costs.

Our study found that adequate levels of aerobisighay activity were associated with
reduced costs regardless of obesity status. Téawb difference in mean expenditures
for inactive and insufficiently active adults (coampd to active) was greater among obese
than normal weight and overweight adults; howethes relative differences (i.e., percent

difference) in health care expenditures were simitgardless of obesity status.
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It is difficult to compare our findings with othstudies linking physical activity and
health care expenditures because of the numeroasumes and methods that have been
used:®*® There are two studies whose findings can be fgugfiuated to our defined
physical activity levels, and findings from thesadses were similar to ours. In a study
of Australian women age 50 to 55 years, the perdifierence in costs for sedentary
versus moderately-active (a level consistent witiient guidelines) women was

26.3%* In a second study of enrollees age 40 yearsder @ a Minnesota health plan,
each additional “active” day per week was assodiat¢h a 4.7% decrease in cost. Thus,
5 days of activity would represent about a 23.58ction compared with no days of

physical activity**

Reverse causality is a concern for this studygoltld be argued that some persons who
are not physically active have higher health capeaditures because previous health
events limit their ability to be active while alswreasing health care expenditures. We
addressed this issue with two elements of the stledign. First, there is a 1 to 2 year lag
between the physical activity assessment anditieewhen health care expenditure data
are collected; therefore, any new health eventtucag in the health care expenditure
measure would not directly influence an individagdhysical activity level. Second,
adults who reported being unable to do physicavidgctvere excluded from the analytic

sample.
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We also conducted multiple sensitivity analyses$ éxaluded certain individuals from
our study population. When individuals who repdnpeevious health events, limitations,
and difficulty walking, or who died during the MERS8ar were excluded, estimates of
mean differences in health care expenditures fotine adults decreased compared to
active adults, although they were still significaifihere are two plausible explanations
for this decrease: 1) individuals were inactivesaese of poor health, confounding our
association, and when we adjusted for markers of pealth the association decreased,
or 2) our sensitivity analyses controlled for wayysical activity might influence health
care expenditures, and the association decreasahasof the influences were removed.
For example, when we excluded adults who reporif@idudty walking because of a
health problem, we removed the influence physicaVitly may have had on these
individuals experiencing the health problem andrrtaleility to maintain function after

the health problem. If someone had been active prithe event and had become
inactive, to include the individual would overesdita the costs of inactivity; however, if
the individual had been inactive prior to the healtent and remained inactive,
excluding that person would result in an underest@n Given our data, we were unable
to determine which of these explanations was mketyl However, through our

multiple sensitivity analyses we have shown thatfmaings are robust to different
sample specifications. We also have provided egdémfor the more conservative model

that excludes those reporting difficulty walking.

Several limitations of our study are noted. Wedusieservational data, which may have

biased the observed associations by introducin§pooning factors. We attempted to
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reduce such bias by controlling for several factbesvever, we were not able to control
for all potential confounding factors. For exampaetive adults may have had positive
health behaviors related to diet, sleep, or paiodn in preventive care. Second, MEPS
data rely on one household informant to reportthezdre expenditures for all household
members with a sample of expenditures further setidnd supplemented with data from
medical provider$® Some studies have shown that expenditures maypdberreported,
though they concluded that behavioral analysetaagely unaffected by this issue
because underreporting is similar across demograpbups’>>® Third, NHIS physical
activity data are derived from self-reported infatran, and studies have indicated that
reporting bias can result in high estimates of pfaysactivity>* However, individuals
overestimating their physical activity would likdlyad to a more conservative estimate
of the association between physical activity analthecare expenditures. Finally, the
physical activity measure is based only on leigume activity and this may have
resulted in an underestimate of physical activetyels when individuals’ work hours and

occupations are considered.

This study has several important strengths. Fdiegia from the NHIS and MEPS include
a large, nationally representative sample, alloviordoroad generalizability of findings
to non-institutionalized U.S. adults. In addititine NHIS and the MEPS contained
relevant variables that allowed us to include memwariates and to conduct multiple
sensitivity analyses. Finally, our physical adfivneasures categorized individuals into

levels consistent with current physical activitydglines?
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Conclusions

Inadequate physical activity is associated witigaicant financial burden. Our
estimates are likely conservative because we @kulilonly the direct health care
expenditures associated with inadequate physitaitgand did not estimate indirect
costs, which include lost productivity from prema&tdeath and disability associated with
illness. Future studies that consider indirectsasay improve estimates of the
economic burden of inadequate physical activitthemU.S. Nevertheless, we found that
inadequate levels of physical activity are assodiati¢h a significant percentage of
health care expenditures. Increasing adults’ glaysictivity levels to meet current

guidelines may be one way to reduce health careraifures in thé&J.S.

Disclaimer: The findings and conclusions in this reportthiese of the authors and do
not necessarily represent the official positioth&f Centers for Disease Control and

Prevention.
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Table 4.1. Distribution of Select Characteristicand Prevalence of Physical Activity
Level by Select Characteristics, U.S. Adults, NHI®nd MEPS 2006-2010

Overall Prevalence of Physical Activity Level
. Inactive Insuffigiently Active
Sample Size Active
(%)° (N=16 715) (N=8318) (N=16 959

Characteristic” % (SE)|] % (SE) | % (SE)
Overall 41992 (100) | 349 (0.7) 199 (0.4) 45.1 (0.6)
Sex

Male 18855 (50.2)| 33.8 (0.8) 18.1 (0.6) 48.1 (0.8)

Women 23137 (49.8)| 36.1 (0.9) 21.7 (0.5) 42.2 (0.7)
Age (years)

20-29 5753 (17.3)| 29.2 (1.2) 17.1 (0.9) 53.7 (1.3)

30-39 7886 (18.1)| 30.2 (1.1) 19.6 (0.7) 50.2 (1.1)

40-49 8369 (20.0)| 33.3 (1.0) 20.1 (0.7) 46.6 (1.0

50-59 7829 (19.2)| 35.1 (1.1) 21.3 (0.8) 43.6 (1.0

60-69 5751 (13.1)| 38.0 (1.3) 216 (1.00 404 (1.2

70-79 3766 (7.5)| 44.1 (1.6) 20.0 (1.1) 359 (1.5)

>80 2638 (4.9)| 56.7 (.90 195 (1.4) 23.8 (1.6)
Race/ethnicity

White, non-Hispanic| 23 146(68.9)| 30.7 (0.8) 20.3 (0.5 489 (0.7)

Black, non-Hispanic 7941(11.3)| 449 (1.4) 189 (0.9 36.2 (1.0)

Hispanic 7919 (13.4)| 479 (1.2) 182 (0.8) 34.0 (1.2

Other, non-Hispanic 2986 (6.4)| 35.7 (1.6) 20.6 (1.4) 43.6 (1.8)
Education level

Less than HS 8652 (14.4)| 57.2 (1.3) 175 (0.9 253 (1.0

graduate

High school graduate 11 312 (27.1)| 44.0 (1.1) 19.8 (0.7) 36.2 (1.0)

Some college 11834(29.5)| 30.1 (0.9) 215 (0.6) 48.4 (0.9

College graduate 10 19428.9)| 20.3 (0.8) 19.6 (0.7) 60.2 (0.9)
Marital status

Married 19516 (55.8)| 33.2 (0.9) 21.0 (0.5) 458 (0.7)

Widowed 4290 (6.8)| 53.1 (1.5) 20.7 (1.1) 26.2 (1.3)




Divorced/separated

Never married
Census region

Northeast

Midwest

South

West

Poverty status
(income as percentag
of federal poverty
level (FPL))

< 100% FPL

100%-199% FPL
200%-400% FPL
> 400% FPL

Insurance status

(coverage for the year
Any private
coverage
Public insurance
only
Uninsured for full
year

Smoking

Current
Former
Never
BMI category®
Normal weight
Overweight
Obese
MEPS year
2006
2007
2008

112

)

838514.2)
9801 (23.1)

6362 (18.6)
9133 (21.8)
16 278 (36.5)
10 219 (23.1)

7225 (10.7)
9230(17.1)
12 431(30.6)
13 106 (41.6)

25 876 (69.6)
9080 (15.0)

7036 (15.5)

8863 (20.7)
8992 (21.8)
24 137 (57.4)

14 591 (36.6)
15 112 (36.2)
12 289 (27.3)

8815 (19.5)
7957 (19.8)
8116 (19.9)

38.3
31.6

35.4
28.9
40.8
31.0

50.0
46.5
36.8
24.9

28.9

52.5

45.0

41.8
30.9
34.0

31.6
34.6
40.0

36.8
35.8
35.4

(1.0)
(1.1)

(1.5)
(1.5)
(1.4)
(1.3)

(1.2)
(1.0)
(1.0)
(0.8)

(0.8)
(1.2)

(1.3)

(1.4)
(0.9)
(0.8)

(0.8)
(1.0)
(1.0)

(1.1)
(1.0)
(1.1)

19.5
17.4

20.2
24.1
17.8
19.0

17.7
19.2
20.6
20.2

20.6

19.6

17.2

17.9
21.7
20.0

18.0
19.1
23.6

18.7
19.9
19.6

(0.8)
(0.7)

(0.9)
(1.0)
(0.8)
(0.7)

(0.8)
(0.6)
(0.6)
(0.6)

(0.5)
(0.8)

(0.8)

(0.8)
(0.8)
(0.5)

(0.6)
(0.7)
(0.7)

(0.6)
(0.6)
(0.8)

42.2
51.0

44.3
47.0
41.4
50.0

32.2
34.3
42.6
54.8

50.5

27.9

37.7

40.2
47.4
46.1

50.5
46.3
36.4

44.5
44.3
45.1

52

(1.0)
(1.1)

(1.5)
(1.1)
(1.0)
(1.2)

(1.1)
(0.9)
(0.9)
(0.8)

(0.7)
(1.1)

(1.0)

(1.2)
(1.0)
(0.6)

(0.8)
(0.9)
(0.8)

(0.9)
(0.9)
(1.0)
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2009 8822 (20.3)| 34.9 (1.0) 19.9 (0.7) 452 (0.9)
2010 8282 (20.5)| 31.9 (1.1) 215 (0.6) 46.6 (0.9)

@ There were 48 083 adults age 20 years or oldér MitIS and MEPS records. 3157
adults were excluded for missing covariate, BMIpbysical activity data. Certain adults
were excluded from the analysis: 1381 who weremaegduring the MEPS year, 906
who reported being unable to do physical actiatyd 647 who were classified as
underweight.

P Covariate data from the MEPS dataset included: &g, race/ethnicity, marital status,
census region, poverty level, and insurance st@ogariate data from the NHIS
interview included: education level, BMI, and snukistatus.

¢ Estimates of % are weighted.

4 BMI category is defined as normal weight (BMI <§nt), overweight (BMI 25 - <
30 kg/nf), and obese (BMt 30 kg/nf).
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Table 4.2. Expenditure Differences, Percent Diffances, and Percentage of Aggregate Health Care Expuitures of
Inactive and Insufficiently Active Versus Active Plysical Activity Levels, U.S. Adults, NHIS and MEPS2006-2016

Health Care .
i . Percent Difference Percentage of
Expenditure Difference .
. per Capita Aggregate Health Care
per Capita . (Compared to Active) Expenditures
Model and (Compared to Active)
Physical Activity Level Mean ($° (95% CI) % (95% CI) % (95% ClI)
Model 1: Physical activity and
covariates
Inactive 1372 (898, 1846) 30.0 (18.4, 41.6) 9.7 (6.4, 13.0
Insufficiently active 788 (378,1197) 17.6 (8.1, 27.1) 3.2 (1.6, 4.8)
I nactive and insufficiently active € € € € 12.9 (8.9, 16.9)
Model 2: Physical activity, BMI
category, and covariate$
Inactive 1248 (770, 1727) 26.6 (15.3, 37.9) 8.9 (5.5,12.2
Insufficiently active 661 (261, 1061) 144 (5.4, 23.4) 2.7 (1.1, 4.3)
Inactive and insufficiently active € € € € 11.5 (7.5, 15.6)
Model 3: Physical activity, BMI
category, physical activity by BMI
category interaction term, and
covariates™
Inactive 1278 (787,1769) 27.3 (15.7, 39.0) 9.1 (5.7,12.5
Insufficiently active 671 (248, 1094) 14.6 (5.1, 24.2) 2.7 (2.0, 4.4)
Inactive and insufficiently active € € € € 11.8 (7.5, 16.0)

@ Excludes adults who were pregnant during the M8, those underweight, and those who reportethheiable to do

Ehysical activity.

