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ABSTRACT

Exploring Sedentary Behavior as a Secondary Prevention Tarddéart Disease

Andrea T. Duran

The purpose of this dissertation seriess to describesedentary behavioand its
associations with cardiovascular dise§S&D) biomarkers and outcomes, and to explore the
potential that reducing sedentalpghaviormay bea secondary prevention target focuie
Coronary Syndrome (ACS) survivors. As such, the follovgages ofresearch studiesvaluate
the mechanisms, patterns, and correlates of sedentary behavior in relation tosk\and
examine whether sedentary behaumight bea risk factor for CVDoutcomes among ACS
survivors. In Chapter Il, a crosectional study of young, healthy aduésaminel a set of
biomarkers represdng several aspects of endothelial cell health to elucidate the relationship
between frediving, habitual sedentary time drendothelial dysfunctiorResults showedhat
there were no differences in measures of endothelial cell injury, endothelial cell reparative
capacity, or upper extremity endothelikdapendent vasodilatatioim participants with high
compared withow volumes ofdevicemeasurededentarypehavior ina sample of young, healthy
adults.These findings suggest that physiologicachanisms other than endothelial dysfunction
may need to be explored as a poteniidd between habitual prolonged sedentary time @wd
in young adultsChapter lllemployed groujbased trajectory modeling to identify distinct patterns
of sedentary behavipasmeasured by accelerometiy ACS survivorsover the28 consecutive
daysfollowing hospital dischargeind secondlyto explore potential correlates of these patterns.
Results demonstrated that ACS patients as a group engaged in high voluanesl@fometer

measured sedentary timihree patternsef sedentary behaviaver the first month postischarge



were identified;theseinvolved either gradual or rapid reductions in sedentary behavior. Several
measures of disease severity and physical health (e.g., GRAMDEisk scorephysical health
related quality of lif¢, and partner statugi.e., married or partnered or without frear), were
associated with therorstpatterrs of sedentary behavior.€., high volume of sedentary time with
only a slight decline over time). These findings providsight on the different patterns of
sedentary behavidhat emergas patientsesumeheir daily lifeover the first month postospital
discharge. Chapter 1V, builily upon the study presented @hapter Ill, examined whether
accelerometemeasurededentary behaviaf ACS survivorsover the first month postospital
discharge was assotaa with Tyear health outcome$he purpose of this study wasuiederstand
whether sedentary behavior the early post hospital discharge penody bean important risk
factor in ACS survivors,that might be targeted in secondary prevention stratedgresults
demonstrated thalhe averagsedentarypehaviorover the first month postospitaldischarge was

not significantly associated with increased risk gfehar recurrent major adverse cardiovascular
events or hospitalizations. These findings do npsrt sedentary behavian the early post
hospital discharge periaab a prognostic risk factor that shouldrbedifiedin ACS survivorsas

part of secondary heart disease prevention stratégyever studies with larger sample sge
andthat evaluatesedentary behavior patterns beydhd first month are needed. Collectively,
these studies show that high volumes of sedentary behavior are prevalent in ACS survivors over
the first montimmediately followinghospitaldischarge Future work is needed forrther study

the underlying mechanisms through which sedentary behawiy confer CVD risk andto

determine whether sedentary behavior is an impontadlifiablerisk factorin ACS survivors.
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CHAPTER |

Introduction

Acute coronary syndrome (ACS), characterized by unstable angina (UA)STon
elevation myocardiahfarction (NSTEMI), and S#levation myocardial infarction (STEMI), is
among the top causes of death in the modern, industrialized (fodter & Kovacic, 2014) In
the United States, more than 1.1 million people hospitalized annually for an ACS event
(Mozaffarian et al., 2015Despite improvements in acute care, 21% of ACS survivors will-be re
hospitalized and approximately 1 in 5 patients will die within 1 yedoahg hospitalization
(Menzin, Wygant, Hauch, dkel, & Friedman, 2008)Much of the increased morbidity and
mortality risk among ACS survivors remains unexplai(®erton, Cordiano, Palmieri, Cavuto, &
Pellegrinet, 2014; Fox et al., 2010)hus, there is a nddo identify modifiable risk factors for
intervention to increase survival and reduce recurrent events among ACS patients.

Sedentary behavior, defined as any sitting
1.5 metabolic equivalents (METS; i.e. wlaihg TV, computer use, etc.), has emerged as a distinct
cardiovascular disease (CVD) risk factor that may carry clinical relevance beyond how much one
exerciseqRoger et al., 2011; World Health Organization, 20@0®)cumulating evidence from
populationbased studies indicate that sedentary behavior is associated with elevated CVD
morbidity and mortality, and worsened CVD risk factors, such as impaired glucose regulation and
dyslipidemia(Wilmot et al., 2012) Notably, the deleterious effects of sedentary behaaier
attenuated only by high levels afoderateto-vigorous physical activity (MVPA) (~60 to 75
min/d), which exceed physical activity recommendati@akelund et al., 2016; Garber et al.,

2011) This raises the question as to whether reducing seddrghayior may represent another



therapeutic target for secondary prevention and rehabilitation of ACS survivors, in addition to
existing MVPA recommendations (Amsterdam et al., 2014).

To understand the clinical utility of sedentary behavior reductiorsasandary prevention
target inACS survivors the biological mechanisms that underlie the deleterious relationship
between sedentary behavior and CVD must be established. Endothelial dysfunction, an early
pathogenic process underlying atherosclerosis, goaising mechanism purported to be a
contributing factor to the sedentary behan@rD link (Ross, 1999; Versari, Daghini, Virdis,
Ghiadoni, & Taddei, 2009 he sitting posture (the primary sedentary posturenptes muscle
inactivity of the lower extremities and changes in the angles at which the femoral and popliteal
arteries rurfRestaino, Holwerda, Credeur, Fadel, & Padilla, 20&iiting adversédemodynamic
changes within the arterial tre¢Delp & Laughlin, 1998; Padilla, Johnson, et al., 2009; Padilla,
Sheldon, Sitar, & Newcomer, 2009; Restaino et al., 20A5)such it is hypothesizedthat
prolonged sittingnay conferCVD risk by exposing the endothelium to a{atherogenic milieu,
facilitating endothelial dysfunction over timglamilton, Hamilton, & Zderic, 2007; Thosar,
Johnson, Johnston, & Wallace, 2012}his sittinginduced endothelial dysfunction hypothesis is
confirmed,sedentary behavior reduction may be a meaningful secondary prevention target for
ACS survivors.

In addition to understanding the mechanism¢, 6 s | mportant to descr
pervasivenessfesedentary behavior in ACS survivors during the period immediately following
hospitalization, as well as determine whether these patterns are linked to survival and recurrent
cardiac events. Currently, no studies have examined the amount of time AGSrsuenigage in
sedentary behaviors immediately after hospitalization, a critical time period when lifestyle

interventions ideally begin (e.g., cardiac rehabilitation). Therefore, the purpose of this dissertation



series is to provide a foundatiohempirial evidence t@ecognizethe implications osedentary
behavior as a potential secondary prevention target for ACS survivors. As such, the following
research studies attempt to understand the mechanisms, patterns, and correlates of sedentary
behavior in r&ation to CVD, as well as whether sedentary behavior is linked to CVD health
outcomesn ACS survivors
Significance

Technological advancements in transportation, communication, the workplace and
domestieentertainment have cultivated occupational, h@me social environments that oblige
or promote sedentary behavi@rownson, Boehmer, & Luke, 2005; Owen, 2Q18% a result,
time spent in sedentary behavior has continued to increase and physical activityhésrels
continued to decline over the past 50 years in the United $kde® Popkin, 2012)U.S. adults
now spend an alarmingt® 10 hours per day in sedentary behavior, including occupational sitting,
TV viewing, and computer ug®unstan, Howard, Healy, & Owen, 2018iven the ubiquitous
nature and high volumes of sedentary behavior detected among U.S. adults, as well as the adverse
health consequence$too much sitting (previously described), there is an urgent need to identify
populations that spend excessive time engrossed in sedentary befRosmsberg edl., 2015)
ACS survivors, a vulnerable population at high risk for recurrent cardiac events and mortality,
experience psychosocial and physical barriers to movement as they regain functional
independence, (re)form lifgde habits and integrate back into their daily activi{@snraads et
al., 2012; Yates, PricEowlkes, & Agrawal, 2003)Consequently, ACS survivors may engage in
high volumes of sedentariness after hospitalirafi hus, efforts are needed to understand whether

sedentaryreduction strategies are neededthe vulnerable population of ACS survivors.



By employing a multfaceted, comprehensive approach to characterizing sedentary
behavior and its underlying phgsbgical mechanisms, this dissertation series will provide a
foundation for understanding the implications of sedentagiyiction strategies in ACS survivors.

Collectively, the findings from the studies included in this dissertation series will:

1) impart crweial insight as to whether endothelial dysfunction eoatributing factor to
the sedentary behavi@VD link.

2) characterize ACS survivors according to their sedentary behavior as they recuperate
from their ACS event, which may reveal unique patterns abdets of patients in
whom sedentary reduction strategies may be most beneficial.

3) provide fundamental information about whetbedentary behavior is an important risk
factor of CVD outcomes and hospitalizations in ACS survivors, which can inform

secondey prevention guidelines.

Overview

This dissertation series on sedentary behavior and CVD includes three discrete, yet related,
crosssectional studies that focus on 1) endothelial dysfunction as a potential underlying
mechanism that links sedentary beior to CVD, 2) the characterization of sedentary behavior in
ACS survivors during the first month polkbspital discharge, and 3) the exploration of the
association between sedentary behavior during the first monthhpsgital discharge and
increasedisk of health outcomes in ACS survivors. Study one examines the association of habitual
sedentary behavior with comprehensive markers of endothelial dysfunction among young, healthy
adults. The second study employs gréagsed trajectory modeling to idegtdistinct patterns of
sedentary behavior, measured by accelerometry for 28 consecutive dalgegmotstl discharge,

in ACS survivors, as well as potential correlates of these patterns. The third study, which builds

4



off the methods of study two, utilizesx proportional hazard regression modeling to calculate the
hazard ratio for health outcomes associated with sedentary time, with the goal to understand
whether sedentary behavior during the first month post hospital discharge is an important risk

factorof recurrentardiacevents and hospitalizations in ACS survivors.

The specific aims of this dissertation are to:

1) comprehensively examinehether habituabccelerometemeasured sedentary time is
associated with markers ehdothelial function in a cohioof healthy adults

2) identify and evaluate patterns of change in sedentary behavior over tbay 28
convalescent period following ACS, as well as identify correlates of the observed patterns

3) determine whethegiccelerometemeasured sedentary behavior isoassted with risk of
1-year recurrent major adverse cardiac events and recurrent hospitalizations in ACS

survivors.

The hypotheses for each specific aim of this dissertation are:

1) greater sedentary timeillvbe associated witpboorer endothelial cell hehltin healthy
adults (i.e., lower endothelialdependent vasodilatipnhigher circulatingendothelial
microparticleslower circulatingendothelial progenitor cells

2) ACS survivors will exhibit at least two unique patterns of change in sedentary behavior
over the 28day period poshospital dischargand markers of disease severity will be
correlates of theeunique patterns

3) greater sedentary time during the first month yaspital discharge will be predictive of
increased 4year risk of recurrent major advee cardiac events and recurrent

hospitalizations in ACS survivars



Dissertation Structure

Chapters I, Ill, and IV are three separate studies that have utilized accelerometry to
measure sedentary behavior in adults with and without ACS, with the ovegagdal to provide
empirical evidence to support further exploration of sedentary behavior as a potential secondary
prevention target in ACS survivors. Accordingly, ChapterdVilaim to understand the
mechanisms, characterization, and correlateacoterometermeasured sedentary behavior in
relation to CVD, and whether this behavior is linked to CVD health outcomes. For each chapter,
an abstract, introduction, methods, results, discussion, conclusion, references, related tables and
figures and supplendal materialare presentedAppendix A includes the literature review for
the dissertation seried\ppendix B includesdetails abouthe EndoPAE protocol used to
measure endotheli@ependent vasodilation in study one. AppendooGtains information othe
endothelial cell transformations used éaich outcome variable gtudy one. Appendix D includes
the calculations used to derive the estimate statement for obtaining mean sedentary time in the
multilevel growth curve models in study three. AppendiEesdF comprises all relevant study
instrumentaused withinstudy one and study two/three, respectivBiglatednstitutionalReview
Board documentfom Teachers College, Columbia University, and where applicable, Columbia
University Medical Center, ani@cluded for all primary dissertation studies and are provided in

Appendix G.
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CHAPTER Il

Exploring the Asscaiations Between Habitual Sedentary Behavior and Endothelial Cell
Health
Abstract

Endothelial dysfunction, an early pathogenic process underlying atherosclerosis, is a
mechanism that may explain the link between prolonged sedentary time and cardiodaszasar
(CVD). However, theelationship between habitual sedentary behavior and markers of endothelial
function have yet to be exploredurpose: Examine the association atcelerometemeasured
sedentary time witlmarkers ofendothelial functionM ethods. Participants (n=8343.4% male;
25.5+5.8 y with valid accelerometer arehdothelial functiomlata from thdPutativeMechanisms
UnderlyingM yocardiallnfarctionOnset andEmotions (PUME) studyere examined. &lentary
behaviorand moderat¢o-vigorous physical activity (MVPA)were measured for -gdays by
accelerometer Endothelial function measures included endotheldependent vasodilation
[reactive hyperemia index (RHI)]; circulating endothelial microparticles (EMPs) [CD62E+ and
CD31+/CD42 surface mekers]; and circulating endothelial progenitor cells (EPCs)
[CD34+/CD133+/KDR+ and CD34+/KDRsurface markers]Participants were classified as
having high or lowsedentargime based on a median split of tasadentaryime. Multivariable
regressioawere used texamine differences of endothelial cell variables between low and high
sedentarybehaviorgroups Models were adjusted for age, sex, race, ethnieityl education
(Model 1), MVPA (Model 2), and body mass index (ModelR¢sults: Mean (£SD) seddary
time and MVPA for the overall sample was respectively 9.9 + 1.7 h/day and 64.5 + 28.0 min/day
over a 1eéhour waking day. Participants thelow andhigh sedentarypbehaviorgroups spent a

mean (SD) 08.6 + 1.1 and 11.1 + 1.0 h/deysedentaryime, respectivelyover a 16hour waking
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day.No significant differences betweémelow andhigh sedentarypehaviorgrous were detected
in RHI, EMPs (CD62E+, CD31+/CD4R. or EPCs CD34+/KDR+, CD34+/CD133+/KDR+)
even after adjusting for selected covarigfe=).05 for all).Conclusion: Among young, healthy
activeadults,sedentary behavior was not associated with markers of endothelial cell health. This
suggests that, in this population, mechanisms other than endothelial dysfunction should be

explored as @aotentiallink between prolonged sedentary time and CVD.
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Introduction

Accumulating evidence indicates that prolonged sedentary time is associated with incident
cardiovascular disease (CVDijcidence ofCVD-related risk factors, and mortalitgotentialy
independent of moderate-vigorous physical activity (MVPA]Biswas et al., 2015; Wilmot et
al., 2012) However, the mechanisms underlying the associations between sedentary behavior and
CVD have not been eluatked.Endothelial dysfunction, an early pathogenic process underlying
atherosclerosis, is jutative contributorymechanismR. Ross, 1999; Versari, Daghini, Virdis,
Ghiadoni, & Taddei, 2009 hesitting posturethe primary sedentary postuf@pmotes muscle
inactivity of the lower extremities and changes in the angles at which the femoral and popliteal
arteries run, causing bends within the arterial tReestaino, Holwera, Credeur, Fadel, & Padilla,
2015) These physiological conditions elicit hemodynamic chattggsnclude blood pooling in
the legs, decreased thigh and calf blood flow, and augmented turbulent blood flow in the deformed
arterial segmentfDelp & Laughlin, 1998; Padilla, Johnson, et al., 2009; Padilla, Sheldon, Sitar,
& Newcomer, 2009; Restaino et al., 201Bpr tresereasos, it is thought that prolonged sitting
promotes atherosclerosis and increased CVD bgkexposng the endothelium to a pro
atherogenic milieu, facilitating endothelial dysfunction over t{iidamilton, Hamilton, & Zderic,

2007; Thosar, Johnson, Johnston, & Wallace, 2012)

Experimental evidence frotaboratory studies has shown that prolonged exposure to the
sitting posture blights endothelial function in the leg vasculature, as indicated by impaired
endothelialdependent vasodilation (EDV) in the popliteal and femoral arteries following
uninterrupte sitting bouts of 16 hours(Morishima et al., 2016; Morishima, Restaino, Walsh,
Kanaley, & Padilla, 2017; Padilla & Fadel, 2017; Thosar, Bielko, Mather, Johnston, & Wallace,
2015) This sitting induced, legpecfic endothelial dysfunction, however, has shown to be

restored with light muscular activity (e.g., lightensity walking, leg fidgeting, etc.), questioning
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the longterm effects of prolonged sitting on the vasculature outside the context of an acute
labaratory setting(Morishima et al., 2016; Thosar et al., 2018loreover, the laboratory based
models employed in existing studies are limited because 1) acute periods of sitting in the lab over
a single day (or in wst cases a few hours) is not indicative of chronic exposure to sitting (e.g., 24
hours, 7 days/week), and 2) the control conditrmmmovement of the legs and feet in the sitting
positionfor hours at a time) does not have real world generalizabititesiew adults engage in
such prolonged, uninterrupted sedentary periods during a typical day (e.g., workday). Thus, it is
unclear if chronic exposure to such conditions with prolonged sitting contributes to endothelial
dysfunction. Observational studietherefore, are needed to determine whether-livesy,
habitual patterns of sedentary behavior (indicative of more chronic exposure) are linked to
impairments in the function of the vasculature.