Expenditures adjusted to 2011 dollars using thiedPal Health Care Expenditure Price Index.
¢ Covariates include sex, age group, race/ethnicéigsus region, marital status, education, povevsl, health insurance
status, smoking status, and MEPS year.



55

9 Model 3 included terms for the main effect of phgactivity level and BMI category, as well asiateraction term of
physical activity level by BMI category.

® Estimates of mean differences and percent differeare based on models including inactive andfiantly active as
distinct categories therefore these estimatesatrprovided for the combined group.
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Table 4.3. Expenditure Differences and Percent Cigrences of Inactive and Insufficiently Active Versis Active
Physical Activity Levels, by Model and BMI Category U.S. Adults, NHIS and MEPS 2006-20f0

) : - Model 3: Physical Activity, BMI Category,
Model 2: Physical Actlv!ty, BMI Category, Physical Activity by BMI Category
and Covariate$ i 90
Interaction Term, and Covariates’
Health Care Health Care
Expenditure Percent Difference Expenditure Percent Difference
Difference per per Capita Difference per per Capita
Capita (Compared to Capita (Compared to
(Compared to Active) (Compared to Active)
BMI Category by Active) Active)
Physical Activity Mean oswcn | % (@s%ch | M osecly | % (95%cCl)
Level %) $)
Normal weight
Inactive 1055 (635, 1474) 26.4 (15.1, 37.7) 1167 (510, 1824) 29.8 (11.3, 48.2)
Insufficiently active 535 (210, 859 14.2 (5.4,@3, 591 (-133, 1315) 16.0 (-4.0, 35.9)
Overweight
Inactive 1220 (741, 1698) 27.1 (15.5, 38.8) 1080 (324, 1836) 23.6 (5.4, 41.9)
Insufficiently active 673 (262, 1084) 14.7 (5.3, 24.0) 607 (-71, 1288) 13.0 (-2.1, 28
Obese
Inactive 1486 (917, 2056) 26.3 (15.2,37.5) 1622 (727, 2516) 29.0 (10.4, 47.6)
Insufficiently active 776 (305, 1247) 14.2 (5.2, 23.2) 821 (-214, 1856) 15.2 (-5.2, 35.6)

@ Excludes adults who were pregnant during the M8, those underweight, and those who reportetyheiable to do

Ehysical activity.

Covariates include sex, age group, race/ethnic#igsus region, marital status, education, povevsi, health insurance
status, smoking status, and MEPS year.
¢ Model 3 included terms for the main effect of gbgsactivity level and BMI category, as well asiateraction term of
physical activity level by BMI category.
4 Expenditures adjusted to 2011 dollars using thredP@l Health Care Expenditure Price Index
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Table 4.4. Expenditure Differences, Percent Diffances, and Percentage of Aggregate Health Care Expuitures of
Inactive and Insufficiently Active Versus Active Plysical Activity Levels, U.S. Adults, Excluding Thoe Who Reported
Difficulty Walking, NHIS and MEPS 2006-201C

Ex enl_c:I(ietﬁlrtg [c):i?freerences Percent Differences Percentage of Aggregate
P er Capita per Capita Health Care
(Comgare d t% Active) (Compared to Active) Expenditures
Model and Mean (95% ClI) % (95% ClI) % (95% ClI)
Physical Activity Level 3’
Model 1: Physical activity and
covariates
Inactive 969 (539, 1399) 23.5 (12.1, 34.9) 7.3 ,(406)
Insufficiently active 619 (206, 1033) 14.8 (4.6,24 2.8 (0.9, 4.6)
Inactive and insufficiently active d d d d 10.1 (6.1, 14.2)
Model 2: Physical activity, BMI
category, and covariate$
Inactive 871 (434, 1308) 20.7 (9.5, 31.9 6.6 (9.9)
Insufficiently active 504 (100, 907) 11.7 (2.1,421. 2.3 (0.5,4.1)
Inactive and insufficiently active d d d d 8.9 (4.8, 13.0)

@ Excludes adults who were pregnant during the M8, those underweight, and those who reportetyheiable to do
physical activity. In addition, excludes 2525 ad#.2%) who reported difficulty walking (withoutd use of equipment)

because of a health problem.

® Expenditures adjusted to 2011 dollars using thiedPal Health Care Expenditure Price Index.

¢ Covariates include sex, age group, race/ethnicéigsus region, marital status, education, povevsl, health insurance
status, smoking status, and MEPS year.
d Estimates of mean difference and percent differeme based on models including inactive and iiwefitly active as
distinct categories therefore these estimatesatrprovided for the combined group.
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Figure 1. Mean Expenditure Differences per Capitaf Inactive and Insufficiently
Active Versus Active Physical Activity Levels, afte Selected Exclusions, U.S.
Adults, NHIS and MEPS 2006-201%°

Mean Difference in Health Care Expenditures,
Inactive/InsufficientlyActive (versus Active) ($)°

0 500 1000 1500 2000

Overall

Removed those who
reported at baseline:

-Ever having a heart
attack ' n

-Ever having a stroke

-Needing help getting in/
out of chair, using toilet,
or getting around home

-Difficulty walking due
to a health problem

in the MEPS year

Removed those aged 80
years or older , -

Removed those who died E ? \ &

$661 $1248

M Insufficiently active # Inactive

% Excludes adults who were pregnant during the MR8, those underweight, and those who
reported being unable to do physical activity. Tihenber of adults excluded for each subanalysis
was: 1506 reported ever having a heart attacksatling; 1234 reported ever having a stroke at
baseline; 403 who reported at baseline needingdedtng in/out of bed or chairs, using toilet, or
getting around the home; 2525 who reported at esdifficulty walking (without the use of
equipment) because of a health problem; 409 whibdlieing MEPS survey year; or 26380
years of age.

® Model covariates included: sex, age group, rakeieity, census region, marital status,
education, poverty level, health insurance statomking status, BMI category, and MEPS year.
Upper and lower error bars represent upper andrlbaxends of the 95% CI. Red and blue
vertical lines represent overall estimates.

“Expenditures adjusted to 2011 dollars using thed?el Health Care Expenditure Price Index.
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Chapter 5: Physical activity and Depression- and Axiety-Specific Health Care
Expenditures

Authors: Susan A. Carlson, Janet E. Fulavyid R. Brown, Michael Pratt, Zhou Yang,
E. Kathleen Adams

Abstract

Objective. Estimate the percentage of depression- and grsgpecific health care
expenditures associated with levels of aerobic igayactivity inadequate to meet
current guidelines using two approaches.

Methods. Merged adults’ leisure-time aerobic physicalaist data from the National
Health Interview Survey (2003-2009) with healthecakpenditure data from the Medical
Expenditure Panel Survey (2005-2010). To estirtteggercentage of condition-specific
health care expenditures associated with inadegpmtscal activity, the attributable
fraction (AF) approach applied epidemiologic foramiand the regression based (RB)
approach used 2-part econometric models. Inadegpnssical activity was defined as
participating in less than 150 minutes per weekiotlerate-intensity equivalent activity.
Results. Annually 9.4% of adults reported depression @586 reported anxiety. With
the RB approach, the estimated percentage of d@presand anxiety-specific health care
expenditures associated with inadequate physit@itgavas significantly higher

(21.2%) than with the AF approach (11.1%). Pemgatestimates were higher when
examining depression and anxiety separately weghRB approach (depression: 21.9%,
anxiety: 17.2%) compared to the AF approach (degioe: 13.2%, anxiety: 7.5%);
however, differences were not significant.

Conclusion. Inadequate physical activity is associated aigignificant percentage of

depression- and anxiety-specific health care exjpaed regardless of the approach used
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Introduction

Mental health conditions impose an emotional andrfcial burden on individuals and
their families. Beyond the medical resources spantare, treatment, and rehabilitation,
poor mental health is also associated with high@iréct costs due to reduced or lost
productivity> Depression and anxiety are the two most comm@pgrted mental

health conditions. Among U.S. adults, depressasan annual prevalence of 9.6%

and estimates of the annual prevalence of anxéetye from 10.6% to 18.1856.

Physical activity has been shown to lower the ok#8epression and anxiety. Population-
based prospective cohort studies provide substaviidence that regular physical
activity protects against the onset of depressywepsoms> Studies have shown,
compared to inactive adults, the odds of havingetgive symptoms were 15 to 25%
lower among those physically activeEvidence for the association between physical
activity and anxiety is limited; however, eviderstggests regular physical activity
protects against the onset of anxiety disorderssgnmbtoms. In addition, physical
activity can play an important role in the treatine@indepression and anxiety by reducing

symptoms of depression and anxiety among thosethéticonditiorf.”

Given the role that physical activity plays in thevelopment and treatment of depression
and anxiety, it is likely that inadequate levelgpbisical activity are associated with a
substantial percentage of depression- and anxpetgHec health care expenditures.
Previous studies have found that physical actigityssociated with increased overall

health care expenditures among adults with symptafrdepression or mental
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disorder$*® No study, however, has estimated the percentdepsession- and anxiety-
specific expenditures associated with physicalvagtievels inadequate to meet current

guidelines.

To estimate the economic burden of inadequatedenfgbhysical activity on depression-
and anxiety-specific health care expenditures,danalytic approaches could be applied.
The attributable fraction (AF) approach combindatiee risk and prevalence to estimate
the percentage of a condition associated with ipaae levels of physical activity.

The major limitation of the AF approach is it iggdrcated on physical activity’s

influence on the presence of depression or anxietgted or not. The AF approach does
not account for the influence of physical activty health care expenditures among those

with depression or anxiety.

A regression based (RB) approach uses a multiearggression model to compare
depression- and anxiety-specific health care expared among people of different
physical activity levels. The percentage of hea#tte expenditures associated with
inadequate levels of physical activity is basegretictions from the estimated mod@l.
If there is a positive association between inadegphysical activity and the cost to treat
depression or anxiety then a RB approach will pceduigher estimates than the AF
approach. However, the RB approach can be chatigng implement as is it requires
physical activity information from individuals liekl to depression- and anxiety-specific

health care expenditures.
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National estimates for the percentage of depressiaoth anxiety-specific health care
expenditures associated with inadequate levelfiydipal activity do not currently exist.
Assessing the percentage of the depression- anetgispecific expenditures attributable
to inadequate levels of physical activity is impoitfor setting research and policy
priorities overall and specifically for programsdaglssing these conditions. Using AF
and RB approaches, this study will estimate thegenage of depression- and anxiety-

specific health care expenditures associated wétequate levels of physical activity.

Methods

Data

Data from the National Health Interview Survey (I§1(2003—-2009) and the Medical
Expenditure Panel Survey (MEPS) (2005-2010) wengete The NHIS is a multi-
stage probability sample survey of U.S. househotihglucted annually. Data on leisure-
time aerobic physical activity are collected durihg sample adult interview. The MEPS
uses the same sampling frame as the NHIS. Resptnilem the previous 2 years of
NHIS are included in each MEPS year. MEPS respaatss ranged from 56.9% (2007)
to 59.3% (2008). Additional information about gemple design of the NHIS and the

MEPS are described elsewhété?

There were 58 322 adults 20 years or older withSisdmple adult records and MEPS
records and 3854 adults were excluded for misditygipal activity or covariate data.

Three individuals were excluded due to high depoesspecific expenditures (>$40 k)
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that resulted in models systematically over préaictiepression-specific expenditures.
Adults who were pregnant during the MEPS year (}&bh2 adults who reported being

unable to do physical activity (1112) were excludfatal sample size: 51 641).

Measures

Physical activity level. In the NHIS, adults were asked how often andpflicable, the
duration during leisure-time they participated dteast 10 minutes at a time, in

1) vigorous-intensity activities (i.e., heavy swegtor large increases in breathing or
heart rate) and 2) light- or moderate-intensityaats (i.e., light sweating or slight to
moderate increases in breathing or heart ratejre@uguidelines recommend adults
obtain> 150 minutes of moderate-intensity equivalent aierphysical activity per week
to obtain substantial health benefitsBased on current guidelin&s] minute of
vigorous-intensity activity was counted as 2 misuté moderate-intensity activity to
calculate minutes of moderate-intensity equivasenivity. Respondents were classified
into three physical activity levels: 1) activethkey reported at least 150 minutes/week of
moderate-intensity equivalent physical activityjrigufficiently active, if they reported
some physical activity but not enough to meet dinds; 3) inactive, if they reported no

leisure-time physical activit}?

Presence of depression and anxiety. In the MEPS, information on the presence of health
conditions was asked of the household respond@espondents were asked: “Now we
are going to focus on health problems that haveadlgtbothered anyone in the family

since ptart date] and betweengnd date]. Health problems include physical conditions,
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accidents, or injuries that affect any part of bloely as well as mental or emotional
health conditions, such as feeling sad, blue, ivais about something™. The usual
recall period was 5 to 6 months. Responses wemrded verbatim then coded into ICD-
9 codes and subsequently Clinical Classificatioftv@re (CCS) categori€$. To

identify depression, the ICD-9 code 311 (i.e., dspive disorder, not elsewhere
classified) was used. To identify anxiety, the G28gory 651 (i.e., anxiety disorder)
was used. Dichotomous indicators for the presehdg depression, 2) anxiety, and 3)

depression and/or anxiety were created.

Condition-specific health care expenditures. If a condition resulted in a medical event,
including in-patient, out-patient, office-basedn®health, prescription drugs, or
emergency room visits, the cost for the event weed to the associated condition. A
continuous variable of total condition-specific hle@are expenditures per year was
created for depression, anxiety, and combined dejme and/or anxiety related events.
When an event was associated with multiple conaktitotal expenditures for the event
was equally divided by the number of conditionsvitnich the event was associat&d.
The Personal Health Care Expenditure (PHCE) PndeX was used to adjust

expenditures to 2011 dollats.

Statistical Analysis
We applied statistical weights and used balanceeated replication to produce
estimates representative of the civilian, non-tosbnalized U.S. population and to

account for the complex sample design. In the Nidifly one sampled adult per
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household is asked questions about physical actatd we adjusted MEPS person-year
weights to account for this sampliht.The final step of this adjustment used a raking
proceduré’ to adjust weights to match population totals friwa full MEPS sample,

which are based on U.S. census totals.

Covariates included in all models were: sex, agegyrrace/ethnicity, census region,
marital status, education, poverty level, healdumnce status, smoking status, BMI
category (i.e., underweight/normal weight (<25 kg/roverweight (25-<30 kg/f, and

obese ¥30 kg/nf), and MEPS yead?

Attributable Fraction (AF) Approach. To estimate the percentage of condition-specific
health care expenditures attributable to a giveallef physical activity, the general
equation for estimating attributable fractions wizenfounding exists was used [PAF=
pe * (RR-1)/RR]* Pyis the prevalence of the given physical activityedl among those
reporting depression or anxiety. The RR was es#ichasing a standardized prevalence
risk ratio calculated from a logit model examinthg association between physical
activity level and the presence of depression arean®® To estimate aggregate costs
associated with inactive and insufficiently actigeels of physical activity, the PAF is
multiplied by estimates of aggregate depressiomnarety-specific health care
expenditures derived by summing condition-spetiéalth care expenditures across all
adults. To calculate the percentage of depressioth-anxiety-specific health care

expenditures, aggregate costs associated withveaatd insufficiently active levels of
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physical activity were estimated separately forrdspion and anxiety, summed, and then

divided by total depression- and anxiety-speciéalth care expenditures.

Regression Based (RB) Approach. A two-part regression model was implementedtier
RB approaclf! First, a logit model predicted the probabilityrafving a positive
condition-specific health care expenditure. Secangkneralized linear model (GLM)
with a log link and gamma distribution predictethte@ondition-specific health care
expenditures for adults with a positive conditigesific health care expenditure.
Modified Park tests were used to determine the@ppate distribution specification for
the GLM model$? Predictions from the two-part model were combitedenerate total
predicted condition-specific health care expendduor each individual. The percentage
of aggregate health care expendituedated to the inactive level was calculated by
dividing the mean differences in condition-specifealth care expenditures for those
inactive compared to active (i.e., predicted exjtenel with the inactive variable set to 1
minus predicted expenditure with the inactive Malgaset to 0) by the total predicted
condition-specific expenditures for all adultsCalculations were repeated for those
insufficiently active. Models were estimated f@pdession, anxiety, and combined

depression- and anxiety-specific health care expaed.

Results

From 2005-2010, an average of 9.4% of adults 2@syaad older reported depression

during the year and 8.5% reported anxiety (Tallg. SDepression and/or anxiety was
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reported by 15.4% (6.9% depression alone, 6.1%eénalone, 2.4% both). The average
total yearly condition-specific expenditures fopdession was $17.3 billion and $10.1

billion for anxiety.

The majority of adults who reported depression483.or who reported anxiety (59.2%)
did not meet current physical activity guidelin@silfle 5.2). Except for the inactive
coefficient in the anxiety model which was bordeelinsignificant (p=0.05), there was a
positive significant association between being tivaoor insufficiently active (compared
to being active) with reporting the presence ofrdsgion, anxiety, and depression or
anxiety. There were no significant differenceshia strength of the association for the
presence of depression, anxiety, or depressioroaadkiety when comparing the

inactive and insufficiently active level.

Results from the two-part econometric model arevshim Table 5.3. For the first part of
the econometric model, there was a positive associbetween physical activity and
having a positive expenditure for each of the cbows, although for the anxiety model
the inactive coefficient was insignificant (p=0.11he second part of the model
examined the amount of the condition-specific exiteine among adults who reported
any condition-specific expenditure. The inactieefficient compared to the active
coefficient was significant when examining combimggression- and anxiety-specific
expenditures and was borderline insignificant weeamining depression- (p=0.08) and

anxiety-specific (p= 0.08) health care expenditsegzarately.
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Using either approach, the percentage of condgjmexific health care expenditures
associated with inadequate levels of leisure-timgsjzal activity (i.e., inactive and
insufficiently active) were significantly differeftom zero for depression and for anxiety
(Table 5.4). When examining depression and ansieparately, the percentage of health
care expenditures associated with inadequate lev@lsysical activity was higher when

using the RB approach than the AF approach; howeiféerences were not significant.

The RB approach yielded a significantly greateingste for the percentage of total
depression- and anxiety-specific health care expaied associated with inadequate
levels of physical activity (21.2%) than the AF apgch (11.1%, p=0.02, Table 5.4).
Using the AF approach, an estimated $3.0 billid: (0.6 billion) of depression- and
anxiety-specific annual health care expenditure®wassociated with inadequate levels
of physical activity. Using the RB approach, atireated $5.8 billion (SE: $1.4 billion)
of annual depression- and anxiety-specific healtle expenditures were associated with

inadequate levels of physical activity.

Sengitivity analysis

Though we had excluded those who reported beinglena do physical activity, we
wanted to address the concern that inactive offfio@ntly active adults might have
health problems that would keep them from parttoigain physical activity and
potentially increase their depression- or anxiggesfic expenditures. So, we conducted
a sensitivity analysis that excluded 4.2% of thpuydation who reported difficulty

walking due to a health problem. After this exans estimated total annual depression-
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and anxiety-specific health care expenditures #2re5 billion. The prevalence of
depression and of anxiety was significantly higlw@ong adults with difficulty walking
(depression: 22.2%, anxiety: 16.2%, depressioioamnxiety: 31.6%) than those
without (depression: 9.0%, anxiety: 8.1%, depogsand/or anxiety: 14.8%). Among
adults reporting no difficulty walking, the percage of depression- and anxiety-specific
health care expenditures decreased slightly foAth@pproach (10.4%, SE: 2.1) and

increased slightly for the RB approach (22.6%, B).

Discussion

Inadequate levels of physical activity are assediatith a significant percentage of
depression- and anxiety-specific health care exjpaed. When the RB approach was
used the percentage of depression- and anxietyfisgeealth care expenditures
associated with inadequate levels of physical dagtwas higher (21.2%) than when an
AF approach was used (11.1%). The approach usestitnate the percentage of
condition-specific spending can greatly influenst@reates. The AF approach can be

viewed as a lower bound of the cost estimate.

A major strength of the RB approach is that ithkedo capture differences in treatment
costs related to depression and/or anxiety amoulgsagho are active. Studies have
shown that physical activity can reduce symptomdegfression and anxiety among
adults with the conditidhf and it is important that this treatment benefichptured in

the analytic approach, which the RB approach d@sse limitation of the RB approach
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is it requires physical activity information fromdividuals linked to condition-specific
health care expenditures and such data can lezstitnates with high variability. If
individual expenditure information is available wever, the RB approach can be applied
for several conditions within a single model. Hleaare expenditure estimates for a
variety of conditions, such as depression and &yaan be helpful especially for
programs and medical professionals that targetiphitonditions and who may need to

prioritize what lifestyle behaviors to target amdhgir patients.

No previous studies have estimated the percenfadgpoession- and anxiety-specific
health care expenditures associated with inadedgnts of physical activity at the
national level. One previous study used an AF @ggr which combined estimates of
risk and prevalence across multiple sources. Jtoidy estimated that 12% of
depression- and anxiety-specific health care expaed was associated with irregular
and inactive levels of physical activity among ganhealth plan in Minnesotd. This is

similar to our AF estimate of 11.1%.

The magnitude of the association of physical atsti@vels with depression found in our
study are similar to those found in previous stsidvaere being physical active was
associated with a 15 to 25% lower odds of deprassimpared to being inactiveFew
studies have examined the association betweengathysitivity and anxiety. The
magnitude of the association between physical i¢tnd anxiety found in our study
was smaller (inactive: 1.11, insufficiently activé.21 (compared to active)) than a

previous U.S. study that found regular physicalvégt(defined as reporting ‘regularly’
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when asked how often they get physical activitgduaed the odds of a generalized
anxiety disorder by about 24% when compared togoeat regularly activé> This
difference could be in-part explained by the lowesvalence of anxiety in our study
compared to other studidsln MEPS, medical conditions are self-reportedil@vim

other studies, diagnostic interviews are condutidédentify individuals with anxiety?

Our measure of the prevalence of anxiety (defireed eondition that bothered someone)
may have captured more severe anxiety and thishaag resulted in our association
being more conservative; although, we cannot be suthis. Studies that examine the
association between physical activity and anxisingi standard measures of anxiety

symptoms may prove helpful in further elucidatihgstassociation.