Studies conventionally define endothelial dysfunctiolely as an impairment in EDV.
This narrow focus provides insight concerning only one aspect of endothelial fuhetiapased
investigations have elucidatéite upstream processes underlying endothelial dysfunction, which
include endothelial cell injury and diminished endothelial cell reparative capacity. A
comprehensive evaluation of endothelial functian only includes the assessmen&aiV, but
also cellular measures such as circulatamglothelial microparticles (EMPs) and circulating
endothelial pogenitor cells (EPCgPeanfield, Halcox, & Rabelink, 200.7)herefore, hepurpose
of the current study was tmmprehensivelgxaminewhetherhabitualacceleometermeasured
sedentary time is associated with markeremdothelial functionincluding EDV, circulating
levels of EMPs (a measure of endothelial cell injury), and circulating levels of EPCs (a measure

of endothelial cell reparative capacity), in éhod of healthy adultslt was hypothesized that
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participants with greater sedentary timeuld exhibit poorer endothelial cell healthd., lower

EDV, higher circulating EMPs, lower circulating EPCSs)

Methods

Participants: Healthy adult participants wessnrolled into théPutative Mechanisns Underlying
Myocardial Infarction Onset anBmotions (PUME) study, a laboratebased, singkblind,
randomized controlled experimental study conducted from September 2013 to December 2018
(N=280). As described elsewige PUME was designed to examine the impact of induced negative
emotions (i.e., anger, anxiety and sadness) on endothelial fu(ietisari et al., 2018)nclusion
criteria included adults 018 years of age wif
individuals with any: (a) chronic medical condition including prevalent CVD and traditional CVD
risk factors including history fohypertension, diabetes, dyslipidemia; (b) active smoking; (c)
medication use including owtne-counter drugs and herbal medications; or (d)-egbrted

history of psychosis, mood disorders, or personality disorder diagnoses.

Instrumented measures sédentary behavior were collected in a subsample of PUME
participants over the period from October 2014 to December 2018. All active PUME patrticipants
were invited to complete a-day accelerometer protocol: 160 were eligible and consented to
participate 66 declined or were unable to be scheduled, and 94 participated. Excluding those with
missing data and neadherent wear time (n=11), useable data were available from 83 participants.
Thus, the analysis was restricted to participants who were adherenatcelerometry protocol
requiring at least 3 days with 10 or more hours of wear over a consectdiag [Feriod.
Characteristics of PUME participants included and those excluded in the present analyses are

presented in Supplemental Table 1.
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ProceduresPar t i ci pants came into the Center for B:
laboratory on two occasions. The first visit entailed collection/measurement of endothelial
markers, for which the participants were instructed to arrive at 08:30 am fajlewast from the
previous midnight, and to refrain from any st
To maintain adequate hydration levels, participants were asked to drink 64 ounces of water in the

24 hours pri or ivabthey \weeeiescorted tsaitemperaiopatoolted raamrand

seated in a comfortable chair for the entire visit, which lasted approximately 3.5 hourgaddzd
intravenous catheter was inserted into an antecubital vein of the dominant arm. Afteferds, t
participant was instrumented with the EndoPAT
Following this rest, EDV assessment was completed (described below). Blood was then drawn

into serum tubes, EDTA tubes and citrate tubes. The first tube ofithdrawn blood was

di scarded (i .e., 6di scard tubed) to avoid sp
improve sample qualityHeiligersDuckers, Peters, van Dijck, Hoeijmakers, & Janssen, 2013;
Munnix, Sclellart, Gorissen, & Kleinveld, 2011)One citrated tube was used to measure
circulating EMPs. One EDTA tube was used to measure EPCs.

Accelerometer Protocol A second visit was scheduletd1Z days after the initial laboratory visit.

At the second visitparticipants were fitted with the activPEL (V.3, PAL Technologies,

Glasgow, UK), a thigiworn triaxial accelerometer and inclinometer that has been validated for
determining step counts, physical activity, activity intensities, posture (sitting/lyinglirsgaor

stepping), and sedentary time in healthy adi@tsdfrey, Culhane, & Lyons, 2007; Grant, Ryan,

Tigbe, & Granat, 2006; Hart, McClain, & Tudbocke, 2011; KozeyKeadle, Libertine, Lyden,
Staudenmayer, & Freson, 2011; Lyden, Keadle, Staudenmayer, & Freedson, 2017; Lyden,

Kozey Keadle, Staudenmayer, & Freedson, 2012; Ryan, Grant, Tigbe, & Granat, 20G6)
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activPALE was waterproofed via a nitrile sleeve and worn by participants on the midline of their

right thigh, held in place with a hypoallergenic adhesive dressing (Hypafixregaderr& ).
Participants werenstructed to wear the device continuously for 7 days and to not remove the
monitor unless it was to be fully submerged in water (e.g., swimming, Pattticipants were also

asked to complete a sleepandwedar me | og sheet to record daily
times, and times when the device was removed (if any).

Accelerometer ProcessingTime-stamped 15econd epoch data files were expomsthg the

activPALE software for subsequent processing and analysis in SAN@&wvear and sleep time

recorded in the logs were excluded from analyses. For each participant, minutes of sedentary time,
light-intensity physical activity (LIPA, defined ds5-2.99 metabolic guivalents [METs] which

are derived from stepping cadence), and MVPA
stepping cadence) were summed for each day an
h of wear) t o de@ydenetal, @01BSedentaayyadd MWRA baués svere also
quantified. A sedentary bout was defined as consecutive epochs in which the adivPAL
registered no standing or stepping events of any ledgthMVPA bout was defined as any
stepping period of 010 minutes for which each
an activity i nWe cordctedyfor thé infl@Bce ofl Ealfos in wear time by
standardizing sedentary time using the residuals obtained when regressing sedentary time on wear
time (Healy, Matthews, Dunstan, Winkler, & Owen, 2011; Qi et al., 2015; Willett & Stampfer,
198). As a result, sedentary time is expressed as the mean predicted sedentary time given a wear
time of 16 h/day.

Endothelium-dependent Vasodilation Endothelialdependent vasodilation was determined

using the reactive hyperemia index (RHI), which is meas as the transient increase in blood
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flow following a brief period of arterial occéion. RHI moderately correlates with endothelial
vasodilator function in the coronary arter{fsero O. Bonetti et al., 20049nd with brachial flow
mediated dilation(Kuvin et al., 2003) RHI was assessed using EndoBAJ000, a validated
peripheral arterial tonometry (HA device(Barac, Campia, & Panza, 2007; Piero O. Bonetti et
al., 2004; Goor et al., 2004; Hansen, Butt, HMiidiz, Karlsson, & Kruuse, 2017A finger probe

for the EndoPAE 2000 device was placed on the firggitiof each hand. A blood pressure (BP)

cuff was placed on the natominant forearm for inducing reactive hyperemia. After

instrumentation, the participant relaxed for
completed.

To induce reactive hyperemia,h e BP cuf f was inflated to
systolic BP (i.e., whichever occlusion pressurt

and then the cuff was deflaté@d. O. Bonetti et al., 200Bjiero O. Bonetti et al., 2004; Goor et al.,

2004) RHI was calculated as the ratio of the average amplitude of the PAT signal through the
rangeofa90l 20 s period post defl ation, divided by
a 2 mi n e euffinflatibn (bee festing periofHamburg et al., 2008RHI values were

then normalied to the concurrent signal from the contralateral, controlBrr®. Bonetti et al.,

2003; Piero O. Bonetti et al., 2004; Kuvin et al., 20@3¢ontrol for fluctuations in sympathetic

nerve outflow that may incte changes in peripheral arterial tone, superimposed on the hyperemic
respons€Axtell, Gomari, & Cooke, 2010)

Endothelial-cell Derived Microparticles: Enddheliatcell (EC) injury was assessed by
measuring circulating EMR8oulanger, Amabile, & Tedgui, 200@)revious studies indicate that

peripher al EMPs expressing CD62E+ are phenoty
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CD31+ are i ndi c dBeinatMizrachi et &.,2008;i>ar@atebak, 2095; Jaagu
Jimenez et al., 2003)

EMPs were measured using flow cytometry as previously desdideedatMizrachi et
al., 2003; Garcia et al., 2005; Joaquin J Jimenez et al., .20@8ted blood was centrifuged at
160xgf or 10 mi n t-dch plasragpo(RRPx ang theaPRIR Was further centrifuged for
6 mi n gtt ol 5000b0tI@daomplagima ¢PPRY. Fitytmicroliters of PPP were incubated with
t wo sets: (a) 4 @dnjugatednohoglana @anbytdlyr t o CPBYX ( BD)
of fluorescein isothiocyanate (FIT@€pnjugated monoclonal antibody to CD42b (BD); and (b)
5 OL -aoiijuge®eE monoclonal antibody to CD62E (BD). EMPs were defined as the number
of particles with a ostiely @beked by CD62ER (EMPIlexprebsmng we r
CD62E), and positively | abelled by CD31 and ne
Appropriate FITClabelled and PHabelled isotypanatched IgG were used as negative controls.
Using standard beads (Bahaboratories), total flow cytometry counts for each experiment were
converted to the number of EMPs per microliter.
Endothelial Progenitor Cells The EC reparative capacity was assessed by measuring circulating
EPCs, which are bormarrowderived hematagetic progenitor cells that differentiate into
mature ECs and contribute to EC repair after ischemic injury. A reduced number of EPCs
expressing CD34+/CD133+/KDR+ and CD34+/KDRave been associated with increased risk
of subclinical atherosclerosis, ishic stroke, and future vascular eve(fadini et al., 2006;
Jevon, Dorling, & Hornick, 2008; Marftabregas et al., 2015; Schmldtcke et al., 2005; Carmen
Urbich & Stefanie Dimmeler, 2004; Werner et al., 20@lpod samples were prepared and
processed using flow cytometry (BD FACS Calibur) and analyzed using previously published

protocols(Jelic et al., 2008; Peichev et al., 2000; Shimbo et al., 2013; Carmen Urbiclfiefi&te
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Dimmeler, 2004; Werner et al., 200®3lononuclear cells in EDTAnticoagulated blood were

isolated by densitgradient centrifugation with Ficoll (Sigma) and counted using a Coulter

Counter (Abx Pentra 60, Horiba). One million mononuclear cells iest aliquoted and

incubated with 15 OL mo-spedfic @ndingwiantibo8iesgiotiaved t o b

by an incubation with monoclonal antibodies against human KDRI (REb e | | e d ) (10 Ol

Systems), CD34 (FITC abel | ed) (20 O(PCIBbD!l had) CpP26830L;

Biotec). Isotypeadentical antibodies IgGPE (BD), IgGFITC (BD) and IgG2bAPC

(eBioscience) served as negative controls. Data were gated on the mononuclear lymphocytic

population, and 500,000 events were collected irgted region for each sample. Data for the

two EPCs measures were expressati@proportiorof the mononuclear lymphocytic populations

that consist of CD34+/CD133+/KDR+ cells, the primary EPC outcome and CD34+/KDR+ cells,

a secondary EPC outcome.

Statistical Analyses Participants were classified into high and low total sedentary time groups by

a median split of 589 min/day of sedentary time. Descriptive statistics, including means * standard

deviation and frequencies, were computed to characterizeghehd low sedentary groups. For

each endothelial cell variable, outliers were winsorized and thereafter transformed when

appropriate. EMP data were multiplied by a correction factor of 0.91141 and natural log

transformed. EPC data were divided by a cdivecfactor of 20,000 to convert raw data into a

proportion of antbody per 20,000 cells and square root transformed because zero was a possible

value EMP and EPC data were transformed back to its original scale for ease of interpretation.
Multivariablelinear regression models were used to compare the levels of each endothelial

cell variable (RHI, EMPs and EPCs) between high and low sedentary gRyigrso evaluating

the association between sedentary time and each endothelial cell variable, weredrbige
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different possibilities for education to be included in adjusted modetsth&n conducted a
forward selection regression analysis and found ¢datation represented as a binary variable
that dichotomized participants by education less thallege degreer at least a college degree
added the most predictive value above age, sex, ethnicity andUreagjusted models were first
conducted. Subsequent models adjusted for age, sex, race, ethnicity and education (Model 1), and
further adjusted iIoMVPA (Model 2) and body mass index (BMI) (Model 3). As a sensitivity
analysis, all analyses were repeated with total sedentary behavior expressed as a continuous
variable in hours/day.

As some evidence suggests that prolonged, uninterrupted sedenttryebg. sitting for
hours at a time) may potentially be the most hazardous form of sedentary bdbasmr
Goldsmith, et al., 2017; Diaz, Howard, et al., 2017; Healy et al., 2008; Healy et al., 8@11)
aboveanalyses were repeated examining mean sedentary bout duration (a measure of overall
prolonged, uninterrupted sedentary behavior that has been linked to mortality) as the exposure
variable.Participants were classified into high and low sedentary boupgrboy a median split
17.2 min/bout of mean sedentary bout duration, respectisélgnalyses were conducted using
SAS, version 9.4 (SAS Institute).