This study was limited to depression- and anxigetfic expenditures. This study does
not capture additional costs that may be attribtwetiese conditions. Costs that may be
considered attributable include costs stemming filo@role that depression or anxiety
plays as a risk factor for other conditions (foaewle, depression and anxiety have both
been linked to hypertension; depression has besnrsto be a risk factor for the
development and progression of coronary artenyadisg “®and the role that depression
and anxiety may play on treatment costs for nool@gically related conditions (for
example, presence of depression may influencentiezdtadherence which can influence
disease progression and health care utilizatiomfamy conditions}? Future studies

may wish to examine the interplay between the mesef depression and/or anxiety,

physical activity level, and overall health car@enditures.
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There are many pathways by which physical actiedty influence depression and
anxiety; however, the exact pathways are still fyoonderstood. Physical reactions to
physical activity can influence depression and atydhrough physiological changes
(e.g., promoting a neurogenic response, alteringatensmitter function) or through
cognitive mechanisms (e.g., diversion from negaiveking, feeling a sense of
purpose)”® The social contact often experienced through igayactivity may play a
role in the relationship between physical actieihd reduced depression or anxiety.
Physical activity’s influence on chronic conditiomsy also be an important pathw4y.
For example, inactive individuals are more likadyhave heart diseasehich in turn
may be associated as a co-morbid condition witlmesspon or anxiety. Because the
objective of our study was to estimate the ovdnadincial burden of inadequate levels of
physical activity on depression- and anxiety-speajpending, we did not attempt to
control for any of these pathways. We did confiooltwo lifestyle indicators (i.e., BMI
category and smoking status) that may independenitlience depression and anxiety
and are also correlated with physical activity.n€olling for BMI category may be
overly conservative given the direct relationshgtween physical activity and weight.
When BMI category was not included in our modefinestes for the percentage of
health care expenditures associated with inadedgnaés of physical activity were

higher (RB approach: 23.1% (SE: 4.7), AF approath7% (SE: 2.0)).

Reverse causality is a concern for this studyanlfdult is inactive because of their
depression or anxiety then reverse causality caohtie overestimates of the percentage

of depression- and anxiety-specific health careeegfures associated with inadequate
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levels of physical activity. We are unable to céetgly remove the possibility of reverse
causality, although we did address this issue tiit@mur study design and sensitivity
analysis. First, adults who reported being unébldo physical activity were excluded
from the analytic sample; therefore, those who wdad limited and reported being
unable to do physical activity have been excludgdcond, we conducted a sensitivity
analysis that excluded individuals who reported aaiking limitation due to a health
problem. This exclusion was likely conservativacsiit is not specific to a limitation

due to depression or anxiety; however, findingsengémilar.

Several limitations of our study are noted. Fiusg of observational data may bias the
observed associations by confounding factors. Wéenpted to reduce such bias by
controlling for several factors; however, we weog able to control for all potential
confounding factors. For example, active adulty hmave had positive health behaviors
related to diet, sleep, or participation in prewentare. Second, MEPS relies on one
household informant to report conditions and heedite expenditures for all household
members. Studies have shown that expendituredomaynderreported; however, studies
concluded that behavioral analyses are largelyfect&d by this issue because
underreporting is similar across demographic grédps® A larger issue for our study
may be that household respondents were unawahe girésence of depression or
anxiety for others in the household. This woulsliein our study underestimating the
prevalence of depression and anxiety. This ungdertimag may be more pronounced
when the condition was not related to a health eapenditure and may enhance the

difference between estimates from the AF and RBaggh. Third, NHIS physical
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activity data are derived from self-reported infatran, and studies have indicated that
reporting bias can result in high estimates of pfaysactivity>° However, individuals
overestimating their physical activity would likdlyad to a more conservative estimate
of the association between physical activity angregesion- and anxiety-specific health
care expenditures. Finally, the physical activitgasure is based only on leisure-time
activity and this may result in an underestimabbithe amount of physical activity

individuals participate in when their work hourgdastcupations are considered.

This study has several important strengths. Figia from the NHIS and MEPS include
a large, nationally representative sample. Thanal for the broad generalizability of
study findings to non-institutionalized U.S. adul&econd, the surveys included relevant
variables that allowed us to include many covasiateour model. Third, our physical
activity measure categorized individuals into Isvabnsistent with current aerobic
physical activity guideline¥® Finally, the dataset contains all data needed for
implementing the AF and RB approaches, allowingHercomparison of these two
approaches using data from a single source. Than8iRhe RB approach are often
applied by different disciplines and understandiog the two relate can be important

when examining and comparing policy analyses réladecost and cost control.

Conclusions
The approach used to estimate the percentage ditmmspecific spending can greatly
influence estimates. It important to understandtvdosts an estimation approach

accounts for when examining and comparing estimdtksvever, regardless of the
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approach used to calculate estimates, inadequgsécphactivity is associated with a

significant percentage of depression- and anxipggific health care expenditures.

Disclaimer: The findings and conclusions in this reportthiese of the authors and do
not necessarily represent the official positioth&f Centers for Disease Control and

Prevention.
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Table 5.1. Annual prevalence of depression and aiety by select characteristics,

U.S. Adults, NHIS and MEPS 2005-2010

Prevalence
Prevalence Prevalence of _
Overall of . of Anxiety Depression
Depression and/or
Anxiety
(n=5289) (n=4650) (n=8517)
Characteristic® Sz;rir;réle 0% % (SE)| % (SE)| % (SE)
Overall 51 641 94 (0.2) 85 (0.2) 154 (0.3
Physical activity level
Inactive 20735 (35.2)| 10.6 (0.4) 88 (0.3) 16.7 (0.5
Insufficiently active 10090 (19.7)| 11.1 (0.5) 99 (0.5 181 (0.6)
Active 20816 (45.1)| 7.6 (0.3) 7.7 (0.3) 133 (0.4
Sex
Men 22975 (49.9)| 64 (0.3) 6.0 (0.2) 108 (0.3
Women 28 666 (50.1)| 12.3 (0.3) 11.0 (0.3) 20.0 (0.4)
Age (years)
20-29 7156 (17.9)) 53 (0.5) 6.0 (04 99 (0.6)
30-39 9721 (17.5)| 80 (0.5) 9.0 (0.5) 14.2 (0.6)
40-49 10332 (20.2)| 10.1 (0.4) 9.3 (0.4) 16.7 (0.5
50-59 9565 (19.0)| 11.9 (0.5) 94 (04) 18.1 (0.6)
60-69 6907 (12.7)| 12.1 (0.6) 9.5 (0.5) 18.8 (0.8)
70-79 4677 (76)| 9.9 (0.7) 8.4 (0.6) 165 (0.8)
>80 3283 (5.00, 80 (0.7) 7.7 (0.7) 143 (0.8
Race/ethnicity
White, non-Hispanic, 28 826(69.0)| 10.7 (0.3) 9.7 (0.3) 17.6 (0.4)
Black, non-Hispanic 9494(11.2)| 57 (0.3) 57 (0.3) 9.8 (0.4
Hispanic 9682 (13.2)| 6.6 (0.4) 59 (0.4) 11.0 (0.6)
Other, non-Hispanic 3639 (6.6)| 6.5 (0.6) 6.2 (0.5 11.3 (0.8
Education level
Less than HS 10876 (14.7)| 9.2 (0.5) 8.4 (0.4) 149 (0.6)

graduate




High school graduat

Some college

College graduate
Marital status

Married

Widowed

Divorced/separated

Never married
Census region

Northeast

Midwest

South

West

Poverty level
(percentage of the
Federal Poverty Level
(FPL))

< 100% FPL

100%-199% FPL
200%-400% FPL
> 400% FPL

Insurance status

(coverage for the year
Any private
coverage
Public insurance
only
Uninsured for full
year

Smoking

Current

Former

112

)

Never

14 000 (27.3)
14 485(29.5)
12 280(28.4)

24 039 (55.8)
5399 (7.0)
10 27Q14.1)

11 933(23.1)

7860 (18.7)
11 201 (21.9)
20 026 (36.5)
12 554 (23.0)

8978 (10.7)
11 465(17.2)
15 114(30.6)
16 084 (41.5)

31879 (69.9)
11 143 (14.7)

8619 (15.3)

11 132 (21.0)
11 006 (21.9)
29 503 (57.2)

10.3
9.7
8.2

8.2
12.1
15.8

7.4

9.0
10.5
8.7
9.6

14.0
10.2
9.2
7.9

8.8

15.5

6.3

12.7
11.2
7.4

(0.4)
(0.4)
(0.4)

(0.3)
(0.8)
(0.7)
(0.5)

(0.4)
(0.3)
(0.4)
(0.7)

(0.6)
(0.5)
(0.4)
(0.3)

(0.3)
(0.6)

(0.4)

(0.5)
(0.5)
(0.3)

8.6
9.2
7.9

7.6
9.6
12.5
7.9

8.8
9.1
7.8
8.8

11.3
8.6
8.4
7.8

8.4

11.8

5.8

11.1
8.9
7.4

(0.4)
(0.4)
(0.3)

(0.3)
(0.6)
(0.5)
(0.4)

(0.5)
(0.4)
(0.3)
(0.4)

(0.6)
(0.4)
(0.3)
(0.3)

(0.2)
(0.5)

(0.4)

(0.5)
(0.4)
(0.2)

16.1
16.2
14.2

13.9
19.3
23.5
13.0

15.2
16.9
14.5
15.7

20.9
16.2
15.3
13.8

15.1

22.6

10.3

20.0
17.2
13.1
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(0.5)
(0.5)
(0.5)

(0.4)
(0.9)
(0.8)
(0.5)

(0.6)
(0.4)
(0.6)
(0.8)

(0.8)
(0.5)
(0.5)
(0.4)

(0.3
(0.7

(0.5

(0.6)
(0.6)
(0.3)
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Body mass index
(BMI) category®
Underweight/ 18621 (38.0)| 7.7 (0.3) 85 (04) 141 (0.5
normal weight
Overweight 18321 (35.7)| 85 (0.3) 7.5 (0.3) 13.8 (0.4)
Obese 14699(26.4)| 13.0 (0.4) 10.0 (0.4) 195 (0.5

@ Excludes adults who were pregnant during the MR8 and those who reported

being unable to do physical activity.

P Prevalence are average annual figures over the 2685 through 2010.

¢ Covariate data from the MEPS dataset included: ags, race/ethnicity, marital status,
census region, poverty level, and insurance st@ogariate data from the NHIS interview
included: education level, BMI, and smoking status.

d Estimates of percent are weighted.

® BMI category is defined as underweight/normal \aeid@M!I < 25 kg/nf), overweight

(BMI: 25-<30 kg/nf), and obese (BMt 30 kg/nf).
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Table 5.2. Prevalence of physical activity and laigmodel results by condition and physical activitylevel, U.S. Adults,
NHIS and MEPS 2005-2010

Prevalence of

Logit model for presence of conditiofi

physical activity :

Condition by condition ratio
physical activity level % (SE) B (SE) PRR (SE)
Depression

Inactive 40.0 (1.4) 0.26* (0.06) 1.25 (0.07)

Insufficiently active 23.4 (12.0) 0.29* (0.06) 1.28 (0.07)

Active 36.6 (1.2) Referent Referent
Anxiety

Inactive 36.3 (1.4) 0.12 (0.06) 1.11 (0.06)

Insufficiently active 22.9 (2.0) 0.21* (0.07) 1.2 (0.07)

Active 40.8 (1.2) Referent Referent
Depression or anxiety

Inactive 38.0 (1.2) 0.20* (0.05) 1.17 (0.05)

Insufficiently active 23.0 (0.8) 0.26* (0.05) 1.23 (0.05)

Active 38.9 (1.0) Referent Referent

* Significantly different than zero (p<0.05).

@ Excludes adults who were pregnant during the MR8 and those who reported being unable to doigddyactivity.
b Covariates include sex, age group, race/ethnicitysus region, marital status, education, povevl, health insurance

status, smoking status, BMI category, and MEPS.year
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Table 5.3. Results for the two-part econometric natel by condition and physical activity level, U.SAdults, NHIS and

MEPS 2005-2018

Part 1: Logit model’®

Part 2: GLM model®®

Mean Expenditure

Coefficient Coefficient Difference®
Condition by ($, compared to active
physical activity level B (SE) B (SE) Mean (SE)
Depression
Inactive 0.28* (0.07) 0.19  (0.11) 194  (111)
Insufficiently active 0.31* (0.07) 0.10 (0.14) 109 (148)
Active Referent Referent Referent
Anxiety
Inactive 0.11 (0.07) 0.24 (0.13) 188 (106)
Insufficiently active 0.21* (0.07) 0.05 (0.12) 35 (79)
Active Referent Referent Referent
Depression or anxiety
Inactive 0.19* (0.05) 0.25  (0.09) 264*  (91)
Insufficiently active 0.27* (0.06) 0.16 (0.12) 155 (125)
Active Referent Referent Referent

* Significantly different than zero (p<0.05).

@ Excludes adults who were pregnant during the MR8 and those who reported being unable to doigddyactivity.

P 4151 adults reported any depression-specific healte expenditure (79.9% of those who reportedessipon), 3525 adults

reported any anxiety-specific health care expenglifd5.8% of those who reported anxiety), and G&@its reported any
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depression/anxiety-specific health care expend{ft8el% of those who reported depression and/aetx The outcome of
the logit model is whether individuals reportedoadition-specific health care expenditure.

¢ Covariates include sex, age group, race/ethnicétgsus region, marital status, education, povevsi, health insurance
status, smoking status, BMI category, and MEPS.year

4 Part 2 of the model is limited to adults who repdra condition-specific health care expenditufee outcome of the GLM
model is the amount of the condition-specific Heaklre expenditure.

® Expenditures adjusted to 2011 dollars using thedPal Health Care Expenditure (PHCE) Price Indéean difference
(compared to active) in health care expendituresrgnthose with any condition-specific health cageemditure was
calculated by subtracting the mean for the inaanaip of predicted condition-specific health caxpenditures with the
inactive variable set to 1 in the model (i.e., f&spredicted cost) minus the mean of predictedeexiitures with the inactive
variable set to O (i.e., “as if’ the individual wastive).
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Table 5.4. Percentage of depression and anxietyespfic health care expenditures associated with icéive and
insufficiently active levels of physical activityU.S. Adults, NHIS and MEPS 2005-2010

Condition by Attributable Frac'gon Regression Baﬁed
physical activity level (QF) Appro?é:E) (OF/E B) Approz';lsc E)
Depression
Inactive 8.0* (2.0) 14.3* 4.1)
Insufficiently active 5.2* 1.2) 7.5* (3.1
Inactive and insufficiently active 13.2* (2.6) 21.9 (6.0)
Anxiety
Inactive 3.6 (1.9 12.5* (5.6)
Insufficiently active 3.9* 1.2 4.6 (2.8)
Inactive and insufficiently active 7.5* (2.5) 17.2* (6.7)
Depression and anxiéty
Inactive 6.4* (1.6) 13.8* (3.5)
Insufficiently active 4.7* (0.9) 7.5* (2.8)
Inactive and insufficiently active 11.1* (2.0) 21.2 (4.9

* Significantly different than zero (p<0.05).

Note: Percentages for inactive and insufficieattfive presented separately may not sum to the io&chinactive and
insufficiently active percentage due to rounding.

@ Excludes adults who were pregnant during the MR8 and those who reported being unable to doigddyactivity.

P When depression and anxiety were combined usindEhapproach, aggregate costs associated wittiiaamnd
insufficiently active were calculated separatelydach condition, summed, and then divided byaked tondition specific
expenditures for depression and anxiety combinetionate the percentage of depression- and arspetgific health care
expenditures associated with each physical actieitgl. For the RB approach, total condition-spie@xpenditures for
depression and anxiety were modeled directly usagdficients from Table 5.3.
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Chapter 6: Inadequate Physical Activity and Mortaity in the United States

Authors: Susan A. Carlson, E. Kathleen Adams, MéhPratt, Zhou Yandanet E.
Fulton

Abstract

Objective. Estimate the percentage of deaths attributabiesidequate physical activity
(i.e., inactive and insufficiently active) in theJ by using survival analysis to estimate
population attributable fractions (PAFs) by ageugro

Methods. Data from the 1990-1991 National Health Inteawturvey for adults age 25
years or older linked with mortality data from tNational Death Index up to 12/31/2011
(n=67 801 with 19 045 deaths). We used fully-a@jdsCox proportional hazards models
to estimate hazard ratios (HRs) and correspondifesPor three levels: inactive (no
physical activity reported), insufficiently actiggome activity but less than meeting
guidelines), and active>(150 minutes/week of moderate-intensity equivasetiity).
Results. For adults age 40-69 and 70 or older, inactivie {r 40-69: 1.24; 70+: 1.19)
and insufficiently active adults (HR for 40-69: 1,I70+: 1.12) had an increased risk of
mortality compared to active adults. Among adalie 25-39, there was no association
between physical activity and mortality. Among ksld0-69, 10.1% of premature
deaths were attributed to inadequate physicaligctivmong adults 70 or older, 9.0% of
deaths were attributed to inadequate physicaligctiv

Conclusion. A significant percentage of premature deaths anaatults age 40 or older

are attributed to levels of physically activity degjuate to meet current guidelines.
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Introduction

Regular participation in physical activity prevettie development of premature death.
Compared to those inactive, there is a 20-30% lowkrof dying for active adults during
the follow-up period. Current guidelines recommend for substantialthdznefits
adults participate weekly in at least 150 minutesioderate-intensity aerobic activity, at
least 75 minutes of vigorous-intensity aerobic\igtj or an equivalent combinaticn.
Population levels of physical activity inadequaterteet current guidelines can place a

burden on the U.S. population for premature madytali

The population attributable fraction (PAF) provigesestimate of the proportion of
premature deaths that could be averted if inacniasufficiently active individuals were
physically active at levels consistent with currguaidelines’ The PAF provides policy
makers with useful quantitative estimates of thilipthealth burden of inadequate levels
of physical activity and the potential effect obgrams aimed at increasing physical
activity in the U.S! This information can be important for settinge@sh and program

priorities, and for public health planning and na@se allocation.

Studies have estimated the PAF for physical indgtissing an equation that combines
risk estimates from one source with prevalencenesés from another sourge.
Combining estimates across different sources cahfimdings if the characteristics of
the two source populations differ, if the measurmactivity differs across sources, or if
confounding is not properly accounted t8rEstimating the PAF from a survival analysis

conducted in a single population can overcome the&s®es. And if the source
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population is nationally representative, the PAHkagcurately estimate the burden of

inadequate levels of physical activity in the U.S.

To date, no study has estimated the PAF for inaatedevels of physical activity (using
criteria based on current guidelines) from a swalvanalysis of a nationally-
representative sampteOne study estimated that 10.9% of deaths weri@uttd to

being physically inactive versus not using datanftbhe National Health and Nutrition
Examination Survey linked with mortality ddta.However, this study did not use criteria
based on current guidelines to categorize physitiVity levels? When estimating the
public health burden of inadequate levels of prgisactivity (i.e., inactive and
insufficiently active), it is important to examipéysical activity levels consistent with

current guidelines and health objectives in the1}%s

Currently the evidence of the association betwdwssipal activity and mortality comes
from studies that have focused on middle aged siddlhese studies mainly include
adults age 40 years and older, with few data aviailtor those age 80 years and oltfér.
Studies that have examined the influence of agi@m@ssociation between physical
activity and mortality have suggested that the @asion generally gets stronger with
increasing agé® ™ If there is a differential risk by age groupisiimportant to include
this when estimating the PAF. One European stuttyfarty-two years of follow-up
found that the PAFs for inactivity (defined usingrade measure of physical inactivity
(any versus none)) were relatively consistent acage groups ranging from 7.3 for

those age 20 to 44 to 9.1 for those 65 and bv@ecause our study includes adults



91

across the lifespan, we will examine how the asgimei between inadequate levels of
physical activity and mortality and the corresporgdestimates of the PAF vary by

baseline age group.

There are two objectives to this study. The fitgective is to examine the influence
physical activity level (defined using current gelides criteria) has on mortality in a
sample that is nationally representative of the. gdpulation and to examine this
association by age group. The second objectiteapply the results from the survival
analysis to directly estimate the percentage oftdeattributable to inadequate levels of

physical activity in U.S. adults.

Methods

Data

We analyzed data from the 1990 and 1991 Nationalthlénterview Survey (NHIS)
which were linked to the National Death Index (NRVjth participants’ vital status
information available from January 1, 1990, throlgtember 31, 201%f:*" The NHIS,
conducted yearly by the National Center for He8lttistics, is a face-to-face household
survey of a random sample of U.S. households caadwontinuously throughout the
year!® Basic health and demographic information is céd on all household members
and additional information, such as physical attjuvs collected on one randomly
selected adult. The response rates for the adpisments were 83.4% in 1990 and

87.8% in 1991°
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The NDI is a centralized database containing infdrom on all U.S. deaths in the 50
states and the District of Columbia. In 1990-199H)S interviews were completed by
84 836 (1990: 41 104; 1991: 43 732) sample adsfioedents. Of these, 83 998 (99.0%)

were matched with NDI records and had known vitaius informatiort?

In 1990-1991, there were 75 123 NHIS sample aésjpondents age 25 years or older.
We excluded 3742 who were categorized as physibaltyglicapped or whose handicap
status was unknown and thus they were not askegxhydical activity questions. Next,
we excluded 742 individuals who were either misshrgmortality linkage (722) or had
incomplete information on date of birth or deat@)(2Finally, 1113 persons who had
missing physical activity data, 1617 who had migsiata on covariates, and 108 who

were missing both were excluded from the anal@mole (final sample: 67 801).

Measures

Physical Activity Assessment. In the 1990 and 1991 surveys, participants wekeaif

they had done any exercises, sports, or physiaatiye hobbies in the past 2 weeks. If
they responded yes, they were asked how oftenditeyach specific activity during the
previous 2 weeks and the average number of mitlggsspent participating each time.
The physical activities assessed in the 1990 afAd $@rveys varied slightly (e.g.,
stretching and stair climbing was not assesse®9® hnd hiking, other dancing (not
including aerobic dancing), calisthenics, yoga, skating were not assessed in 1991). In

addition, for 1991 the amount of time spent pgrating in bowling, golf, and skiing
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were not assessed. We excluded weightlifting winek not considered to be an aerobic
physical activity. Therefore, we included partatijpn in 13 physical activities (i.e.,
walking; jogging or running; gardening or yard wpaerobics or aerobic dancing; tennis;
biking; swimming; basketball; baseball or softb&diptball; soccer; volleyball; and

handball, racquetball, or squash).

We categorized activities as moderate- or vigonatesasity for each individual. This

was done by first estimating a 60% W&k (maximal oxygen uptake) value for each adult
based on gender and afeAn adult’s estimated 60% \¥qa.«Was then compared to an
assigned Metabolic Equivalent of Task (MET) valtidf the MET value of the activity
was higher than the adult’s estimated 60%)\£then the activity was categorized as

vigorous-intensity; otherwise the activity was cgezed as moderate-intensity.

Based on current guidelines, 1 minute of vigoroussisity activity was counted as 2
minutes of moderate-intensity activity to calculatemutes of moderate-intensity
equivalent activity. Using minutes of moderate-intensity equivaletivitg, we
categorized individuals into 4 activity levels: ai@e (no physical activity reported in the
past 2 weeks), insufficiently active (some activiported but less than 150 min/week of
moderate-intensity equivalent activity), sufficigractive (150-300 min/week of
moderate-intensity equivalent activity), and higattive (>300 min/week of moderate-
intensity equivalent activity). We then categorized individuals into 3 physiczity
levels by combining those sufficiently active anghty active into an active level (at

least 150 min/week of moderate-intensity equivaetivity)
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Covariates. In the NHIS, interviewers assessed sex, raceagitu, cigarette smoking,
and hypertensioff. Participants also reported their height and wieighich were used
to compute body mass index (BMI, calculated as ktdigkilograms divided by the

square of height in meters).