A priori power analyses were conducted using Power Analysis and Sample Size Analysis
Software Version:18.1. The sample provided 80% power to detect the least meaningful
detectable difference of 0.5, 492.1, 209.2, 83.9, and 2.5 between groups for RHI, CD62+ EMPs,
CD631+/CD42 EMPs,CD34+/KDR+ EPCs, and CD34+/CD133+/KDR+ EPCs, respectively.
Results
Participants: The mean (+ SD) of age and BMI of the overall sample (n=83) was 25.5+5.8 yr and
24.1+4.0 kg/m, respectively. Participants were predominantly female (56.6%), 25.3% were

Hispanic, and the majority had at leastalegedegree(75.9%). Sedentary behawi accounted
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for 61.7 £ 10.2 % of wear time, equivalent to 9.9 + 1.7 hours/day ovehaurBvaking day. The

mean (£SD) mean sedentary bout duration ¥8% + 7.4 min/bout. LIPA and MVPA accounted

for 31.6 + 9.3 % and 6.7 = 2.9 % of wear time, respelgtivarjuivalent to 306.6 + 95.8 min/day

and 64.5 + 28.0 min/day.able 1 presents the characteristics of the 83 participants classified into
the high and low sedentary groups according to total sedentary time. Participants in the high
sedentary group wesggnificantly younger in age, more likely to be male, and engaged in lower
levels of MVPA.

Sedentary Behavior and Endothelial Cell Health Differences in the markers of endothelial cell
health between the high and low total sedentary time groups are shdable 2. In unadjusted

and adjusted models, there were no significant differences between high and low total sedentary
time groups in endotheli@ependent vasodilation as indicated by the RHI. There was also no
significant difference in circulating Vels of EMPs CD62E+ andCD31+/CD42) or EPCs
(CD34+/KDR+ and CD34+/CD133+/KDR+) in both unadjusted and adjusted models. In an
unadjusted model and after adjustment for age, sex, race, ethnicity, and education, circulating
levels of CD62E+EMPs trended toards being significantly lower among those in the high
sedentary group; however, this difference was no longer close to statistical significance after
additional adjustment for MVPA (Model 2) and BMI (Model Similarly, when high and low
sedentary groupsvere defined according to accumulation of sedentary time in prolonged,
uninterrupted sedentary bouts (e.g. mean sedentary bout durdtierd, were no significant
differences between the high and low groups for any of the endothelial measures (Thble 3)
sensitivity analyses expressitagal sedentary time and prolonged, uninterrupted sedentary bouts
as continuous variables, there was no significant associations observed for any of the endothelial

cell variables (Supplemental Table 2 & 3).
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Discussion

In this crosssectional study of young, healthy adult& evaluated a comprehensive set of
biomarkers that represent several aspects of endothelidiezdth to examine the relationship
between frediving, habitualsedentary timand endothelial dysfunion. It washypothesized that
participants with greater sedentary timeuld exhibit poorer endothelial cell healthd., lower
EDV, higher circulating EMPs, lower circulating EPGSpntrary tothis hypothesisit wasfound
thatthere were no differems in measures of EC injury, EC reparative capacity, or upper extremity
EDV in participants with high compared with low volumesaotelerometemeasured sedentary
time among assample ofyoung healthy adultsThese findings provide preliminary evidencatth
habitual sedentary behavior does not incur CVD risk, in part, through endothelial dysfunction.

EDV of the peripheral upper extremities has been shown to be highly correlated with EDV
of the coronary arteries, and it has demonstrated prognostic béltnd traditional CVD risk
factors(Matsuzawa, Kwon, Lennon, Lerman, & Lerman, 2015; Poredos & Jezovnik, 2013; Takase
et al., 1998) Previous experimental findings from Thosar et al. (2014) and Padilla et &) (200
collectively demonstrated that an acute bout of prolonged sitting causes impairment in brachial
artery shear rate patterns (e.g. decrease in antegrade shear rate, increase in oscillatory shear index)
in young, healthy adults; however, paradoxically bralc artery FMD was preserved. The
preservation of brachial artery FMD, despite alterations in brachial artery hemodynamics, was
postulated to be due to the acute exposure and relatively short duration of sitting (i.e., 3 hours),
necessitating a need toueidate the relationship of upper extremity endothelial function with
chronic exposure to sedentary behavior. Utilizing-day accelerometer protocol to ascertain
habitual levels of sedentary behavior levels (which we infer to be reflective of chrongues o
sedentary time), no differencesre observeth RHI among those with higher and lower levels

of freeliving, habitual sedentary behavior, suggesting that sedentary behavior does not attenuate
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EDV of the upper extremities. This may be becausattezies of the upper extremities are more
resilient to reductions in shear compared to arteries of the lower extremiteheassclerotic
lesions are distributed nonuniformly throughout the vasculature and develop primarily in the lower
extremities (Pdilla & Fadel, 2017)However the lack of differences ithe systemic measures of
endothelial cell injury and repaimong those with higher and lower levelseflentary behavior
supporttheseEDV results, suggesting thamdothelial dysfunctiodoes nomanifestas a result of
chronic exposure to sedentary behavior

Jenkins and colleagues (2013) were the first to pravidévo experimental evidence that
disturbed blood flow in the distal forearm acutely induces endothelial activation and apoptosis in
humans, as reflected by release of microparticles from activ&@@®®b2E) and apoptotic
(CD31/CD42b) endothelial cells. As the sitting posture promotes blood pooling in the legs,
decreased thigh and calf blood flow, and augmented turbulent blood ftbe deformed arterial
segmentgDelp & Laughlin, 1998; Padilla, Johnson, et al., 2009; Padilla, Sheldon, et al., 2009;
Restaino et al., 2015}t is hypothesized that sustained reductions of shear stress astafresul
chronic exposure to high volumes of sitting would result in elevated circulating EMPs. In support
of this hypothesidNavasiolava et al. (2010) and Boyle et al. (2013) @sgebrimental models of
physical inactivity (dry water immersion for 7 days;,6@0 steps for 5 days) and found that
circulating EMPs indicative of endothelial apoptosis (i.e., COBD42b EMPs) were
significantly elevated following induction of inactivity. However, no changes were observed in
circulating EMPs indicative of endotll activation (i.e., CD628 in either studyBoyle et al.,
2013; Navasiolava et al., 2010Because this marker is only expressed and released from
endothelial cells when they are in an inflamed state, it wasthgpized that the lack of increase

in CD62E" EMPs was due to the relatively short nature of the study desigrdéys) wherein
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substantive inflammation was not incurred to facilitate EMP reléBegle et al., 203; J. J.
Jimenez et al., 2003; KrogWladsen et al., 2010 he finding that circulating CD62EEMPs

levels were similar among young, healthy adults with high and low amounts of habitual sedentary
behaviorin the current studyhowever, does not supportighhypothesis, suggesting that the
inflammatory milieu necessary for the CD62EMP phenotype to be expressed may not have
been presentin h e c u r r populatiorsof youhg, Bealthy adults whom exhibit higher levels

of habitual sedentary behavior. rhermore, no differencesvere observedn circulating
CD31+/CD42b EMPs between participants with higher and lower levels of habitual sedentary
behavior, which is also contrary to previous experimental findings from Navasiolava et al. and
Boyle et al. Resons for the discrepant findings are unclear but could be attributed to differences
in study design (crossectional vs. acute induction of inactivity wherein it is difficult to ascertain
whether the observed effects are the result of increases in sgdeshavior or reductions in
MVPA), inclusion of women (only men were studied in the previous experimental studies), and
differences in the processing and analyzing of EMPs (which widely vary from investigator to
investigator).

Bone marrowderived EPCs ae circulating precursors of EC that have the ability to
promoteendothelial repair, regeneration, and neovascularizgfidams et al., 2004; Mobius
Winkler, Hollriegel, Schuler, & Adams, 2009; Umemura & Higaship&0C. Urbich & S.
Dimmeler, 2004) Physical exercise can promote EPC mobilization from the bone marrow into
circulation, while detraining and experimental induction of physical inactivity for 10 days have
been shown to reduce circulating EPCs, suggetstiaeregular physical activity is necessary to
maintain EPC level@Guhanarayan, Jabiski, & Witkowski, 2014) As suchgchronic exposure to

a sedentary life style may be associated with lower percentage of EPCs amon@/adulRoss,
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Malone, & FloridaJames, 2016; S. Witkowski et al., 201Qpntrary to this hypothesisthe
current studybserved no differences in circulating EPC levels betvwegimand low sedentary
individuals Similarly, D 6 a s cardncblleagues (2016) found that no differences in resting
levels of circulating EPCs were deted between elite athletes and aged sexmatched
sedentary healthy subjectStudies evaluating the effect of physical activity interventions on
circulating EPCs have yielded inconsistent results wherein physical activity interventions have
been reporte to yield improvements in circulating EPCs among patients with coronary artery
disease, coronary artery disease risk factors, or heart failure, while no improvements were
observed among healthy young and older r{feawrah Witkowski et al., 2010As such, it is
plausible that basal levels of circulating EPCs are static in disesespopulations, which may be

a contributing factor to the laai differences in circulating EPCs observed in the present study.
Future studies in older populations and those with chronic diseases may be warranted.

There are several strengths to our study. Fingt,current studwtilized both EDV and
molecular mesures of endothelial functioiMeasuring EMPs and EPCs, in addition to EDV,
enabled us to complete a comprehensive evaluation of EC kedltd systemic levelhich is
essential to unveil the complex processes that underlie endothelial dysfunctipiCeigjury,
repair and regeneration). Second, the activPAlas used for measuring habitual sedentary
behavior. This device is widely considered the egilthdard measure of sedentary behavior

because it is extremely a cdevicesaapable 6f Oigisgeishinga n d

motionless standing from sedentary time, thus allowing us to adhere to the consensus sedentary

behavior definition, which i ncludes both inte

reclining) (Gibbs, Hergenroeder, Katzmarzyk, Lee, & Jakicic, 20T8)rd, young healthy adults

are an ideal gpulation to study the effects of sitting on endothelial function as this population is
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generally free of overt chronic disease which could confound associations (e.g. those with multi
morbidities have poor physical function and are thus more sede(Eaghfield et al., 2007)

Finally, our study utilized &-day accelerometer protocta assess habitual, as opposed to acute

or extreme, sedentary behavior. Evidence shows that53days of monitoring yields reliable
estimates of oneds us u dTrost,dMcivety & Patet 20@bPrevimust i v i t )
experimental physical inactivity models examining tihluence of sedentary behavior on
endothelial function included bed rest, dry water immersion, and acute, uninterrupted sitting
(Thosar et al.,, 2012)which fails to reflect chronic conditions and has limited real world
generalizability since few adults engageuch prolonged, uninterrupted sedentary periods and/or

bed rest during a typical day (e.g., workday).

Several limitations must be acknowledged when interpreting our study findings. First, this
was a crossectional study, which limits our ability to &vate the effect of sedentary time on
endothelial function, as causation cannot be implied. Second, EDV of the upper extremity
microvasculature was measured. Laboratory evidence suggests the pathophysiological
consequences of prolonged sitting are prilpamanifested in the vasculature of the lower
extremities. Thus, studies evaluating the association of habitual sedentary behavior with lower
extremity EDV are still neede@Padilla & Fadel, 2017)Finally, this is a relatively small, single
center study in an urban academic medical cemteich may limit the generalizability of our
findings and statistical power to detect significant differences between high and low sedentary
groups. Thus, caution is warranted when interpreting our study findings given the possibility of a
type Il error.Nonetheless, our study was powered to detect relatively small differences in the
endothelial measures (i.e., 80% power to detect a 0.5 difference in RHI). Further, some of the

observed nosignificant differences were in the opposite direction of our hhgs®s (e.g.
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circulating EMPs were nesignificantly lower in the high sedentary group compared to the low
sedentary group); thus, even with greater statistical power we would still have not yielded evidence
to support endothelial dysfunction as a link ketw sedentary behavior and CVD risk.
Conclusion

In conclusion, this study demonstrated that there were no differences in a comprehensive
battery of endothelial function measures, including measures of EDV, EC injury, ad EC reparative
capacity, when compizxg young, healthy adults that accumulated higher and lower levels of
habitual sedentary behavior (both the total volume and accumulation in prolonged, uninterrupted
bouts). These findings suggest that physiologitathanisms other than endothelial dystion
(e.g., glucose and lipid metabolism) may need to be explored as a pdtektitween habitual
prolonged sedentary time and CVD. However, future research is needed to explore the link

between habitual sedentary behavior and lower extremity enidbfnaction.

27



References

Adams, V., Lenk, K., Linke, A., Lenz, D., Erbs, S., Sandri, M., . . . Hambrecht, R. (2004).
Increase of circulating endothelial progenitor cells in patients with coronary artery
disease after exerciseduced ischemiaArterioscler Thromb Vasc Biol, 24), 684690.
doi:10.1161/01.ATV.0000124104.23702.a0

Axtell, A. L., Gomari, F. A., & Cooke, J. P. (2010). Assessing Endothelial Vasodilator Function
with the EndePAT 2000.Journal of Visualized ExperimentsoVH44), 2167.
doi:10.3791/2167

Barac, A., Campia, U., & Panza, J. A. (2007). Methods for evaluating endothelial function in
humansHypertension, 4@1), 748760. doi:10.1161/01.HYP.0000259601.38807.a6

BernatMizrachi, L., Jy, W., Jimenez, J. J., PasfbrMauro, L. M., Horstman, L. L., . . . Ahn,
Y. S. (2003). High levels of circulating endothelial microparticles in patients with acute
coronary syndrome#&merican heart journal, 145), 962970.

Biswas, A., Oh, P. I., Faulkner, G. E., Bajaj, R. Ry&il M. A., Mitchell, M. S., & Alter, D. A.
(2015). Sedentary time and its association with risk for disease incidence, mortality, and
hospitalization in adults: a systematic review and raetlysis Ann Intern Med, 162),
123132. doi:10.7326/M14.651

Bonetti, P. O., Barsness, G. W., Keelan, P. C., Schnell, T. I., Pumper, G. M., Kuvin, J. T., . ..
Lerman, A. (2003). Enhanced external counterpulsation improves endothelial function in
patients with symptomatic coronary artery diseds&mn Coll Cardiol, 4(10), 1761
1768.

Bonetti, P. O., Pumper, G. M., Higano, S. T., Holmes, D. R, Kuvin, J. T., & Lerman, A. (2004).
Noninvasive identification of patients with early coronary atherosclerosis by assessment
of digital reactive hyperemidournal of the Ameran College of Cardiology, 441),
2137-2141. doihttps://doi.org/10.1016/j.jacc.2004.08.062

Boulanger, C. M., Amabile, N., & Tedgui, A. (2006). Circulating microparticles a potential
prognostic mader for atherosclerotic vascular diseddgpertension, 4&), 180186.

Boyle, L. J., Credeur, D. P., Jenkins, N. T., Padilla, J., Leidy, H. J., Thyfault, J. P., & Fadel, P. J.
(2013). Impact of reduced daily physical activity on conduit artery-floediaed dilation
and circulating endothelial microparticlesAppl Physiol (1985), 1150), 15191525.
doi:10.1152/japplphysiol.00837.2013

Deanfield, J. E., Halcox, J. P., & Rabelink, T. J. (2007). Endothelial function and dysfunction:
testing and clinical tevance Circulation, 11510), 12851295.
doi:10.1161/CIRCULATIONAHA.106.652859

Delp, M. D., & Laughlin, M. H. (1998). Regulation of skeletal muscle perfusion during exercise.
Acta Physiol Scand, 162), 411419. doi:10.1046/j.136201X.1998.0324e.x

28


https://doi.org/10.1016/j.jacc.2004.08.062

Diaz,K. M., Goldsmith, J., Greenlee, H., Strizich, G., Qi, Q., Moss&atmani, Y., . . .
Kaplan, R. C. (2017). Prolonged, Uninterrupted Sedentary Behavior and Glycemic
Biomarkers Among US Hispanic/Latino Adults: The HCHS/SOL (Hispanic Community
Health Study/8idy of Latinos)Circulation, 13§15), 13621373.
doi:10.1161/CIRCULATIONAHA.116.026858

Diaz, K. M., Howard, V. J., Hutto, B., Colabianchi, N., Vena, J. E., Safford, M. M., . . . Hooker,
S. P. (2017). Patterns of Sedentary Behavior and Mortality in Udll®/Aged and
Older Adults: A National Cohort Studfnn Intern Med, 167), 465475.
doi:10.7326/M170212

Ensari, I., Burg, M. M., Diaz, K. M., Fu, J., Duran, A. T., Suls, J. M., . . . Shimbo, D. (2018).
Putative mechanisms Underlying Myocardial infamotonset and Emotions (PUME): a
randomised controlled study protocBMJ Open, &), e020525. doi:10.1136/bmjopen
2017020525

Fadini, G. P., Coracina, A., Baesso, |., Agostini, C., Tiengo, A., Avogaro, A., & Vigili de
Kreutzenberg, S. (2006). Peripherdb® CD34<sup>+</sup>KDR<sup>+</sup>
Endothelial Progenitor Cells Are Determinants of Subclinical Atherosclerosis in a
Middle-Aged General Populatiostroke, 3(9), 22772282.
doi:10.1161/01.str.0000236064.19293.79

Garcia, S., Chirinos, J., Jimenez, Jyidz, F. D. C., Canoniero, M., Jy, W., . .. Ahn, Y. (2005).
Phenotypic assessment of endothelial microparticles in patients with heart failure and
after heart transplantation: switch from cell activation to apoptékis.Journal of heart
and lung transmintation, 2412), 21842189.

Gibbs, B. B., Hergenroeder, A. L., Katzmarzyk, P. T., Lee, |. M., & Jakicic, J. M. (2015).
Definition, measurement, and health risks associated with sedentary beliad®ci
Sports Exerc, 4B), 12951300. doi:10.1249/MSS0®0000000000517

Godfrey, A., Culhane, K. M., & Lyons, G. M. (2007). Comparison of the performance of the
activPAL Professional physical activity logger to a discrete accelerosased activity
monitor.Med Eng Phys, 28), 936934. doi:10.1016/j.medengp2006.10.001

Goor, D. A, Sheffy, J., Schnall, R. P., Arditti, A., Caspi, A., Bragdon, E. E., & Sheps, D. S.
(2004). Peripheral arterial tonometry: a diagnostic method for detection of myocardial
ischemia induced during mental stress tests: a pilot sGlohyCardiol, 243), 137141.

Grant, P. M., Ryan, C. G., Tighe, W. W., & Granat, M. H. (2006). The validation of a novel
activity monitor in the measurement of posture and motion during everyday actBities.
J Sports Med, 402), 992997. doi:10.1136/sm.2006.030262

Guhanarayan, G., Jablonski, J., & Witkowski, S. (2014). Circulating angiogenic cell population

responses to 10 days of reduced physical actidayrnal of Applied Physiology, 1),
500-506. doi:10.1152/japplphysiol.00087.2014

29



Hamburg, N M., Keyes, M. J., Larson, M. G., Vasan, R. S., Schnabel, R., Pryde, M. M., . ..
Benjamin, E. J. (2008). Crosectional relations of digital vascular function to
cardiovascular risk factors in the Framingham Heart StGdgulation, 11719), 2467
2474.doi:10.1161/circulationaha.107.748574

Hamilton, M. T., Hamilton, D. G., & Zderic, T. W. (2007). Role of low energy expenditure and
sitting in obesity, metabolic syndrome, type 2 diabetes, and cardiovascular disease.
Diabetes, 5611), 26552667. doi:10.233/db07%0882

Hansen, A. S., Butt, J. H., Holvildiz, S., Karlsson, W., & Kruuse, C. (2017). Validation of
Repeated Endothelial Function Measurements Using EndoPAT in S&roké.Neurol,
8, 178. d0i:10.3389/fneur.2017.00178

Hart, T. L., McClain, J. J., &udorLocke, C. (2011). Controlled and fréiging evaluation of
objective measures of sedentary and active behavidisys Act Health,(8), 848857.

Healy, G. N., Dunstan, D. W., Salmon, J., Cerin, E., Shaw, J. E., Zimmet, P. Z., & Owen, N.
(2008). Beaks in sedentary time: beneficial associations with metabolidisketes
Care, 314), 661666. doi:10.2337/dcG2046

Healy, G. N., Matthews, C. E., Dunstan, D. W., Winkler, E. A., & Owen, N. (2011). Sedentary
time and cardiametabolic biomarkers in U&dults: NHANES 200®6. Eur Heart J,
32(5), 5906597. doi:10.1093/eurheartj/ehg451

HeiligersDuckers, C., Peters, N., van Dijck, J. J. P., Hoeijmakers, J. M. J., & Janssen, M. J. W.
(2013). Low vacuum and discard tubes reduce hemolysis in samples drawn fro
intravenous catheter€lin Biochem, 4@612), 11421144.
doi:10.1016/j.clinbiochem.2013.04.005

Jelic, S., Padeletti, M., Kawut, S. M., Higgins, C., Canfield, S. M., Onat, D., . . . LeJemtel, T. H.
(2008). Inflammation, oxidative stress, and repair capacithe vascular endothelium in
obstructive sleep apne@irculation, 11717), 22702278.

Jevon, M., Dorling, A., & Hornick, P. (2008). Progenitor cells and vascular diseake.
proliferation, 4Xs1), 146164.

Jimenez, J. J., Jy, W., Mauro, L. M., Htman, L. L., Soderland, C., & Ahn, Y. S. (2003).
Endothelial microparticles released in thrombotic thrombocytopenic purpura express von
Willebrand factor and markers of endothelial activatiritish journal of haematology,
1235), 896902.

Jimenez, 4., Jy, W., Mauro, L. M., Soderland, C., Horstman, L. L., & Ahn, Y. S. (2003).
Endothelial cells release phenotypically and quantitatively distinct microparticles in
activation and apoptosi$hromb Res, 1{8), 175180.

KozeyKeadle, S., Libertine, A.,yden, K., Staudenmayer, J., & Freedson, P. S. (2011).
Validation of wearable monitors for assessing sedentary beh&edrSci Sports Exerc,
43(8), 15611567. doi:10.1249/MSS.0b013e31820cel74

30



Krogh-Madsen, R., Thyfault, J. P., Broholm, C., Mortensen, QChsen, R. H., Mounier, R., . .
. Pedersen, B. K. (2010). Ak reduction of ambulatory activity attenuates peripheral
insulin sensitivity.J Appl Physiol (1985), 1@8B), 10341040.
doi:10.1152/japplphysiol.00977.2009

Kuvin, J. T., Patel, A. R., SlineX. A., Pandian, N. G., Sheffy, J., Schnall, R. P., . . . Udelson, J.
E. (2003). Assessment of peripheral vascular endothelial function with finger arterial
pulse wave amplitudé&merican Heart Journal, 146), 168174.
doi:https://doi.org/10.1016/S0068703(03)00094

Lyden, K., Keadle, S. K., Staudenmayer, J., & Freedson, P. S. (2017). The activPALTM
Accurately Classifies Activity Intensity Categories in Healthy Adited Sci Sports
Exerc, 495), 10221028. doi:10.1249/mss.0000000000001177

Lyden, K., Kozey Keadle, S. L., Staudenmayer, J. W., & Freedson, P. S. (2012). Validity of two
wearable monitors to estimate breaks from sedentary kitee.Sci Sports Exerc, @ul),
22432252. doi:10.1249/18S.0b013e318260c477

Marti-Fabregas, J., Delgaddederos, R., Crespo, J., Pefia, E., Marin, R., JimEneé, E., . . .
Badimon, L. (2015). Circulating Endothelial Progenitor Cells and the Risk of Vascular
Events after Ischemic StrokeLOS ONE, 1@), e024895.
doi:10.1371/journal.pone.0124895

Matsuzawa, Y., Kwon, T. G., Lennon, R. J., Lerman, L. O., & Lerman, A. (2015). Prognostic
Value of FlowMediated Vasodilation in Brachial Artery and Fingertip Artery for
Cardiovascular Events: A Systematic Review Bteda-Analysis.J Am Heart Assoc,
4(11). doi:10.1161/JAHA.115.002270

MobiusWinkler, S., Hollriegel, R., Schuler, G., & Adams, V. (2009). Endothelial progenitor
cells: implications for cardiovascular diseaSgtometry A, 78), 2537.
doi:10.1002/cyto.a@69

Morishima, T., Restaino, R. M., Walsh, L. K., Kanaley, J. A., Fadel, P. J., & Padilla, J. (2016).
Prolonged sittingnduced leg endothelial dysfunction is prevented by fidgetng.J
Physiol Heart Circ Physiol, 3X1), H177182. doi:10.1152/ajphead297.2016

Morishima, T., Restaino, R. M., Walsh, L. K., Kanaley, J. A., & Padilla, J. (2017). Prior exercise
and standing as strategies to circumvent skitmoigiced leg endothelial dysfunctio@lin
Sci (Lond), 13(@11), 10451053. doi:10.1042/cs20170031

Munnix, I. C., Schellart, M., Gorissen, C., & Kleinveld, H. A. (2011). Factors reducing
hemolysis rates in blood samples from the emergency departtlien€hem Lab Med,
49(1), 157158. d0i:10.1515/ccim.2011.012

Navasiolava, N. M., DignaGeorge, F., Salier, F., Larina, I. M., Demiot, C., Fortrat, J. O., . ..
Custaud, M. A. (2010). Enforced physical inactivity increases endothelial microparticle
levels in healthy volunteer&m J Physiol Heart Circ Physiol, 269, H248256.
doi:10.1152/ajpheart.00152.20

31


https://doi.org/10.1016/S0002-8703(03)00094-2

Padilla, J., & Fadel, P. J. (2017). Prolonged sitting leg vasculopathy: contributing factors and
clinical implications Am J Physiol Heart Circ Physiol, 3(3, H722h728.
doi:10.1152/ajpheart.00326.2017

Padilla, J., Johnson, B. D., Newcomer, S. Clhiég, D. P., Mickleborough, T. D., Fly, A.D,, ..
. Wallace, J. P. (2009). Adjusting flemediated dilation for shear stress stimulus allows
demonstration of endothelial dysfunction in a population with moderate cardiovascular
risk. J Vasc Res, 46), 52-600. doi:10.1159/000226227

Padilla, J., Sheldon, R. D., Sitar, D. M., & Newcomer, S. C. (2009). Impact of acute exposure to
increased hydrostatic pressure and reduced shear rate on conduit artery endothelial
function: a limbspecific responséAm J Physil Heart Circ Physiol, 29(8), H1103
1108. doi:10.1152/ajpheart.00167.2009

Peichev, M., Naiyer, A. J., Pereira, D., Zhu, Z., Lane, W. J., Williams, M., . . . Moore, M. A.
(2000). Expression of VEGFR and AC133 by circulating human CD34+ cells identifies
apopulation of functional endothelial precursd@#ood, 9§3), 952958.

Poredos, P., & Jezovnik, M. K. (2013). Testing endothelial function and its clinical releyance.
Atheroscler Thromb, ZQ), 1-8.

Qi, Q., Strizich, G., Merchant, G., SotrAksarez,D., Buelna, C., Castaneda, S. F., . . . Kaplan,
R. C. (2015). Objectively Measured Sedentary Time and Cardiometabolic Biomarkers in
US Hispanic/Latino Adults: The Hispanic Community Health Study/Study of Latinos
(HCHS/SOL).Circulation, 13Z16), 15601569
doi:10.1161/CIRCULATIONAHA.115.016938

Restaino, R. M., Holwerda, S. W., Credeur, D. P., Fadel, P. J., & Padilla, J. (2015). Impact of
prolonged sitting on lower and upper limb micemd macrovascular dilator function.
Exp Physiol, 10(r), 829838. doi:D.1113/EP085238

Ross, M. D., Malone, E., & Floriddames, G. (2016). Vascular Ageing and Exercise: Focus on
Cellular Reparative Processéxid Med Cell Longev, 2018583956.
doi:10.1155/2016/3583956

Ross, R. (1999). Atherosclerosan inflammatory disesse.N Engl J Med, 34@), 115126.
doi:10.1056/NEJM199901143400207

Ryan, C. G., Grant, P. M., Tighe, W. W., & Granat, M. H. (2006). The validity and reliability of
a novel activity monitor as a measure of walkiBgJ Sports Med, 40), 779784.
doi:10.1B6/bjsm.2006.027276

SchmidtLucke, C., Rdssig, L., Fichtlscherer, S., Vasa, M., Britten, M., Kamper, U., . . . Zeiher,
A. M. (2005). Reduced Number of Circulating Endothelial Progenitor Cells Predicts
Future Cardiovascular Eventroof of Concept for th€linical Importance of
Endogenous Vascular Repair, 122), 29812987.
doi:10.1161/circulationaha.104.504340

32



Shimbo, D., Rosenberg, L. B., Chaplin, W., Zhao, S., Goldensohn, E. R., Cholankeril, M., . . .
Burg, M. M. (2013). Endothelial cell activation, testd endothelial cell reparative
capacity, and impaired endothel@pendent vasodilation after anger provocation.
International journal of cardiology, 1§3), 1064.

Takase, B., Uehata, A., Akima, T., Nagai, T., Nishioka, T., Hamabe, A., . . . Kurith998).
Endotheliumdependent floamediated vasodilation in coronary and brachial arteries in
suspected coronary artery diseas®. J Cardiol, 8212), 15351539, A15371538.

Thosar, S. S., Bielko, S. L., Mather, K. J., Johnston, J. D., & Wallace,2D¥%)( Effect of
prolonged sitting and breaks in sitting time on endothelial fundifi@a Sci Sports
Exerc, 474), 843849. doi:10.1249/mss.0000000000000479

Thosar, S. S., Johnson, B. D., Johnston, J. D., & Wallace, J. P. (2012). Sitting and endothelial
dysfunction: the role of shear streb&ed Sci Monit, 18.2), RA173180.

Trost, S. G., Mclver, K. L., & Pate, R. R. (2005). Conducting accelerorhastad activity
assessments in fielohsed researcMed Sci Sports Exerc, @1 Suppl), S53543.

Umemura,T., & Higashi, Y. (2008). Endothelial progenitor cells: therapeutic target for
cardiovascular diseasesPharmacol Sci, 148), 1-6. doi:JST.JSTAGE/jphs/08R01CP
[pii]

Urbich, C., & Dimmeler, S. (2004). Endothelial progenitor cells characterization kmnith ro
vascular biologyCirculation research, 98l), 343353.

Urbich, C., & Dimmeler, S. (2004). Endothelial progenitor cells: characterization and role in
vascular biologyCirc Res, 9%4), 343353. d0i:10.1161/01.RES.0000137877.89448.78

Versari, D., Dabini, E., Virdis, A., Ghiadoni, L., & Taddei, S. (2009). Endothelial dysfunction
as a target for prevention of cardiovascular disdaisdetes Care, 32 Supp) 3314
321. doi:10.2337/dc6$330

Werner, N., Kosiol, S., Schiegl, T., Ahlers, P., WalentalLiuk, A., . . . Nickenig, G. (2005).
Circulating endothelial progenitor cells and cardiovascular outcdEsgl J Med,
35310), 9991007. doi:10.1056/NEJM0a043814

Willett, W., & Stampfer, M. J. (1986). Total energy intake: implications for epidemiologic
analysesAm J Epidemiol, 124), 17-27.