Statistical Analysis

Cox proportional hazards models were used to estilmzard ratios and 95% confidence
intervals for comparison of mortality risk by lewad physical activity, while adjusting

for: sex (men, women), race/ethnicity (white (réispanic), black (non-Hispanic),
other), education level (less than high school gaée, high school graduate, some
college, college graduate), cigarette smoking (ndweemer, current), hypertension (yes,

no), and BMI category (underweight, normal weigiverweight, obese¥,

We decided a priori to examine the association eetwphysical activity and mortality
by age group. Because previous research has fbomsadults 40 years or older with
minimal data for those over 80 years of &d&e began with three age groups (25-39,
40-79, and 80 or older) that would allow us to addrthese gaps. We then decided to
use a cut-off of 70 years or older for the higleegt group because we found the
association for adults age 70-79 was more sinoladults in the oldest age group (80
years or older) than those 40-69 and because p®literature has shown a marked
tapering in physical activity levels for adults o7® years of ag€. We then confirmed

that physical activity level within the selecteceagroups (i.e., 25-39, 40-69, 70 or older)
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did not violate the proportional hazards assumptidge was used as the timescale in the
Cox models with age at death or the end of follgy(12/31/2011) as the survival time

and age at the NHIS interview as left-censoffng.

PAFs were calculated directly from the resultshef Cox models. The user-written
STATA command punafcc was us€dThis command estimates the log of the mean rate
ratio in deaths between 2 scenarios, a baselimasog"as is") and a second scenario
(“as if”) in which the inactive variable and/or thesufficiently active variable were set to
zero instead of one. This ratio is known as theupettion unattributable fraction and is

subtracted from 1 to estimate the PAF.

The Breslow method was used for handling tied failimes. All analyses applied
survey weights and adjusted for the complex samesign'® All analyses were

conducted with STATA version 13.

Results

The analytic sample included 67 801 adults agee2isyor older where 19 045 adults
died during the follow-up period (Table 6.1). Aadeline, 40.8% were age 25-39, 47.6%
were 40-69, and 11.6% were 70 or older. Amongehaso died during follow-up: 7.9%
were age 25-39, 52.2% were age 40-69, and 39.9% aggx 70 or older. The mean

follow-up time was 18.5 years.
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In our cohort, 34.8% were physically inactive, 2b.8ere insufficiently active, and
39.5% were active (17.4% sufficiently active andl22 highly active). Overall, the
prevalence of physical inactivity was higher amtmgse who died than those who
survived through follow-up, while the prevalenceboth insufficient and sufficient
activity was higher among those who survived thaorsé who died (Table 6.1). Similar
physical activity patterns were observed in adadtss 25-39 and 40-69 (Table 6.2). In
adults 70 years or older, prevalence of inactiwiis higher among those who died than
among those who survived and the prevalence ofjdeghly active was higher among

those who survived than among those who died (TaRle

When physical activity was categorized into 4 levgk., inactive, insufficiently active,
sufficiently active, and highly active), the phyaiactivity variable was significantly
associated with mortality for adults age 40-69 yat§d Wald p<0.001) and 70 or older
(adjusted Wald p<0.001), while the association m@&ssignificant for adults age 25-39 at
baseline (adjusted Wald p=0.25) (Table 6.3). Kwoita age 40-69, inactive and
insufficiently active adults compared to sufficigractive adults had an increased risk of
premature mortality in both unadjusted models tivadHR: 1.42, insufficiently active
HR: 1.16) and fully adjusted models (inactive HR2SL insufficiently active HR: 1.14).
There was no difference in hazard ratios for tHogaly active versus sufficiently active.
Among adults age 70 or older, physically inactidelts compared to sufficiently active
adults had an increased risk of premature mortaéfpre (inactive: 1.12) and after
models were fully adjusted (inactive HR: 1.13),levtmighly active adults had a

decreased risk compared to those sufficiently adiithe adjusted models (highly active
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HR: 0.92). For adults age 25-39, physically inectidults compared to those
sufficiently active had an increased risk of pramn@tmortality in the unadjusted models;
however, once models controlled for demographicatttaristics, this increased risk was
no longer significant. Findings were similar ifudis who died in the first 2 years of

follow-up were excluded.

When physical activity level was categorized inte\&ls and the comparison group was
those meeting or exceeding minimal guidelines, (@etive) findings were similar (Table
6.4). Results were similar for adults age 40-6@ & or older with both inactive (HR for
40-69: 1.24; 70 or older: 1.19) and insufficierdlgtive adults (HR for 40-69: 1.11; 70 or
older: 1.12) versus active adults having an in@éassk of mortality. There was no
association between the 3 level physical activasiable and mortality for adults age 25-
39. Findings were similar if adults who died ie tiirst 2 years of follow-up were

excluded.

For adults ages 40-69 and 70 or older at basdhAEs for premature deaths attributed to
inadequate levels of physical activity (i.e., imnaetand insufficiently active levels
combined) were significant (Table 6.4). For adalye 40-69, 10.1% of premature deaths
were attributed to inadequate levels of physictVeag. For adults age 70 or older, 9.0%
of deaths were attributed to inadequate leveldhgtigal activity. PAFs decreased after

removal of adults who died in the first 2 yeard, teimained significant.
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Discussion

In a nationally representative sample of U.S. aduk found that inadequate levels of
physical activity were associated with a significpercentage of premature deaths.
Among adults age 40-69, 10.1% of premature deaéns attributable to inadequate
levels of physical activity. Similarly, among attuage 70 or older, 9.0% of deaths were
attributable to inadequate levels of physical afgtivincreasing adults’ physical activity
to levels consistent with current guidelines &tedlthy People 2020 objectives may be

one way to decrease premature deaths in the Usteds?

Previous studies have mainly been conducted amauitsaage 40 years or older and the
association between physical activity and overalttality we found among adults age 40
or older are generally consistent with other stadiln a meta-analysis when studies
using three levels of physical activity were sumigeat, the combined estimator for the
moderately active group compared to the sedentarypgwas 0.81 and for the most
active group the combined estimator was G*78aking the inverse would give an
estimate of 1.28 for the most active group, whgkiery close to our estimate of 1.24 for

adults age 40-69 and a little higher than our esténof 1.19 for adults age 70 or older.

It is difficult to compare our PAF estimates to$haestimated in other studies because of
the different methodologies and measures of phlyatavity. One study that combined
physical activity prevalence estimates from sutaede systems with risk estimates from
the literature reported a PAF for physical ina¢yivn the U.S. of 10.8% (95% CI: 8.6,

13.1)* Another study using data from the National Heald Nutrition Examination
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Survey linked with mortality data attributed 10.996% CI: 3.0, 18.7) of deaths to
physical inactivity versus not (defined as parttipn in moderate>b times per week)

or vigorous %3 times per week) intensity aerobic physical agtvi* We found much of
the burden was attributed to physical inactivit§-@d: 7.6%, 70 or older: 7.2%) with a
smaller percentage of deaths attributed to ingeffidevels of physical activity (40-69:
2.5%, 70 or older: 1.8%). This may suggest tigsral activity programs should target
inactive adults to have the greatest influencehernburden; however, converting
insufficiently active adults to active adults maydmsier to do. When using measures of
burden to inform program planning and prioritiziftgs important to consider both the

magnitude of the burden and the likelihood of chiagdpehavior among the targeted

group.

Because previous studies have mainly been condaatedg adults age 40 years or
older, it is difficult to compare our findings fdre younger age group with other
studiest® We found no association between physical actieigl and premature
mortality in the younger age group. It may be that follow-up period was not long
enough, especially to capture deaths associatédciwibnic conditions which would be
most closely associated with physical activity leva our cohort, only 5.0% of adults
age 25-39 at baseline died during follow-up. Omethat examined this association
among those 20-44 years of age did find an assacibetween physical activity and
mortality; however, this study had follow-up data 42 years® Future research may
wish to examine this association in younger agegsavith a longer follow-up period

and multiple measures of physical activity overfibllow-up period.
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Our findings for adults age 70 or older were reklyf consistent with those in adults age
40-69. Although the difference in the magnitudehaf association of the hazard ratios or
the PAF was not substantial between the 2 age grouppostulate the association may
have been slightly diluted in those 70 or oldeinasviduals may decrease their physical
activity level as they become older.Therefore, we may have some older adults who
have changed to inactive although they had beéveanter their lifetime. This could
potentially result in the measure of physical astiin the older age group to be an
underestimation of lifetime activity and therebglilution of the association observed in

the older age group.

Several limitations of our study are noted. Wedusieservational data, which may have
biased the observed associations by introducin§pooning factors. We attempted to
reduce such bias by controlling for several factbesvever, we were not able to control
for all potential confounding factors. For exampaetive adults may have had positive
health behaviors related to diet, sleep, or paitdn in preventive care. Second, NHIS
physical activity data are derived from self-repdrinformation, and studies have
indicated that reporting bias can result in higlinestes of physical activit§? However,
individuals overestimating their physical actiwtypuld lead to a more conservative
estimate of the association between physical agtand mortality. Third, the physical
activity measure is based only on leisure-timevégtand this may have resulted in an
underestimate of physical activity levels when wundlials’ work hours and occupations

are considered. Fourth, only a single baselinessssent is available. A longer follow-
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up time period is desirable to minimize censorimgyyever, the longer the follow-up time
also means that the longer the interval betweealin@sand the event. A previous study
concluded the risk of physical inactivity is undgmamated when it is derived from a
prospective study using a single baseline measurgthdinally, reverse causation may
explain some of our association as adults may baea ill at baseline which could
influence their physical activity level and riskmobrtality. This was addressed in two
ways. First, adults identified as physically haagiped were excluded from the study.
Second, we conducted a sensitivity analysis thabwed adults that died in the first two

years of follow-up and the results were similar.

In spite of these limitations, our study has seivarangths. First, the prospective cohort
design of the study allows us to examine causaftgcond, information on many
important covariates were available which allowsdaiadjust our models for
confounding factors. Third, our physical activiteasure categorized individuals into
levels consistent with current physical activitydglines. Finally, the NHIS is nationally
representative, and has near complete mortalitgvielip for a long term period.
Because our goal was to estimate the percentggewfature deaths associated with
inadequate levels of physical activity in the UoSpulation, nationally representative
data are a preferable data source and the neardetenfglow-up will help to ensure the

generalizability of our study findings to the Ugdpulation.
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Conclusions
Inadequate physical activity is associated witigaiBcant proportion of premature
deaths among adults age 40 or older. Increasialgsdghysical activity levels to meet

current guidelines may be one way to reduce premakeaths in the United States.