Wilmot, E. G., Edwardson, C. L., Achana, F. A., Davies, M. J., Gorely, T., Gray, L. J., . ..
Biddle, S. J. (2012). Sedentary time in adults and the association with diabetes,
cardiovascular disease and death:espsttic review and metanalysis Diabetologia,
55(11), 28952905. doi:10.1007/s0012B12-267 -z

Witkowski, S., Lockard, M. M., Jenkins, N. T., Obisesan, T. O., Spangenburg, E. E., & Hagberg,
J. M. (2010). Relationship between circulating progenitor caliscular function and

33



oxidative stress with lontgrm training and shoeterm detraining in older meglin Sci
(Lond), 1184), 303311. doi:10.1042/cs20090253

Witkowski, S., Lockard, Michaé¥l., Jenkins, Natham., Obisesan, Thomd3., Spangenburg,
Espenrk., & Hagberg, Jamdd. (2010). Relationship between circulating progenitor
cells, vascular function and oxidative stress with argn training and shoterm
detraining in older merClinical Science, 11@), 303311. doi:10.1042/cs20090253

34



Table 1.Characteristics of participants in the high and low total sedentary time groups (n=83)

Sedentary Behavior Group

Low High P-Value
Variables (n=41) (n=42)
ParticipantCharacteristics
Age (yr) 26.7 (7.3) 24.4 (3.4) 0.08
Men (%) 31.7 54.7 0.03
Black Race (%) 7.3 2.4 0.29
Hispanic Ethnicity (%) 29.3 21.4 0.40
Education 0.16
O High School Gre 9.8 2.4
Some College (%) 17.1 19.1
College Graduate (%) 29.3 50.0
Graduate/Professional School (%) 43.9 28.6
Body Mass Index (kg/f) 24.7 (4.1) 23.5(3.8) 0.16
Accelerometer Characteristics
Total Sedentary Time (m#fday) 515.5 (68.6) 668.4 (57.2) <0.001
Mean Sedentary Bout Duration (mins/bot 15.1 (3.7) 22.3 (8.3) <0.001
Standing Time (mins/day) 312.8 (78.5) 206.1 (55.6) <0.001
LIPA (mins/day) 370.1 (82.7) 244.6 (60.8) <0.001
MVPA (mins/day) 75.7 (27.3) 53.5 (4.3) <0.001
MVPA Bouts (mins/day) 13.8 (12.4) 8.4 (9.8) 0.03
Wear Time (mins/day) 961.8 (63.0) 971.9 (56.0) 0.44
Valid Wear Days 0.15
3-5 days (%) 5.0 0.0
6-7 days (%) 95.0 100.00

Data are presented as mean (standard deviation) or frequency

LIPA= light intensity physical activity; MVPA= moderategorous physical activity

MVPA Bouts= total minutes odefvMVPAda acsr uaerd
minutes for which each consecutived® ¢ epoch had an 3METsi v
Median split cuHpoint for high and low total sedentary time groups was 589 min/day

35



Table 2.Reactive hyperemia index, endothelial microparticles, and endothelial progenitor cells
median split ofaccelerometemeasured sedentary time (n=83).

Sedentary Behavior Group

Low High P-value
Endothelial Cell Variable (n=41) (n=42)
Reactive Hyperemia Index
Unadjusted 2.53 (2.24i 2.83) 2.32 (2.08 2.55) 0.25
Model 1 2.48 (2.22 2.75) 2.36 (2.10' 2.62) 0.53
Model 2 2.46 (2.18 2.75) 2.38 .1071 2.66) 0.72
Model 3 2.51 (2.21 2.81) 2.36 (2.07 2.64) 0.50
Endothelial Microparticles
CD62E+( count s/ gl )
Unadjusted 830.71 (720.94 957.20) 696.14 (617.90 784.28) 0.06
Model 1 832.05 (732.10 945.65) 695.04 (612.54 788.65) 0.06
Model 2 816.86 (711.81 937.41) 707.66 (617.86 810.51) 0.19
Model 3 810.62 (701.81 936.30) 703.26 (613871 805.54) 0.20
CD31+/CD42( count s/ ¢
Unadjusted 508.08 (428.53 602.40) 510.64 (450.01 579.43) 0.96
Model 1 513.93 (444.21 594.61) 504.96 (437.26 583.14) 0.87
Model 2 533.07 (456.21 622.88) 487.25 (417.92 568.09) 0.46
Model 3 523.93 (446.30 615.05) 482.26 (414.65 560.89) 0.50
Endothelial Progenitor Cells
CD34+/KDR+ (%)
Unadjusted 81.21 (53.55 114.61) 99.12 (71.38 131.40) 0.40
Model 1 86.69 (59.93 118.39) 93.39 (65.84 125.75) 0.76
Model 2 76.74 (50.43 108.56) 104.07 (73.38 140.10) 0.27
Model 3 72.61 (45.81 105.55)  107.97 (76.39 145.01) 0.17
CD34+/CD133+/KDR+(%)
Unadjusted 1.89 (1.00" 3.05) 2.31 (1.53 3.24) 0.53
Model 1 1.86 (1.06' 2.88) 2.33(1.42 3.45) 0.51
Model 2 1.86 (1.01i 2.98) 2.33 (1.37 2.98) 0.57
Model 3 1.71 (0.86 2.83) 2.42 (1.44 3.65) 0.39

Data are presented as mean (95% confidence interval) for unadjusted analyses or estimated n

mean (95% confidence interval) for adjusted analyses. Data wekdransformed.
Model 1: Adjusted foage, sex, race, ethnicity and education

Model 2: Adjusted for covariates in model 1 plus modevaderous physical activity.
Model 3: Adjusted for covariates in model 2 plus body mass index

Median split cutHpoint was 589 min/day for total sedentary time
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Table 3.Reactive hyperemia index, endothelial microparticles, and endothelial progenitor cells
median split of mean sedentary bout duration (n=83).

Sedentary Bout Group

Low High P-value
Endothelial Cell Variable (n=41) (n=42)
Reactive Hyperemia Index
Unadjusted 2.45 (2.16 2.74) 2.40 (2.15 2.65) 0.81
Model 1 2.37 (2.11 2.63) 2.48 (2.22 2.73) 0.58
Model 2 2.36 (2.09 2.62) 2.49 (2.23 2.75) 0.49
Model 3 2.39 (2.12 2.67) 2.46 (2.20' 2.73) 0.74
Endothelial Microparticles
CD62E+( count s/ gl)
Unadjusted 812.40 (699.52 943.49) 711.45 (635.62 796.33) 0.15
Model 1 815.23 (717.49 926.28) 709.04 (625.03 804.35) 0.14
Model 2 806.23 (709.13 916.63) 716.76 (631.46 813.D) 0.22
Model 3 800.83 (702.11 913.43) 708.98 (623.74 805.88) 0.21
CD31+/CD42( count s/ ¢
Unadjusted 515.82 (442.4% 601.36) 503.15 (435.08 581.87) 0.81
Model 1 520.64 (450.77601.34) 498.61 (432.4T7 574.85) 0.68
Model 2 526.54 (4554271 608.76) 493.15 (427.34 569.11) 0.54
Model 3 509.92 (440.36 590.48) 493.85 (428.13 569.66) 0.77
Endothelial Progenitor Cells
CD34+/KDR+(%)
Unadjusted 80.53 (54.58 111.50) 99.86 (70.23 134.71) 0.37
Model 1 87.36 (60.74 11881) 92.71 (65.53 124.60) 0.80
Model 2 84.41 (58.27 115.38)  95.74 (68.07 128.11) 0.60
Model 3 83.46 (56.53 115.60) 97.06 (68.52 130.56) 0.55
CD34+/CD133+/KDR+%)
Unadjusted 2.19 (1.25 3.38) 2.00 (1.25 2.94) 0.78
Model 1 2.20 (1.3171 3.30) 1.99 (1.17 3.02) 0.71
Model 2 2.23 (1.34i 3.35) 1.96 (1.14 3.01) 0.68
Model 3 2.32 (1.39 3.49) 1.83 (1.04 2.85) 0.51

Data are presented as mean (95% confidence interval) for unadjusted analyses or estimated
mean (95% confidece interval) for adjusted analyses. Data presented were back transformed.

Model 1: Adjusted foage, sex, race, ethnicity and education

Model 2: Adjusted for covariates in model 1 plus modevaerous physical activity.
Model 3: Adjusted for covarias in model 2 plus body mass index

Median split cu{point was 17.2 min/bout for mean sedentary bout duration.
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Supplemental Material

Supplemental Table 1. Characteristics of PUME study participants who were included or excluded from tt

present anabes.

Included Excluded P-Value
Variables (n=83) (n=197)
Participant Characteristics
Age (yrs) 25.5 @4.37 26.9 26.5 @5.47 27.9 0.29
Men (%) 43.4 50.25 0.29
Black Race (%) 4.82 17.26 <0.01
Hispanic Ethnicity (%) 25.3 29.95 0.19
Education 0.46
O High School Gi 6.0 8.1 0.01
Some College (%) 18.1 23.4
College Graduate (%) 39.8 49.8
Graduate/Professional School (%) 36.1 18.3
Body Mass Index (kg/f) 24.1 @3.27 25.0 24.9 24.37 25.5 0.15
Endothelial Cell Variables
Reactive Hyperemia Index 2.42 R.2371 2.6)) 2.31 @.2071 2.42 0.29
Endothelial Microparticles
CD62E+ (count s/ ¢ 759.64692537 83326) 808.21(755.43i 864.69 0.31
CD31+/CD42( count s/ & 509.37 459.34i 564.89 515.54 481.83i 551.59 0.85
Endothelial Progenitor Cells
CD34+/KDR+ (%) 90.05 {0.171 112.4) 94.92 83.571 107.0Q 0.67
CD34+/CD133+/KDR+ (%) 2.09 (1.48i 2.8]) 4.12 3.361 4.95 <0.01

Data are presented agan (95% confidence interval) frequency
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SupplementalTable 2. Association of total sedentary time (expressed continuously) with

endothelial measures (n=83).

Endothelial Cell Variable b 95% CI P-value
Reactive Hyperemia Index
Unadjusted -0.019 (-0.133- 0.094) 0.736
Model 1 0.043 (-0.083i 0.168) 0.502
Model 2 0.091 (-0.058- 0.239) 0.227
Model 3 0.062 (-0.090i1 0.215) 0.417
Endothelial Microparticles
CD62E+( coupt s/ ¢l
Unadjusted -0.035 (-0.0917 0.021) 0.220
Model 1 -0.048 (-0.110i1 0.013) 0.121
Model 2 -0.033 (-0.1051 0.040) 0.375
Model 3 -0.033 (-0.1077 0.042) 0.386
CD31+/CD42( count s/
Unadjusted 0.009 (-0.054- 0.072) 0.774
Model 1 0.012 (-0.057-0.082) 0.725
Model 2 -0.010 (-0.092- 0.072) 0.805
Model 3 -0.002 (-0.085-0.081) 0.965
Endothelial Progenitor Cells
CD34+/KDR+(%)
Unadjusted 0.030 x 1€ (-4.78671 4.846) x 16 0.990
Model 1 -1.600 x 1€ (-6.871i 3.671) x 16 0.547
Model 2 0.607 x 1€ (-5.6091 6.823) x 1€ 0.846
Model 3 1.426 x 16 (-5.0301 7.881) x 1€ 0.661
CD34+/CD133+/KDR+%)
Unadjusted -0.232 x 1¢ (-1.218i 0.755) x 1€ 0.642
Model 1 -0.098 x 1¢ (-1.2261 1.030) x 1€ 0.863
Model 2 -0.277 x 1¢ (-1.621-1.066) x 16 0.682
Model 3 -0.258 x 1€ (-1.635i 1.118) x 1€ 0.709

Data are presented as unadjusted/adjusted parameter estimate and 95% confidence interval;
time was converted to hours per day for analyse

Model 1: Adjusted foage, sex, race, ethnicity and education

Model 2: Adjusted for covariates in model 1 plus modevaerous physical activity.

Model 3: Adjusted for covariates in model 2 plus body mass index
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Supplemental Table 3 Associdion of mean sedentary bout duration (expressed continuously) w
endothelial measures (n=83).

Endothelial Cell Variable b 95% ClI P-value
Reactive Hyperemia Index
Unadjusted 0.346 (-1.1861 1.877) 0.655
Model 1 0.637 (-0.896- 2.170) 0.411
Model 2 0.897 (-0.725- 2.520) 0.274
Model 3 0.677 (-0.970- 2.323) 0.415

Endothelial Microparticles
CD62E+( count s/ el)

Unadjusted -0.671 (-1.421- 0.079) 0.079
Model 1 -0.718 (-1.4627 0.026) 0.058
Model 2 -0.594 (-1.382- 0.194) 0.137
Model 3 -0.536 (-1.337- 0.265) 0.186
CD31+/CD42( count s/
Unadjusted -0.326 (-1.177- 0.525) 0.448
Model 1 -0.234 (-1.0817 0.613) 0.584
Model 2 -0.425 (-1.317- 0.467) 0.346
Model 3 -0.336 (-0.034- 0.027) 0.455
Endothelial Progenitor Cells
CD34+/KDR+ (%)
Unadjusted -1.647x 107 (-8.140- 4.845) x 1€ 0.615
Model 1 -1.848x 10? (-8.295- 4.599) x 1€ 0.570
Model 2 -0.376x 10? (-7.164- 6.413) x 1€ 0.913
Model 3 -0.050x 107 (-7.034- 6.934) x 1€ 0.989
CD34+/CD133#KDR+ (%)
Unadjusted -0.489x 107 (-1.818-0.841) x 1€ 0.467
Model 1 -0.282x 107 (-1.660- 1.096) x 1¢ 0.685
Model 2 -0.398x 107 (-1.864- 1.067) x 1€ 0.590
Model 3 -0.487x 107 (-1.971- 0.998) x 1 0.516

Data are presented as upestied/adjusted parameter estimate and 95% confidence interval;
WBC=white blood cells; sedentary bout duration was converted to hounsyidor analyses.
Model 1: Adjusted foage, sex, race, ethnicity and education

Model 2: Adjusted for covariates model 1 plus moderat@gorous physical activity.

Model 3: Adjusted for covariates in model 2 plus body mass index
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CHAPTER IlI

Patterns of Sedentary Behavior in theFirst Month after Acute Coronary Syndrome

Abstract

Sedentarybehavior is a key cdnbutor to cardiovascular disease. Few data exist on the
sedentary behavior patterns of acute coronary syndrome (ACS) p&iamsse: To characterize
patterns of sedentary time and their correlate49 ACS patients over the first month post
hospitaldischarge, a critical period wheratients recuperate from their ACS evaviethods:
Sedentary time was measured by accelerometry folaf8 poshospitaldischarge. Groupased
modeling at the day level was used to characterize sedentary pdttgissc regressioomodels
were conducted to examine correlates of membership in the most sedentary trajectory group.
Results: Participants spent a mean of 9.7+£2.0 hidesedentarypehaviorduring the 28lays post
hospitaldischarge, with significant decreasa sedentary time observed in each consecutive week
(p<0.01 for all). Three distinct sedentary patterns were identified: high (20.6% of participants),
moderate (47.9%), and low (31.5%he high and moderate sedentary groups spent a mean of
12.6+£0.8 andL0.0+0.7 h/day sedentary, respectively, and had only minimal decreases in their
sedentary time (< 3 min/dagyer the 28days.The low sedentary group spent a mean of 7.3+0.8
h/day sedentary, with a rapid decrease in sedentary time (14 min/day) obsemgdtdufirst
week poshospitaldischarge followed by a relatively smaller decrease (~5 min/day) that persisted
until day 21 postlischargeNon-Hispanic ethnicityleft ventricular ejection fraction <40%, lower
perceived physical health, and not havengartner were associated with a higher odds of being in
the high sedentary groug.onclusion: ACS survivors accrued high volumes s#dentary time
during the first month poshospital discharge with most showing little change over time
Interventions tageting reductions in sedentary time among ACS survivors may be warranted
particularly for those with poor physical health and greater disease severity.
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Introduction

In the United States, more than 1.1 million patients are hospitalized annuadly d&ute
coronary syndromgACS) (Mozaffarian et al., 2015Even withimprovements irmcutecare,21%
of ACS survivors will be rénospitalized and approximately 1 in 5 patients will die within 1 year
following hospitalzation (Menzin, Wygant, Hauch, Jackel, & Friedma008) Much of the
increased morbidity andnortality risk among ACS survivorsemains unexplainedBerton,
Cordiano, Palmieri, Cavuto, & Pellegrinet, 2014; Fox et al., 200)s, there is a need to identify
novel modifiable risk factors for intervention to increase survival and reduce recurrent events
among ACS patients.

Sedentary behavior (i.e. watching TV, computer use, éis) emerged as a distinct
cardiovascular disease (CVD) risk factor that may caimyoell relevance beyond how much one
exercises(Biswas et al., 2015; Roger et al.,, 2011; World Health Organization, .2009)
Accumulating evidence from populatidiased studies indicate that sedentary behavior is
as®ciated with CVD morbidity and mortality, and CVD risk factors, such as insulin resistance
(Wilmot et al., 2012) Notably, the deleterious effects of sedentary behavior are eliminated only
by high levels of moderat®-vigorous physical activity (MVPA) (~60 to 75 min/d), which exceed
physical activity recommendatior(&kelund et al., 2016)Accordingly, the American Heart
Association has released a scientific statement on sedentary behavior that endorsed the public
health message o(¥iungetdl.,816)Thisriseg the questioreas to whether
reducing sedentary behavior may represent anttieeapeutic target for secondary prevention
and rénabilitation of ACSsurvivors in addition to existing MVPA recommendations

Despite strong links between sedentary balraand cardiovascular healtlew data exist
onthe sedentary behavior patterns of ACS survivors. Furthermore, no studies have examined the

change in sedentary behavior over time in ACS survivors during the period immediately following
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hospitalization Characterizing ACS survivors according to their sedentary behavior as they
recuperate from their ACS event may reveal unique patterns and subsets of patients in whom
sedentary reduction strategies may be most benefitrarefore, theorimaryaim of the carent
studywasto characteriz¢éhe amounbf sedentarypehavior in ACS survivors and its trajectory of
changeover the first month postischargea critical time period when health behaviors may be
influenced and when lifestyle interventions ideally b€@.g. cardiac rehabilitatior(iroup-based
trajectory modelingvas utilized to identify and evaluate unique patterns of change in sedentary
behavior over the 28ay convalescent period following ACS. A secondary aim was to identify

correlates oedentey behaviomatterns in ACSurvivorsover the first month postischarge.

Methods
Study Population: ACS patientsrom atertiarycareacademienedicalcenterwereenrolledinto
the PrescriptionUse, Lifestyle, and StressEvaluation(PULSE) study, an obsewational cohort
study conductedfrom February2009to Septembe012 (N=1087) PULSE was designedto
examinebehavioralandbiological pathwayghat may conferincreasedisk for recurrentcardiac
events(Whanget al., 2013) A diagnosisof and hospitalizationfor ACS was the inclusion
criterion, where ACS eventswere definedaccordingto AmericanHeart Association/American
Collegeof Cardiology(AHA/ACC) criteria as eitheracutemyocardialinfarction (MI, with or
without ST-elevation)or unstableangina(Amstercam et al., 2014) Exclusioncriteriaincluded
individualslessthan18yearsof age without Englishor Spanistproficiency,inability to complete
the baselineassessmentr to comply with the study protocol, and thosewho were medicaly
unstable

This paperreportson a substudywhosepurposewasto examinephysicalactivity and

sedentarypehavioras behavioralpathwaysthat may conferincreasedisk for recurrentcardiac
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events.Accordingly, physicalactivity and sedentarypehaviorwereaccelerometemeasuredor
upto 45 dayspostdischargeria accelerometryconductecamongthe PULSE studycohortfrom
August20097 SeptembeR012 (Greenet al., 2013) A total of 149 participantsreturnedthe
accelerometewith usabledata, adheredto accekrometerwear requirements( O@ays with
accelerometewear > 10 h/day eachweek over the first 28 days postdischarge[weeks 1-4]
(Kocherginsky,Huisingh Scheetz Dale, Lauderdale,& Waite, 2017; Trost, Mclver, & Pate,
2005) did notreceivecoronaryarterybypasgyraftingand/orwerenot re-hospitalizedbeforethe
28" daypostdischargeandwereavailablefor the currentanalysisSupplementaFigurel). The
PULSE protocols were approvedby the Columbia Universty Medical Center Institutional
ReviewBoardandwritten informedconsentwasobtainedfrom all participantseforetheywere
enrolled into the study. Characteristicoof ancillary study participantsand those who were
excludedrom the currentanalysesre shownin Supplementalablel.

Accelerometer Protocol: Participantswere fitted at or soon after hospital dischargewith an
ActicalE accelerometefPhilips RespironicsBend,OR) on their non-dominantwrist, andwere
askedto wearthe devicecontinuouslyfor 45 dayspostdischargeandthento returnthe device
via mail at the end of the monitoringperiod Participantsvereinstructedto removethe device
whenbathingandduringsleep TheActicalE , anomni-directionalaccelerometethatcandetect
acceleationin all planeshasbeenvalidatedfor the measuremerndf physicalactivity whenworn
onthewrist (Diaz etal., 2018;Heil, 2006) Activity countswerecollectedin 1-minuteepochs.
Accelerometer Processig: Non-wear time was determined using the Choi algorithm, defined as
at least 90 consecutive minutes of zero counts, with allowance of 1 or 2 minutes of nonzero counts
as long aso counts were detected in the@ihute windows at the start or end of ti@erinute

(or longer) periodChoi, Liu, Matthews, & Buchowski, 201L1¥pochs withless than 100 counts
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per minute (cpm) an® 065cpmwere classifiechs sedentarypehavior and MVPA, respectively
(Hooker et al., 2011; Kulinski, Kozlitina, Berry, de Lemos, & Khera, 20Téne spent in
sedentary behaviavasdetermined by summintpe numler of minutes in a day when the activity
couns met trese criteria. Physical activity recommendations endorse bouts of 10 minutes or more
of MVPA as a health enhancing bout of physical activity. Accordingly, we defined a MVPA bout
as any per juesforwhich eahlkdsecutive-tn window contained? minutes
for which the activity count was below threshold (1065 cf@grber et al., 2011; Troiano et al.,
2008) Foreach compl i ant d)ahe tofal@Qumber bf sedentary mirfutesrardahe
total time spent in MVPA bouts were calculated

Presently, there are no validated -points to classify sedentary behavior using the
ActicalE when worn on the wristA sedentary cupoint of 100 counts peminute (cpm)was
selected for the present studlysed on findings and methods defined in the Dallas Heart Study, a
longitudinal, multiethnic populatichased probability sample of Dallas County residents
(Kulinski et al., 2016) The Dallas Heart Study assessed sedentary time with awarist
ActicalE accelerometer and classified sedentary time as <100cpm. Findings from the Dallas Heart
Study demonstrated thatcelerometemeasured sedentary time was associated with subclinical
atherosclerosi@ulinski et al., 2016jand nyocardial injury(Harrington et al., 2017)Given that
sedentary time classified as <100cpm was associated with meaningful cardiovascular health
indices in a large, representative samftie,present studyncorpoiated the same cupoint forits
analyses as that utilized in the Dallas Heart Study.

Because of a high correlation between sedentary time and wear timeS)y#te7current
studycorrected for the influence of variation in wear time by standardizinghsegeime using

the residuals obtained when regressing sedentary time on weaattiime group leve{Healy,
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Winkler, Brakenridge, Reeves, & Eakin, 2015; Qi et al., 2015; Willett & Stampfer, 1886

result, ®dentary time is expressed as the predicted sedentarfptithat day, had the participant
worn the device fot6 h.

Potential Correlates of Sedentary Behaviar Sociodemographic factors (age, sex, race,
ethnicity, education, partner status, Medicaid)sgitalization characteristics/procedures (ACS
type, length of hospital stay, percutaneous coronary intervention [PCI]), measures of health
status/disease severity (body mass index [BMI], left ventricular ejection fraction [LVEF], CVD
history, Charlson Couorbidity Index(de Groot, Beckerman, Lankhorst, & Bouter, 2003; Nufiez

et al., 2004) Global Registry of Acute Coronary Events (GRACE) risk s¢@enger et al.,
2003), depression, physicahnd mental healthelated quality of lif¢, prior exercise history,
cardiac rehabilitation participation, and sleep quality were examined as potential correlates of
acceerometemimeasured sedentary behavior characteridiiegils on all potential correlates are
available inthe Supplemental Methods of the Supplemental Material section.

Statistical Analysis Descriptive statistigs including frequencies and means * rstiard
deviationswere computed to characterie sociodemographic and health characteriagosell

as thepatterns of sedentary behaviuring weeks 1, 2, 3, and 4 and the whole mahithitilevel

growth curve models were then used to examine andaantipe pattern of time spent in sedentary
behavior each wedlSchwartz, Stone, Shiffman, Atienza, & Nebeling, 2007)

Classes or natural groupings of participantovinded to exhibit similargtterns of
sedentary behavior ovre28 days postlischarge weralentified anccharacterized using group
based trajectory modeling (GBTNNagin & Odgers, 2010)Using this approach, each individual
is presumed to belong to only one groapdeach groups assumed to have its own distinct

trajectory(Nagin, 2005; Nagin & Oglers, 201Q) Quadratic trajectories and a normal probability
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distribution for theestimatedsedentary timegiven a wear time of 16 h/dayere used to compare
1-, 2-, 3, 4, 5, and 6group solutiongo identify the modelthat best characterized sedawt
patterns among ACS survivooser the first 28 days pesdischarge without overfitting the data
The best fit model was selectading the Bayesian information criterion (BlQubject to the
condition that each group contained at least 10% of paatics(Nagin & Odgers, 2010) All
analyses were performeasing SAS software, version 9.4 (SAS Institute Inc, Cary, North
Carolina) and the PROC TRAJ madgdones, 2005Based on the BIC and group proportion-a 3
group model was selected as the final model

Multilevel growth curve models were then used to examine timetsff@ithin each
trajectory groupLogistic regressiomodels were conducted to examine correlates of membership
in the most sedentary trajectory group. All correlates were initially examined, one at a time, in
separate models that includede, gender, racand ethnicityas covariateéModel 1).In order to
identify the strongest correlates of the most sedentary trajectory grdageckwards elimination
regression analysithat included all correlatesas thenconductedo arrive at a parsimonious
modeltha r et ained only those potenti al predictor :
level; age, sex, race, and ethnicity wagainincludedas covariates in themodel (Model 2.
Because a validated wribased Acticdf cut-point has not beers&blished, a sensitivity analysis
was conducted with all analyses repeated defining sedentary behavior as epochs with less than 200
cpm.Additionally, to exclude possible accelerometer wear during steggnsitivity analysis was
conducted restrictinthe accelerometer analysis period to 8:00 AM to 8:00 PM.
Results

Tablel1 presentghe sociodemographiandhealthcharacteristicef the 149 participants

who comprisedthe analytic sample.Participantswere predominantlymale, and racially and
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ethnicallydiverse Themean(x SD) of ageandBMI was62.8+ 11.2and28.6+ 5.0,respectively
Themajority presentedvith unstableangina(n=78;52.3%),receivedPCl during hospitalization
(n=128;85.9%),and did not attendcardiacrehabilitationpost hospitalization (n=132;88.6%).
Additionally, the majority of participantshad a partner/spousén=90; 60.4%)and almosthalf

reportedregularparticipationin exerciseprior to their ACS event(n=68;45.6%).

Over the first month postischarge, on average, sedentagfidvior accounted for 60.6%
of wear time over a XBour waking day, equivalent to a mean (SD) of 9.7 + 2.0 h/day. The mean
(SD) sedentary time was 10.3+2.0,9.8+2.1,9.4 £ 2.2, and 9.3 £ 2.2 h/day o\rera ©éking
day in weeks 1, 2, 3, and 4 palscharge, respectively. Sedentary time declined over the first
month postdischarge (k592=25.53 p<0.001 for overall time effect), with decreases in sedentary
time observed in each consecutive we0.01 for weeks 1 vs. 2, 2 vs. 3, and 3 vs. 4).

Figure 1 shows the-8roup sedentary trajectories determined by the GBTM. Low,
moderate, and high sedentary time trajectory groups were identified, which comprised 31.5%,
47.9%, and 20.6% of the analytic sample, respectively. Characteristics of the 3ryeadgataory
groups are shown in Supplemental Table 2. The mean = SD of total sedentary time for the low,
moderate and high trajectory groups was 7.3 £ 0.8, 10.0 £ 0.7, 12.6 + 0.8 h/day, respectively. Each
sedentary trajectory group had a significant ¢jeaim daylevel sedentary time over the -Bay
posthospitalization periodp<0.05 for all). The high and moderate groups decreased their
sedentary time at a rate of 1.9 (p=0.003) and 2.9 (p<0.001) min/day, respectively. The low
sedentary trajectory grougecreased their sedentary time at a rate of 14.0 min/day immediately
postdischarge [§<0.001). After two weeks posiospitalization, the rate in which sedentary time
decreased reduced to 4.8 min/day and bottomed out at day 21 and thereafter increadeddfo a

4.8 min/day at day 28. The low trajectory group had a significantly greater rate of change in
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sedentary time compared to the high and moderate groups overdlagy p8stdischarge period
(<p=0.01 for both). The difference in the rate of changsethentary time between the high and
moderate trajectory groups was not statistically significant (1.9 versus 2.9 min/day;)p=d.22
sensitivity analyses, similar@oup trajectories were observed when using a sedentappicut
of 200 cpm (SupplemeaitFigure 1) and when restricting the accelerometer analysis period to 8:00
AM to 8:00 PM (Supplemental Figure 2).