Disclaimer: The findings and conclusions in this reportthiese of the authors and do
not necessarily represent the official positioth&f Centers for Disease Control and

Prevention.
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Table 6.1. Select Characteristics of Study Partipants, Decedents, and Survivors, 1990-91 NHIS LindeMortality

Files
Overall Among Decedents Among Survivors
Sample| Percent | Sample| Percent | Sample| Percent
Characteristic size¢ | % |(SE)| size | % |[(SE)| size | % | (SE)
Total 67 801 19 045 48 756
Physical activity level
Inactive 23 644 34.8 (0.5) 7984 41.3 (0.6)| 15660 32.4 (0.5)
Insufficiently active 17 363 25.8 (0.2) 4042 21.4 (0.4)| 13321 27.3 (0.3)
Sufficiently active 11738 17.4 (0.2) 2799 14.7 (0.3) 8939 18.3 (0.2)
Highly active 15056 22.1 (0.3) 4220 22.7 (0.5)| 10836 219 (0.4)
Sex
Men 28 458 47.6 (0.2) 8343 50.3 (0.4)| 20115 46.7 (0.3)
Women 39343 52.4 (0.2)| 10702 49.7 (0.4)| 28641 53.3 (0.3)
Age group (years)
25-39 27 385 40.8 (0.3) 1409 7.9 (0.3)| 25976 52.2 (0.3)
40-69 30946 47.6 (0.3) 9252 52.2 (0.5)| 21694 46.1 (0.3)
70 or older 9470 11.6 (0.2) 8384 39.9 (0.5) 1086 1.8 (0.1)
Race/ethnicity
White, non-Hispanic 5282379.3 (0.5)| 15548 83.7 (0.5)| 37275 77.8 (0.5)
Black, non-Hispanic 8564 10.1 (0.4) 2410 9.7 (0.4) 6154 10.2 (0.4)
Other 6414 10.6 (0.4) 1087 6.6 (0.4) 5327 12.0 (0.4)
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Education
Less than high school graduate
High school graduate
Some college
College graduate
Smoking
Never
Former
Current
Hypertension
Yes
No
Body mass index (BMI) category
Underweight
Normal weight
Overweight
Obese
Baseline year
1990
1991

14 2320.0
25 20737.7
13 34119.7
15 02222.6

32405 47.2
17 320 26.5
18 076 26.3

16 569 23.4
51232 76.6

1968 2.6
33 680 48.9
22 378 34.2

9775 14.3

33 495 50.7
34 306 49.3

(0.3)
(0.3)
(0.2)
(0.3)

(0.3)
(0.3)
(0.2)

(0.2)
(0.2)

(0.1)
(0.2)
(0.2)
(0.2)

(0.2)
(0.2)

7066
6747
2780
2452

7912
5964
5169

8294
10 751

710
8522
6675
3138

9731
9314

35.5 (0.5)
359 (0.4)
15.0 (0.3)
13.6 (0.4)

39.4 (0.5)
32.9 (0.4)
27.7 (0.4)

42.2 (0.5)
57.8 (0.5)

3.3 (0.1)
44.0 (0.2)
36.2 (0.2)
16.5 (0.2)

52.6 (0.2)
47.4 (0.2)

7165
18 460
10 561
12 570

24 493
11 356
12 907

8275
40 481

1258
25 158
15703

6 637

23 764
24 992

14.6 (0.3)
38.4 (0.4)
21.4 (0.2)
25.6 (0.4)

49.9 (0.3)
24.3 (0.3)
25.8 (0.2)

16.8 (0.2)
83.2 (0.2)

2.4 (0.1)
50.6 (0.3)
335 (0.3)
13.6 (0.2)

50.1 (0.2)
49.9 (0.2)

& There were 75 123 adults age 25 years or olddults categorized as physically handicapped orsetahysical

handicap status was unknown were excluded (3742)use they were not asked all physical activitystjaes.
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Adults with missing mortality or time scale datarevexcluded (742). Finally adults missing datgbwysical
activity (1113), covariates (1617), or both (10&revexcluded.

b BMI category is defined as underweight (BMI <8.&g/m2), normal weight (BMI 18.5-25 kg/m2), oveiglet
(BMI 25 - < 30 kg/m2), and obese (BMI30 kg/m2).



Table 6.2. Prevalence of physical activity by aggroup for overall sample, among decedents, and amgrthose who

survived to the end of follow-up, 1990-91 NHIS Linkd Mortality Files®

Age group and physical

Overall

Among Decedents

Among Survivors

Sample| Percent

Sample| Percent

Sample Percent

activity level size % (SE) size % (SE) size % (SE)
25-39
Inactive 8765 32.3 (0.6) 542 38.1 (1.6) 8223 32.0 (0.6)

Insufficiently active
Sufficiently active
Highly Active
40-69
Inactive
Insufficiently active
Sufficiently active
Highly Active
70 or older
Inactive
Insufficiently active
Sufficiently active

Highly Active

7643 28.1 (0.3)
4943 17.9 (0.3)
6034 21.6 (0.4)

10 693 34.6 (0.6)
8092 26.1 (0.3)
5501 17.7 (0.3)
6660 21.6 (0.4)

4186 44.0 (0.7)
1628 16.5 (0.4)
1294 13.8 (0.4)
2362 25.8 (0.6)

341 247 (1.3)
224 15.1 (1.1)
302 221 (1.3)

3641 38.8 (0.8)
2271 24.7 (0.5)
1444 155 (0.4)
1896 21.0 (0.6)

3801 45.1 (0.8)
1430 16.3 (0.4)
1131 13.6 (0.4)
2022 25.0 (0.6)

7302 28.3 (0.3)
4719 18.1 (0.3)
5732 21.6 (0.4)

7052 32.9 (0.6)
5821 26.6 (0.4)
4057 18.6 (0.3)
4764 219 (0.4)

385 35.6 (1.8)
198 17.8 (1.2
163 15.0 (1.1)
340 31.6 (L.7)

& There were 75 123 adults age 25 years or olddulté categorized as physically handicapped or whos
physical handicap status was unknown were excl(@&4R) because they were not asked all physical

activity questions. Adults with missing mortaldy time scale data were excluded (742). Finaliyltad
who were missing data on physical activity (11T8)ariates (1617), or both (108) were excluded.
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Table 6.3. Hazard ratios for all-cause mortality ly age group and physical activity level, 1990-91 NH Linked

Mortality Files®

Exclude those

Overall dying in < 2 years

Age group and physical Unadjusted dg(rjr{gztrea%;:?c: P Fully Adjusted® Fully Adjusted®
activity level HR (95%Cl) | HR (95%CI) | HR (95%CIl) | HR (95 % CI)
25-39

Inactive 1.43 (1.18,1.73) 1.20 (0.99,1.46) 1.140.9%,1.39) 1.12 (0.92,1.36)

Insufficiently active 1.05 (0.86,1.28) 1.03 (0.8425) 1.00 (0.83,1.22)1.00 (0.83,1.23)

Sufficiently active 1.00 Referent 1.00 Referent 01.0 Referent 1.00 Referent

Highly Active 1.21 (0.98,1.48) 1.15 (0.94,1.42) .14 (0.93,1.40) 1.13 (0.92, 1.39)
40-69

Inactive 142 (1.34,151) 136 (1.27,1.45) 1.251.1%, 1.34) 1.25 (1.17,1.34)

Insufficiently active 1.16 (1.07,1.25) 116 (1.a85) 1.14 (1.06,1.22)1.13 (1.05,1.23)

Sufficiently active 1.00 Referent 1.00 Referent 01.0 Referent 1.00 Referent

Highly Active 1.07 (1.00,1.15) 1.05 (0.98,1.12) .04 (0.96,1.12) 1.05 (0.98, 1.14)
70 or older

Inactive 112 (1.04,1.19) 113 (1.05,1.21) 1.131.0%,1.21) 1.08 (1.00, 1.15)

Insufficiently active 1.04 (0.95,1.13) 1.07 (0.9816) 1.08 (0.98,1.16)1.05 (0.96, 1.14)

Sufficiently active 1.00 Referent 1.00 Referent 01.0 Referent 1.00 Referent

Highly Active 095 (0.88,1.02) 091 (0.84,0.98) .9 (0.85,1.00) 0.92 (0.85,0.99)

& There were 75 123 adults age 25 years or olddults categorized as physically handicapped orsehahysical
handicap status was unknown were excluded (3742)use they were not asked all physical activitystjors. Adults
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with missing mortality or time scale data were exeld (742). Finally adults who were missing datgbysical activity
(1113), covariates (1617), or both (108) were ecetu

b Covariates include: sex, race/ethnicity, andcation.

¢ Covariates include: sex, race/ethnicity, edwratsmoking status, hypertension, and BMI category.

4 Excluded 1163 adults (25-39: 60; 40-69: 4290oi76lder: 674).
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Table 6.4. Hazard ratios and population attributalde fractions for all-cause mortality by age group ad physical
activity level, 1990-91 NHIS Linked Mortality Files

Overall Excludes those dying in < 2 yeafs
Fully Adjusted Model® Fully Adjusted Model®

Age group and physical activity Hazard Ratios PAF Hazard Ratios PAF
level HR (95 % ClI) % (95%CI) | HR (95%CIl) | % (95 % Cl)
25-39

Inactive 1.06 (0.92,1.23) 2.3(-3.4,7.6) | 1.04 (0.90,1.21 1.5-4.1, 6.8)

Insufficiently active 0.93 (0.81,1.08) -1.8(-5.7,1.9) | 094 (0.81,1.09) -1.6(-5.6,2.3)

Active 1.00 Referent 1.00 Referent

Inactive and insufficiently active 0.4(-7.8, 8.0) -0.1 (-8.4,7.6)
40-69

Inactive 1.24 (1.18,1.31) 7.6 (5.8, 9.4) 1.22 (1.16,1.28 6.9(5.1, 8.7)

Insufficiently active 1.11  (1.05, 1.18) 2.5(1.1, 3.9 1.10 (1.04,1.17 2.3(0.8, 3.7)

Active 1.00 Referent 1.00 Referent

Inactive and insufficiently active 10.1(7.4, 12.8) 9.1 (6.4, 11.8)
70 or older

Inactive 1.19 (1.13,1.26) 7.2 (5.0, 9.3) 1.14 (1.08, 1.20 5.3(3.2, 7.4)

Insufficiently active 1.12  (1.04,1.21) 1.8(0.7, 2.9) 1.11 (1.03, 1.20 1.7(0.5, 2.8)

Active 1.00 Referent 1.00 Referent

Inactive and insufficiently active 9.0(6.1, 11.7) 6.9 (4.1,9.7)

& There were 75 123 adults age 25 years or olddulté categorized as physically handicapped or wiphysical
handicap status was unknown were excluded (3742)use they were not asked all physical activitystjors. Adults
with missing mortality or time scale data were exeld (742). Finally adults who were missing datgbysical activity
(1113), covariates (1617), or both (108) were eetu



114

b Covariates include: sex, race/ethnicity, edwecatsmoking status, hypertension, and BMI category.
“ Excluded 1163 adults (25-39: 60; 40-69: 429pi70lder: 674).
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Chapter 7: Conclusions, Implications, and FurtherResearch

Conclusions

Current guidelines for aerobic physical activitggenmend for substantial health benefits
adults participate weekly in at least 150 minutesioderate-intensity equivalent aerobic
activity.! Our findings demonstrate that levels of physamlvity inadequate to meet

current guidelines are a public health burden enulsS.

This series of studies makes several additionsediterature by overcoming many of the
limitations found in previous studies estimating thurden of inadequate levels of
physical activity in the U.S. First, these studmsus on levels of physical activity that
are inadequate to meet current guidelines andmsdtieealth objectives (i.e., inactive and
insufficiently active)? while previous studies have mainly focused onlypbysical
inactivity.>* In addition, this series of studies has used filata nationally,
representative samples thereby allowing us to gdimerthe findings to the non-
institutionalized U.S. population and to overcorme limitations of previous studies that
were mainly conducted in select populatidh& Finally, this series of studies has
calculated estimates of burden directly from indial level data while controlling for
important covariates. This removes the bias that be introduced when estimates of
burden are calculated by combining risk and prexadeestimates across different data
sources and populations, as done in previous stitfié* These studies have used
rigorous methodologies to provide the most accuaateup to date estimates of the

burden of inadequate levels of physical activityhia U.S.
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Inadequate Physical Activity and Health Care Expendituresin the United States

Inadequate levels of physical activity are assedatith a significant financial burden in
the U.S. During 2006-2010, an estimated 11.5%14aB8%illion of aggregate annual
health care expenditures independent of BMI wese@ated with inadequate levels of
aerobic physical activity. When estimates weral®dated after excluding adults who
reported any difficulty walking, 8.9% or $78 billimf aggregate annual health care
expenditures were associated with inadequate |le¥gleysical activity. The
considerable financial burden associated with igadee levels of physical activity could
potentially be reduced by increasing adults’ phgisactivity to levels consistent with

guidelines and national health objectivés.