Multivariable models examining the correlates of the high sedentary trajectory group are
shown in Table 2.The final parsimonioumodel idatified Hispanic ethnicity, having a partner,
left ventricular ejection fraction (LVEF) < 40%, history of CVD, BMI, GRACE risk score, and
physical healthrelated quality of lifeas significant bivariate correlate$ the high sedentary
trajectory groupcontrolling for age, sex, black race and ethnicity. ACS survivors with Hispanic
ethnicity, a partner/spouse, history of CVD and higher BMI were less lizddgin thehigh total
sedentarytrajectorygroup On the other handhose witha LVEF < 40%, higheGRACE risk
score or lower physical healtelated quality of lifewere more likely to ben the high total
sedentary time group
Discussion

The current study found that ACS survivors spent, on average, more than 8fredé
hour waking day engaged isedentary behavior over the first month immediately following
hospitalization. 8dentary time was greatest during the first week and decreased in subsequent
weeks as ACS survivors assimilated back into everyday life after discharge. Our analysis suggests
the presence of three distinct patterns of chahge.of these patterns, comprisingpaoximately
70% of study participants, exhibited small, but statistically significant rates of decline in sedentary

time over the first month after discharg@ver the ame timeperiod,those in the third pattern
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exhibited less sedentary behavior initially and a nmaped decline in sedentary tingiring the
first 2-3 weeks, before leveling off at about 6% h/day of sedentary 8eweral factors, including
greater disese severity, lower physical healtblated quality of lifeand not having a partner were
positively associated with the most hazardous-pospital trajectory of sedentary time (e.g., high
volume of sedentary time with only a modest improvement ovej).time

It was previously reported in this cohort of ACS survivors that only ~16% met MVPA
guidelines, and strikingly, ~40% of patients did not engage in a single day of-&elatthcing
physical activity akin t o(Krensk, Diez, Go&smithe Maise, O30
& Schwartz, 2017) Collectively, the present and previous dstuprovide a comprehensive
description of the physical activity and sedentary behavior profile of ACS survivors in the first
month after hospitalizationfTheseresults suggest that few ACS survivors engage in sufficient
levels of MVPA, and many adopt a sedary lifestyle immediately upon returning home; with
most participants exhibiting relatively little change thereafter. These findings highlight a need to
develop strategies for promoting movement in this vulnerable population. \WinitBac
rehabilitation is a cornerstone of secondary prevention, only 11.4% of our participants attended a
cardiac rehabilitation program. This is not surprising, as low cardiac rehabilitation rates and poor
adherencéo exercisebased programs are well established amongamaditient¢Lawler, Filion,
& Eisenberg, 2011; Leon et al.,, 200%urthermore recent evidence has demonstrated that
exercisebased cardiac rehabilitation programs do not yield reductions in sedentary timefsince
can exercise for 30 min and be sedentary the rest of th¢Rilayas, Oh, Faulkner, & Alter, 2017;
Martin et al., 2015; Prince, Blanchard, Grace, & Reid, 201B)s, a specific focus on sedentary
behavior reuction strategies, in addition to exeresesed strategies, may be needed to promote

greater activity in ACS survivors.
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The total volume of sedentary behavior detected among ACS survivors in the current study
is lower than that observed in other clinigaopulations (e.g., stroke, chronic obstructive
pulmonary disease, etqnglish et al., 2016; L. K. Lewis, Hunt, Williams, English, & Olds,
2016) However, betweestudy differences in accelerometer protocolsl amocessing (e.qg.,
device, wear location, sedentary count threshold, andweam threshold duration) make it
difficult (and potentially problematic) to compare resuitshe present study those reported in
other clinical conditiondKozeyKeadle, Libertine, Lyden, Staudenmayer, & Freedson, 2011;
Oliver, Badland, Schofield, & Shepherd, 2011; Paul, Kramer, Moshfegh, Baer, & Rumpler, 2007)
A similar study suitable for comparing resuitsm the current studig the Dallas Heart Study, a
longitudinal, multiethnic populaticbased probability sample & 031 Dallas County adults
without CVD. Utilizing a wristworn ActicaE accelerometer and a 100 cpm threshold to define
sedentary behavior (identical to the pressntly), sedentary time accounted for a mean of 5.1
h/day over a 1-hour time period from 8AM to 8PM in the Dallas Heart Study. Similarly, when
the present studstricted the analytic period to 8AM to 8Pit\wasobserved that ACS survivors
spent a meanf®.4 h/day sedentary. The similar total volume of sedentary time observed between
the currenstudy sample and that of the Dallas Heart Study may be attributed to the high percentage
of UA patients irthe existingstudy sample (~52%), as these patiergseported to typically have
persevered cardiac function and return to work soon after hospitalization relative to those with Ml
(Eggers, Jernberg, & Lindahl, 2017; Slebus et al., 20E@)ure research may be neddto
elucidate whether ACS survivors are prone to more hazardous volumes of sedentary behavior
relative to their healthier peers.

A unique contribution of the present study is the application of goased trajectory

modeling techniques to identify distt patterns of change in sedentary behavior in a- post

51



hospitalization patient groughe first month after hospital discharge was studied under the
premise that this is a critical period when ACS survivors recuperate from their event and wherein
different trajectories might be observeélithough significant decreases in sedentary time from
one week to the next were observed for the full sample, different patterns of change emerged which
were in some cases gradual and in others, more rapid. Regardlbsschiihge observed over

time, most patients still exhibited high volumes of sedentary behavior throughout the first month,
which may indicate that intervening at any point during this critical time period could yield
beneficial reductions in sedentary tigwed help mitigate future health risk.

Understanding the factors that influence the amount of time ACS survivors spend sedentary
may help to inform the development of effective interventions in this populsitiben examining
factors associated with sedary behavior among ACS survivors in the present studyas
unsurprisingly observed that sicker, more ill patients with poorer physical function were more
likely to accrue higher volumes of sedentary tirBpecifically, indices ofdisease severitfi.e.
LVEF<40% and GRACE risk scor@nd physical healthelated quality of lifewereamong the
factorsassociated witheing classified in the most hazardeseslentary trajectory groype., high
volume and minimal improvement over timé) light of the factthe such patients are likely to
have difficulty attaining MVPA recommendatiofigorechi et al., 2018; Jefferis et al., 2014,
Lohne Seiler, Hansen, Kolle, & Anderssen, 201the replacement of sedentary time wetren
light-intensity activities of daily living may be benefici&lor example, in a general population
based study, theoretical statistical simulations via isotemporal substitution have suggested that
replacing 30 min of sedentary time with light physiaativity could reduce alkause mortality

risk by 18% among low active adu(tseith M. Diaz et al., 2018)
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Partner status was also a significant correlieh that those without a partrerspouse
were more likely to engage in hazardous amounts of sedentary time. Broadly, partner support is
linked to a wide range of positive health behaviors and health out¢bmdsay Smith, Banting,
Eime, O'Sullvan, & van Uffelen, 2017; Robles, Slatcher, Trombello, & McGinn, 20Rdj)tners
often attempt to directl y (Frankseuak 800@andeatoelrs ot h e |
may even engage in activities with patients as an effectivegtrateillness manageme(ucker
& Mueller, 2000) Theorists have highlighted thepartance of communal coping (i.e., appraising
an illness as relevant for the couple and engaging collaboratively to manage patient illness) in
promoting positive behavioral and heatihtcomegHelgeson, Jakubiak, ah Vleet, & Zajdel,
2018; M. A. Lewis et al., 2006; Lyons, Mickelson, Sullivan, & Coyne, 1988um,thefindings
of the current studguggest that greater disease severity, lower physical reldted quality of
life, and not having a partner may bmportant factors to consider when approaching the
development and implementation of sedentary behavior reduction strategies for patients that
recently experienced an ACS event. However, caution is warranted when interpreting these
findings as causalityannot be inferred based on the cresstional nature of the current study.

A strength ofthe presenstudy is theaccelerometemeasurement of sedentary behavior
via accelerometry over 28 consecutive days immediately-hasgiital discharge, which is a
critical period when patients recover from their event and secondary prevention interventions
ideally begin. Conventionalccelerometer protocols often entaiid@y monitoring periods; thus,
the present study represents one of the longest accelerometeolsrotmducted in ACS patients
These findings, however, should be interpreted in the context of several limit&timisthe
Actical E accelerometer cannot distinguish bet\

an intensityonly definition of sedentaryas utilized(Gibbs, Hergenroeder, Katzmarzyk, Lee, &
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Jakicic, 2015) Second, wristvorn accelerometers lack validated wistsed cupoints and have

been shown to be less accurate than hip/thigh accelerometers for estimating sedentary time, as they
tend to underestimate daily sedentary time due to greater movemenupptr extremities during
everyday activitiegKoster et al., 2016)Despite existing limitations, wristorn accelerometers

have been adopted by many populatt@sed studies to increase wear compliance by atieyi

the discomfort or inconvenience of Hyased accelerometer wedaroiano, McClain, Brychta, &

Chen, 2014)Use of a wristvorn accelerometer in the present stpgymitted the evaluation of
sedentary behavior over a{ianger period of time (28 days) relative to conventionatdaped
accelerometer protocols (~7 days); thus, allowihg explomtion of important poshospital
trajectories. Third, information abbu parti ci pantsé6é return to wor Kk
collected. Return to work represents a critical indicator of recovery from illfRes®, 2007;
Warraich, Kaltenbach, Fonarow, Peterson, & Wang, 20E&thermore, prior studies have
demonstrated that occupation can largely influence daily physical activity [Steksves et al.,

2018) Thus, return to work (or lack thereof) could have influenced the observed findings. Lastly,
this is a small, singteenter studyin an urban academic medical center, which may limit the
generalizability othe currenfindings. Most participants presented with unstable angina (~52%),
which may limit applicability of the results for patients with MI. Further, compliance to the
acceerometer protocol was relatively low (~45%). Participants excluded from the current analyses
were more likely to have a length of hospital stay >4 days, lower physical-healigd quality of

life, and less likely to receive PCI. Thuke findings from the current studymay not be

generalizable to the full PULSE study cohort.
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Conclusion

In conclusion, this study demonstrated that ACS patients as a group engaged in high
volumes ofaccelerometemeasured sedentary time, with patients exhibiting differatteps
over the first month postischarge, which involved either gradual or rapid reductions in sedentary
behavior. Several measures of disease severity and physical health (LVEF<40%, GRACE risk
score, physical heahtelated quality of lif¢, as well agpartner status, were associated with the
most hazardous pattern of sedentary behavior. These findings provide a foundation for
characterizinglifferent patterns osedentaryehavioras patients assimilate back into their daily
life and routineover the frst month postlischargeFuture research is needed to determine whether
these patterns of sedentary behavior are linked to the risk of adverse events after an ACS and to
inform whether, amongst the multitude of secondary prevention strategies recomiioeAdes

survivors, sedentary behavior should also be targeted.
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Table 1.Characteristics of Acute Coronary Syndrome survivors.

Overall
Participant Characteristics (n=149)
Sociodemographic
Age (years) 62.8 (112)
Male (%) 69.8 (n=104)
Black Race (%) 17.4 (n=26)
Hispanic Ethnicity (%) 38.3 (n=57)
Education O High Sc 43.0 (n=64)
Partner/Spouse (%) 60.4 (n=90)
Medicaid (%) 34.0 (n=50)
Hospitalization
AcuteCoronary SyndromeType
Unstatle Angina (%) 52.3 (n=78)
NSTEMI (%) 31.5 (n=47)
STEMI (%) 16.1 (n=24)
Length of Hospital Stay > 4 days (%) 23.5 (n=35)
Percutaneous Coronary Intervention (%) 85.9 (n=128)
Physical & Psychosocial
Exercise Participation P#&CS event (% 45.6 (n=68)
Cardiac Rehabilitation PG#CS event (%) 11.4 (n=17)
Body Mass Index (kg/R) 28.6 (5.0)
Left Ventricular Ejection Fraction < 40% (% 14.1 (n=21)
CVD History (%) 33.6 (n=50)
Charlson Comorbidity Index 1.5(1.6)
GRACE Risk Sore 87.8 (28.3)
Depression (%) 30.9 (n=46)
Physical HealttRelated Quality of Life 40.0 (10.9)
Mental HealthRelated Quality of Life 53.0 (10.7)
Sleep Quality 5.2 (4)

Accelerometer Characteristics

Wear Time (mins/day) 1219.0 (224.1)

Valid Wear Days 25.7 (2.8)
Total Sedentary Time (mins/day) 581.4 (121.6)
MVPA Bout Minutes (mins/day) 22.7 (37.6)

Values presented as mean (SD) or %. CVD (cardiovascular diseé&&{ E Global Registry

of Acute Coronary Eves), MVPA (moderateo-vigorous physical activityNSTEMI (nonST
segment elevation myocardial infarction), STEMI (ST segment elevation myocardial infarction).
"Depression= Beck Depression Inventory score > 10.
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Table 2. Correlates of being in the higkdentary behavior trajectory (versus either of the other
two sedentaryehavior trajectoes).

Model 1" Model 24
Variables OR (95% CIy P-Value OR (95% CIy P-Value
Sociodemographic
Age 1.06 (1.02-1.11) 0.01 0.97 (0.89 1.06) 0.46
Male 1.48 (0.56- 3.90) 0.43 2.32 (0.521 10.31) 0.27
Black Race 1.63 (0.50- 5.30) 0.42 0.70 (0.16 3.11) 0.64
Hispanic Ethnicity 1.33(0.53 3.32) 0.54 0.20 (0.06-0.74) 0.02
O High School E: 0.71(0.271.84) 0.48 - -
Partnerpouse 0.40 (0.15 1.08) 0.07 0.28 (0.08 0.97) 0.04
Medicaid 5.56 (1.45 21.36) 0.01 - -
Hospitalization
STEMI (reference =UA/NSTEMI)  2.11 (0.75 5.96) 0.16 - -
Length of Hospital Stay > 4 days 4.51 (1.75 11.62) <0.01 - -
PCI 0.50 (0.16- 1.53) 0.22 - -
Physical & Psychosocial
Exercise Participation Pyevent 0.87 (0.37, 2.05) 0.76 - -
Cardiac Rehabilitation Postvent 2.29 (0.67 7.87) 0.19 -
Body Mass Index 0.93 (0.84-1.02) 0.13 0.87 (0.771 0.99 0.04
LVEF < 40% 11.22 (3.6 7 34.3) <0.01 9.24 (2.03 42.00) <0.01
CVD History 0.98 (0.40 2.37) 0.96 0.17 (0.05 0.68) 0.01
Charlson Comorbidity Index 1.08 (0.83 1.41) 0.55 - -
GRACE Risk Score 1.04 (1.02-1.07) <0.01 1.05 (1.011 1.09) <0.01
Depressioh 1.30 (0.51- 3.28) 0.58 - -
Physical HealttRelated QoL 0.96 (0.92- 1.00) 0.06 0.94 (0.89 0.99) 0.02
Mental HealthRelated QoL 0.95 (0.92- 0.99) 0.03 - -
Sleep Quality 1.00 (0.9-1.12) 0.98 - -

CVD (cardiovascular disease), ClI (confidence interv@IRACE Global Registry of Acute
Coronary Events LVEF (left ventricular ejection fractignOR (odds ratio)PCI (Percutaneous
Coronary Intervention NSTEMI (nonST segment elevation myocardial infarchor@QolL
(Quality of Life), STEMI (ST-segment elevation myocardial infarctipb)A (unstable angina).
"Separate logistic regression models for each correlate adjusted for Age, Sex, Black Race, and
Hispanic Ethnicity.

"Separatedgistic regression models for each correlate adjusted for Age, Sex, Black Race, and
Hispanic Ethnicity.

AParsimonious backward elimination regression model after including all correlates and adjusting
for Age, Sex, Black Race, and Hispanic Ethnicity.

YOddks ratio for high sedentary group membership. Low and moderate groups were combined and
set as the reference group.

SDepression= Beck Depression Inventory score > 10.
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Figure 1. Sedentarytime over the 28 days poslischarge period among low, moderate aigh
trajectory groups of Acute Coronary Syndrome survivors. Data are presented as mean = 1
standard error for eaatay, bysedentary trajectory group.
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Supplemental Material
Supplemental Methods

Sociodemographidactors(age,sex,race ethniaty, educationpartnerstatus Medicaid),
hospitalization characteristics/procedurg®\CS type, length of hospital stay, percutaneous
coronaryinterventionPClI]), measuresf healthstatus/diseasgeverity(bodymassndex[BMI],
left ventricularejectian fraction [LVEF], CVD history, CharlsonComorbidity Index, GRACE
risk score,physicat and mental healthrelatedquality of life), prior exercisehistory, cardiac
rehabilitationparticipation depressiomandsleepqualitywereall examinedaspotentialcorrelates
of accelerometemeasuregedentarypehaviorcharacteristics.