Our analysis used a conservative approach to ddrese estimates. Throughout our
analysis, we excluded adults reporting being unttbtid physical activity and we
conducted a further sensitivity analysis that estetliadults who reported any difficulty
walking due to a health problem. By excluding thadults, we moderate concerns with
reverse causality. That is, we remove those fayrwh health problem may have
influenced their physical activity level and incsed their subsequent health care costs.
By excluding this high cost group, however, we hlikely provided conservative
estimates. When these adults are excluded, weveirtbe influence physical activity
may have had on these adults experiencing thehhgablem and maintaining physical
function after the health problem. Adults who exgrece difficulty walking after a

health problem may be an important target grouphgsical activity may be one way to

improve these adults’ physical function, as weltlasrease their health care
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expenditures. Nevertheless, even with the conseevassumptions, we showed that

inadequate levels of physical activity are assediatith a significant financial burden.

Physical activity and Depression- and Anxiety-Specific Health Care Expenditures

Inadequate levels of physical activity are assediatith a significant percentage of
depression- and anxiety-specific health care exjpaed. The percentage of depression-
and anxiety-specific health care expenditures @atBuatwith inadequate levels of
physical activity ranged from 11.1% or $3.0 billisnen an attributable fraction
approach was used to 21.2% or $5.8 billion whesgaassion based approach was used.
The approach used to estimate the percentage ditmmspecific spending can greatly
influence estimates and it is important to undectahat costs the different approaches
account for. A limitation of the attributable fteom approach is that it does not account
for the influence physical activity has on diffeces in the treatment costs among adults
with depression or anxiety conditions; therefohe, attributable fraction approach can be

viewed as a lower bound of the cost estimate.

Increasing adults’ physical activity to levels cistent with current guidelines can
potentially decrease depression- and anxiety-gpdwflth care expenditures in two
ways. One way is by decreasing the prevalencefesdsion and anxiety and the second
way is by decreasing the cost to treat these dondgit It is important when examining
depression- and anxiety-specific costs associat#dimadequate levels of physical
activity that physical activity’s influence on prary and secondary prevention be

considered. In addition, when examining and coimpggpolicy analyses related to cost



118

and cost control, it important to know what cosis éstimation approach accounts for

and how the approach used may influence the matgatithese estimates.

Inadequate Physical Activity and Mortality in the United States

We found that a significant percentage of premati@@hs among adults forty and older
were attributed to inadequate levels of physicadivity. Among adults age 40-69,
10.1% of premature deaths were attributed to inaalegevels of physical activity.
Similarly, among adults age 70 or older, 9.0% aitds were attributed to inadequate
levels of physical activity. Increasing adultsygical activity levels to meet current

guidelines may be one way to reduce premature si@athe U.S.

We found much of the burden for adults age 40 dderavas attributed to physical
inactivity (40-69: 7.6%, 70 or older: 7.2%) walsmaller percentage of deaths
attributed to insufficient levels of physical adty(40-69: 2.5%, 70 or older: 1.8%).

This may suggest that physical activity prograncusthtarget inactive adults to have the
greatest influence on the burden; however, comgitisufficiently active adults to

active adults may be easier to do. When using anea®f burden to inform program
planning and prioritizing, it is important to codsr both the magnitude of the burden and

the likelihood of changing behavior among the teedeayroup.
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Comparison of Burden

Our findings suggest that improving population Ie\ef physical activity may reduce
some of the financial and mortality burden assedatith unhealthy lifestyles in the
U.S. Although methods and measures of burden aanacross risk factors, it can be
informative to compare our findings with estimadésurden for two other unhealthy
lifestyle factors: smoking and obesify.In terms of financial burden, inadequate levels
of physical activity are associated with a simif@gnitude of burden as smoking and
obesity. Studies have estimated that smoking ¢atiand former) is associated with
8.9% of aggregate health care expendifirasd obesity is associated with 9.1% of
aggregate health care expenditures in the?®) 18.terms of mortality burden, our
estimates of burden for inadequate levels of playsictivity were within the range of
those estimated for obesity (4.8%and current smoking (24.5%). Thus, inadequate
levels of physical activity appear to have a simitdluence on the financial and
mortality burdens to that of smoking or obesityod?ams that target multiple unhealthy
behaviors may be a viable option that can decrémesburden of unhealthy lifestyles in
the U.S. Future work may wish to examine the podéimfluence programs targeting
multiple behaviors could have on decreasing thedruof unhealthy lifestyles in the

U.S.
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Policy Implications

Improving population levels of physical activity yneeduce some of the financial and
mortality burden associated with unhealthy lifessyin the U.S. In order to improve
physical activity in the more than half of the Ua8lult population who are inadequately

physically active, broad reaching changes in padi@nd practices are needed.

Strategies that target community level policies prattices are promising as they can
have broad reach and can be tailored to the ndéddividual communities. TheGuide
to Community Preventive Services provides examples of approaches that communities
can implement®?® Communities can implement policies and practibesincrease
community members’ access to physical activity appuoties in conjunction with
informational outreach’ Communities can improve or implement street-sugban-
design and land-use policies that support physic@vity.?> Community level practices
and policies can help create environments that rttekéealthy choice the easy choice

for U.S. adults.

The worksite is another practical setting wheregueed and practices to promote physical
activity in adults can be implemented. Health ppotion programs implemented in the
workplace can benefit from characteristics of tteeksite environment (e.g., many
people interact with one another in close phygicakimity on a regular basis, the
population is relatively stable, and some policas be more easily mandated and

enforced than in community setting8)Policies and practices at the worksite can create
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healthy work environments through health promopohcies, practices, and changes to

the physical work environment that support physadivity.

The provision of physical activity counseling byahb care professionals can also be
influenced by policy levers. Policy changes untierAffordable Care Act (ACA)
require that qualified health plans provide cover@githout cost-sharing) for preventive
services rated A or B by the U.S. Preventive SesviEask Forc&. Physical activity
counseling interventions have been shown to hawtestdenefits on improving physical
activity levels; however, physical activity courisglhas been rated as a C for adults in
generaf? Currently, policy changes may have little inflaeron the provision of
physical activity counseling in the overall popidat however, the effectiveness of
physical activity counseling is under review foosle with existing conditions or risk
factors (e.g., known cardiovascular disease, opdsigh blood pressure, and high
cholesterol}® As the evidence of the effectiveness of physacéilvity counseling grows,
policy levers on its provision can play an impotteoie in promoting physical activity
counseling by health care professionals. Baseambostudy findings, we would also
encourage that new reviews consider the role ttmagipal activity counseling can play
for those with mental health conditions, such geelesion and anxiety, which can also

be improved by increasing physical activity levels.

Future Research

This series of studies focused on two importantsuess of burden, health care

expenditures and premature death. Future stutkasegded to examine other types of
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burdens potentially related to inadequate levelshykical activity. These burdens may
include costs related to long-term care, lost petigity from premature death and
disability associated with illness, increased atessgam in the workplace, and decreased
productivity from deficient physical and emotionall-being. Examining these
additional burdens will allow us to fully charadier the economic and societal burden of

inadequate physical activity in the U.S.

Another area of future research would be to addresassociation between inadequate
levels of physical activity and lifetime health eaxpenditures. It may be possible that
lifetime expenditures are higher for physicallyiaetadults because they live longer.
This is not only an issue for physical activity Imian issue when discussing the
prevention of many risk factors, such as smokingj@vesity, and has been debated in
the literaturé®*®” Further research into the effect of inadequatel$eof physical activity

on lifetime costs is an important although challaggrea to explore in the future.

Reverse causality is a concern for all three studrel future research may wish to
further examine the issue of reverse causalitygudifierent study designs. Reverse
causality is a concern for this series of studssalise adults may be inactive because of
poor health or previous health conditions and ity bias findings. Through multiple
sensitivity analyses conducted as part of eactystue attempted to fully examine this
issue. However, one area of future research woeild follow a cohort of adults over an
extended period of time, assess their physicaligctevels multiple times, and collect

data on their health care expenditures, medicalitons, and mortality. This type of
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prospective study would allow researchers to closgamine the reverse causality issue

and determine what influence it may have on es@émaft the association and cost.

The first study of this series examined the assiocidbetween physical activity and total
health care expenditures. Future research maytwiskamine this association when
expenditures are limited to specific payers (dgdicare, Medicaid, private insurance)
or specific types of expenditures (e.g. in-patient-patient, prescription drugs). This
would help to further define which payers and typeservices are most burdened by
inadequate levels of physical activity. Sincesilikely that the Medicaid patient
population, generally poorer and sicker, has highesity rates and less access to
physical activity opportunities, this would be a/@agroup of particular interest. Given
that the southeastern states are generally natiplguto expand access to the Medicaid
program, estimates of the costs to Medicaid astatiaith inadequate levels of physical
activity across the four regions of the country Wddoe particularly informative to policy

makers in these regions.

The second study of the series focused on two tiondj depression and anxiety.
Regular physical activity is associated with nunugrbealth benefits including reduced
risk for cardiovascular disease, ischemic strokee 2 diabetes, colon and breast cancer,
osteoporosis, and fall-related injurfésFuture studies may wish to expand our work and
examine differences in estimates from attributditsletion and regression based
approaches for other conditions. Because phyautality has been shown to play a role

in the secondary prevention and treatment of mangitions, such as hypertensior’
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hyperlipidemia?l’ diabetes;*?

and heart disea2it is likely that physical activity will
influence both the presence of the condition aedctist to treat the condition. We
expect similar differences between attributabletfom and regression based approaches
to be observed for cardio-metabolic conditions asavobserved for depression and

anxiety.

The second study of the series was limited to heate expenditures specific to
depression and anxiety. The study did not ca@dditional costs that may be attributed
to depression and anxiety. Costs that may be dered attributable include costs
stemming from the role that depression and/or anxikays as a risk factor for other
conditions (for example, depression and anxietyehHaoth been linked to hypertension,
depression has been shown to be a risk factoh&dévelopment and progression of
coronary artery disead&f°and the role that depression and anxiety may @tay
treatment costs for non-etiologically related ctiodis (for example, the presence of
depression may influence treatment adherence vdaichnfluence disease progression
and health care utilizatio§. Future studies may wish to examine the interpkstyveen
the presence of depression and/or anxiety, phyaatality level, and overall health care

expenditures.

The final study examined the association betwesmsipal activity and mortality. We
found no association between physical activity anwdltality for the youngest age group
(25-39 years). Future research may wish to exathiseassociation in younger age

groups with a longer follow-up period. In additjaur study was limited to one baseline
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measure of activity. A previous study concludesltiBk of a sedentary lifestyle is
underestimated when it is derived from a prospediudy using a single baseline
measuremerit. Future studies that examine the association leetwaysical activity
and mortality would benefit from multiple measuoéphysical activity over the follow-
up period. This would also allow researchers @ngxe differences among adults who

maintain consistent levels of activity versus thad® change activity levels overtime.

Finally, having an accurate estimate of the bumfenadequate levels of physical
activity is important for many reasons. EstimaiEburden are important for setting
research, policy, and program priorities; for useast effectiveness analyses; and for
public health planning and resource allocafiéh A related area that warrants further
research is related to the cost-effectivenessaxdifip policies and programs aimed at
increasing physical activity in communities. TBeide to Community Preventive
Services provides examples of approaches that communitiesncplement, including
community-wide activity-promotion campaigns, effotd increase community members’
access to physical activity opportunities in compion with informational outreach, and
street-scale urban-design and land-use polici¢sstiport physical activit§?*
However, little information is available relatedttee cost-effectiveness of these
approache®’ This information is important for policy and prag planners when

selecting and prioritizing programs to implementhair target populations.
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