Sociodemographic factors and prior exercise participation were determined by patient
interview at baseline using standard questionnaires. Medicaid is @adtateistered assistance
program designed to provide health coverage foriltm@me people under the age of 65 years
who cannot finance their own medical expenses or have qualifying comorbid con({tavis
et al., 2006)As such, Mediaid is considered a proxy for low socioeconomic status. Prior exercise
participation was assessed by the single iten
were you exercising regularly?06 with atftoyeso a
participation was ascertained abfbnthposhos pi t al i zati on with a one
l ast study visit, have you participated in ca
options. Cardiac rehabilitation participation wasedained by patient interview at omeonth
post hospitalization. LVEF, prior CVD, length of hospital stayhaspital cardiovascular
procedures (PCI), and ACS type (unstable angina;Siesegment elevation MI, S$egment
elevation MI) were ascertained bnhedical record chart review. LVEF and length of hospital stay
were expressed categorically (LVEF: {dp8206 vs. (

Jimenez et al., 2004; Vavalle et al., 2Q01Phe 6month postACS mortality risk was assessed
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using the Global Registry of Acute Coronary Events (GRACE) index. The GRACE index tabulates
scores related to clinical health measures (age, heart rate, systolic blood pressure, serum creatinine,
congestive heart faite Killip class, presence of cardiac arrest at admission, ST segment deviation,
and elevated cardiac enzymes or biomarkers) that range from 1 to 263 points, with higher scores
indicating greater mortality risfGranger et al., 2003J 0 assess the severity of comorbidities the
Charlson comorbidity (CCIl) index was used. The CCI takes into account 17 categories of
comorbidity (such as diabetes, dyslipia and hypertension), weighting each category by its
mortality risk, sums the weighted scores and subgroups these into four catédofies et al.,

2004) Numerous studies have supported the consistency and predictive validity of ti@eCCI
Groot, Beckerman, Lankhorst, & Bout@Q03)

Physicaland mentalhealthrelatedquality of life wasassesseth-hospitalby the Short

Form12HealthSurvey(SF12),a12-item multi-purposemeasur@f healthrelatedquality of life,
which is basedon eight healthrelatedconcepts adaptedfrom the longer SF36 (Ware et al.,
2002) The SF12 subscalesnclude physical functioning, role-physical (e.g., how physical
problemsaffect daily life), and social functioning, mental heath, role-emotional (e.g., how
emotionalproblemsaffectdaily life), bodily pain, vitality, andgenerahealth.Compositescores
of physicalandmentalhealthrelatedquality of life arederivedfrom a combinationof the eight
subscalesandthesearereportedin this study.

Depressivesymptoms were measuredin-hospital by the 21-item Beck Depression
Inventory (Beck, Ward, MendelsonMock, & Erbaugh,1961) Participantsratedon a 4-point
scalethe extentto which variousdepressiosymptomg21-itemsdescribingcognitive,affective,
andsomaic symptomshadbeenpresenor absenfor the previousweek.Ratingsweresummed,

andhigherlevelsindicatedgreatersymptomseverity. Sleepquality was measuredat 1-month
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follow-up by the PittsburghSleepQuality Index, a 19-item self-ratedquestionairethatassesses
sleepquality and disturbancegBuysse,Reynolds,Monk, Berman,& Kupfer, 1989) Because
sleepdisturbancenasbeenwell documentecamonghogitalized patients(Redeker& Hedges,

2002) we electedo assessleepquality at 1-monthfollow-up insteadof in-hospital.
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SupplementalFigure 1. Consort of Accelerometédevice Return

930 eligible
participants

v

264 declined to participate

666 participants
agreed to
participate

46 unable to schedule

v

\4

620 participants
given a device

181 devices lost/not returned

v

439participants
retuned device

v

8 devices never used

A4

431 participants
returned device
with data
» 253 with < 3 valid wear
v days/week over postischarge
181 participants period (weeks 4)
returnedwith

valid wear days

32 received coronary artery
v bypass grafting/rhosptalized
149participants
met all criteria

v

70



Supplemental Table 1 Characteristics of participants included vs. excluded from the present
analyses who consented to participate in the ancillary physical activity study.

Included Excluded P-Value
Partidgpant Characteristics (n=149) (n=471)
Sociodemographic
Age (yrs) 62.8 (11.2) 63.4 (11.7) 0.58
Male (%) 69.8 64.5 0.24
Black Race (%) 175 23.7 0.11
Hispanic Ethnicity (%) 38.3 36.7 0.74
Education O High Sc 43.0 50.7 0.10
Partner/Spouse (%) 60.4 55.1 0.26
Medicaid (%) 34.0 32.0 0.65
Hospitalization
AcuteCoronarySyndromeType 0.44
Unstable Angina (%) 524 54.4
NSTEMI (%) 315 32.1
STEMI (%) 16.1 13.6
Length of Hospital Stay > 4 days (%) 23.5 40.8 <0.01
Percutaneous Coronary Intervention (%) 85.9 76.0 0.01
Physical & Psychosaocial
Exercise Participation P#&CS event (%) 45.6 44.0 0.69
Cardiac Rehabilitation Pe#tCS event (%) 11.4 125 0.72
Body Mass Index (kg/@ 28.6 (5.0) 29.2 (5.9) 0.22
Left Ventricular Ejection Fraction < 40% (% 14.1 13.6 0.88
CVD History (%) 33.6 32.2 0.78
Charlson Comorbidity Index 1.5(1.6) 1.7 (1.7) 0.29
GRACE Risk Score 87.8 (28.3) 91.7 (305) 0.16
Depression(%) 30.9 33.6 0.55
Physical HealtfRelated QoL 40.0 (10.9) 37.8 (11.0) 0.03
Mental HealthRelated QoL 53.0 (10.7) 54.0 (10.7) 0.35
Sleep Quality 5.2 (4) 5.6 (4.2) 0.38

Values presented as mean (SD) or®¢D (cardiovascudr disease), GRACE3|obal Registry of Acute
Coronary EventsNSTEMI (nonST segment elevation myocardial infarctioQpL (quality of life),
STEMI (ST segment elevation myocardial infarction).

"Depression= Beck Depression Inventory score > 10.
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SupplementalTable 2. Characteisticsof Acute Coronary Syndrome survivasatified by total

sedentary time trajectory groups.

Low Moderate High
Participant Characteristics (n=47 (n=72 (n=30
Sociodemographic
Age (yrs) 58.5(10.7)  63.7(10.8)  67.6 (110)
Male (%) 70.2 68.1 73.3
Black Race (%) 21.3 15.3 16.7
Hispanic Ethnicity (%) 42.6 38.9 30.0
Education O High Sc 48.9 41.7 36.7
Partner/Spouse (%) 55.3 68.1 50.0
Medicaid (%) 29.8 32.9 43.3
Hospitalization
AcuteCoronarySyndromeType
Unstable Angina (%) 57.4 54.2 40.0
NSTEMI (%) 36.2 26.4 36.7
STEMI (%) 6.4 19.4 23.3
Lengh of Hospital Stay > 4 days (%) 17.0 18.1 46.7
Percutaneous Coronary Intervention (%) 93.6 83.3 80.0
Physical & Psychosocial
Exercise Participation P#&CS event (%) 48.9 44.4 43.3
Cardiac Rehabilitation P#CS event (%) 10.6 9.7 16.7
Body Mass Index (kg/R) 28.8 (5.4) 29.2 (4.9) 27 (4.5)
Left Ventricular Ejection Fraction < 40% (% 4.3 9.7 40.0
CVD History (%) 31.9 33.3 36.7
Charlson Comorbidity Index 1.3(1.4) 1.4 (1.7) 1.9 (1.6)
GRACE Risk Score 77.2 (23.5) 86.4 (23.9) 1074 (35)
Depression(%) 29.8 29.2 36.7
Physical HealtrRelated QoL 41.3(10.6)  40.6 (11.1)  36.6 (10.5)
Mental HealthRelated QoL 55.1 (8.5) 53 (11.3) 49.9 (11.7)
Sleep Quality 5.6 (4.4) 5 (3.9) 5.2 (3.5)

Accelerometer Characteristics
Wear Time (mins/day)
Valid Wear Days
Total Sedentary Time (mins/day)
MVPA Bout Minutes (mins/day)

1251.1 (219.8) 1173.4 (240.3) 1278.1 (166.9)

26 (2.6) 25.1 (3.1) 26.4 (2.6)
440.3 (50.2) 601.1(44.1)  755.4 (46.5)
42.3(56.8)  16.6 (20.7) 6.6 (8.6)

Valuespresented as mean (SD) or %. CVD (cardiovascular dis€&aR&CE Global Registry of Acute
Coronary EventsIMVPA (moderateto-vigorous physical activityNSTEMI (norST segment elevation
myocardial infarction)QoL (quality of life), STEMI (ST segment elevation myocardialardtion).
"Depression= Beck Depression Inventory score > 10.
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Supplemental Figure 1.Sedentary time over the 28 days pdisicharge period among low,
moderate and high trajectory groups of Acute Coronary Syndrome survivors using a 200 count
per minute threhold. Data are presented as mean + 1 standard error for each day, by sedentary

trajectory group.
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Supplemental Figure 2.Sedentary time over the 28 days pdisicharge period among low,
moderate and high trajectory groups of Acute Coronary Syndromars wherrestricting
wear time from 8ar8pm Data are presented as mean + 1 standard error for each day, by

sedentary trajectory group.
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CHAPTER IV

AccelerometerMeasured Sedentary Behavioand Health Outcomes inAcute Coronary
Syndrome Surviors

Abstract

Acutecoronarysyndromg ACS) survivorsengagen high volumesof sedentarypehavior
overthefirst monthafterhospitalizationHowever therelationshis betweersedentarypehavior
during this time period and health outcomesin ACS patiens are unknown Purpose: To
determinewhether accelerometemeasuredsedentarybehavior during the first month post
hospitaldischarges associatedvith the risk of 1-yearrecurrentmajor adversecardiovascular
event§ MACE) or hospitalizationsn ACS patients.Methods: Participantgn=323;68.7%male;
62.91£10.9y) with confirmed ACS and valid accelerometedata from the PrescriptionUse,
Lifestyle,andStressvaluation(PULSE)studywereexaminedSedentaryime wasmeasuredy
accelerometrjor 28-daysposthospitaldischargeMACE includeda compositeof recurrennon
fatal MI, urgentcardiacrevascularizationand unstableanginahospitalization Hospitalizations
includedthefirst occurrenceof a hospitalizatiorduring or after completionof the acceleometer
protocol, regardlessof cause.Unadjustedand adjustedCox proportional hazardsregression
modelingwasusedto calculatethe hazardratio (HR) for MACE andhospitalizationsassociated
with meansedentaryime estimatesResults: Participantspenta mean(SD) of 9.9+ 2.1 h/day
in sedentaryehaviorduringthe 28-daysposthospitaldischargewhich accountedor 61.9%of
weartime overa l6-hourwakingday. At 1-yearfollow up,therewere40recurrenftMACE events
and142 hospitalizationsMeansedatary time wasnot associatedvith risk of recurrentMACE
or hospitalizationgn unadjustedHR [95% Confidencelnterval (Cl)]: 1.07[0.937 1.24; HR
[95%CIl]: 1.07[0.99i 1.16; respectivelyandmultivariableadjustednodelsHR [95%Cl]: 0.98

[0.8371 1.15; HR [95% CI]: 1.03[0.957 1.14; respectively. Conclusion: Sedentarybehavior
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duringtheimmediatemonthafterhospitalizationwvasnot associateavith increasedisk of 1-year
recurrentmajor adversecardiaceventsor hospitalizationan ACS survivors, suggestingthat
sedentarypehaviorduringthis posthospitaltime window may not be a prognosticrisk factorin

ACS survivors.
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Introduction

More thanonemillion patients are hospitalizezhch yeafor Acute Coronary Syndrome
(ACS) in the UnitedStates alonéMozaffarian et al., 2015)Accordingly, new technologies,
interventions, medications, and treatment guidelines have been implemented over recent decades
to improve survival after ACS, resulting in aowing population of ACS survivors. EXxisting
treatments afteACS includes longerm medicaland interventionakherapy and secondary
prevention strategie@Amsterdam et al., 2014 Current American Heart Assodi@/American
College of Cardiology (ACC/AHA) guidelines recognize physical activity and cardiac
rehabilitation as Class | secondary prevention strat¢gi@sterdam et al., 2014however, few
patientsattain theselifestyle targetse.g., ©1 50 mi n s/ we eté vigorbusinteositye r a t e
physical activity [MVPA] or attend cardiac rehabilitatiosd a result of different barriers (e.qg.,
physical, social, provideneferral etc.)(Chow et al., 2019; Kronish, Diaz, Goldsmith, Moise, &
Schwartz, 2017)Consequently, &S survivors remain at substantial risk for recurrent cardiac
events and mortalittMenzin, Wygant, Hauch, Jackel, & Friedman, 20@8)derscoring a critical
need to identifyadditionalprognostic risk factorshat can be targeted for interventimprolong
survival and reduce recurrent evemtghis vulnerable populatio®One such risk factor may be
sedentary behavior.

Evidence from populatichased studies has linked prolonged sedentary behavior to
increasedisk for cardiovascular morbidity and mortal{Biswas et al., 2015; Wilmot et al., 2012)
wherein only high levels of MVPA (~60 to 75 minfdaymitigate the risk conferred by prolonged
sedentarinesfEkelund et al., 2016) Previous findings characterizing the physical activity and
sedentary habits of ACS survivors over the first month after hospitalizktawthat few patients
engage in sufficient levels of MVRPAMoreover, many rapity adopt a sedentary lifestyle

immediately upon returning homwith most patients exhibiting relatively little change thereafter
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(Duran, Garber, Schwartz, & Diaz, 2018; Kronish et al., 20HOwever, no existingJ.S.
guidelines for secondary prevention in ACS patients mention sedentary behavior as a risk factor
to be treatedThis omission may be due &xisting controversies about the adverse effects of
sedentary behavior in the general population (eugcertanty whether health effects are
independent of MVPA; physiological mechanisms underlying adverse effects; feasibility of
sedentary behavior reduction in adulied/ora lack of empirical evidendgroung et al., 2016)

as there is currently no publishedalt quantify hovaccelerometemeasured sedentary behavior
relates to health outcomes in ACS patients.

To inform secondary prevention guidelines on reducing sedentary behavior, evidence from
prospective studies is needed to confirm the association éeteedentary time and health
outcomes in ACS survivors. Therefore, the primary aim of the current study was to determine
whether sedentary behavior was associated with risk -péal recurrentmajor adverse
cardiovascular event (MACENdall-cause mortaty (ACM) among ACSsurvivors A secondary
aim was to determine whether sedentary behavior was associated with rigleanf recurrent
cardiovascular disease relatedspitalizationsn this same populatiort was hypothesized that
greater sedentary tinduring the first month postischarge willpredictincreased dyear risk of
MACE, ACM, andhospitalizations in ACS survivors.

Methods

Study Population: ACS patientshospitalizedin tertiary care academicmedical centerwere
enrolled into the Prescription Use, Lifestyle, and Stress Evaluation (PULSE) study, an
observationatohortstudyconductedrom February2009to Septembe2012(N=1087).PULSE
wasdesignedo examinebehavioralandbiological pathwayshat may conferincreasedisk for

recurrentcardia events(Whanget al., 2013) Hospitalizationwith an adjudicateddiagnosisof
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ACS was the inclusion criterion ACS eventswere defined accordingto American Heart
Association/AmericarCollege of Cardiology (AHA/ACC) criteria as either acutemyocardial
infarction (MI, with or without ST-elevation)or unstableangina(Amsterdamet al., 2014)
Exclusion criteria includedindividuals lessthan 18 yearsof age,without English or Spanish
proficiency,inability to completethe baselineassessmertr to adherewith the studyprotocol,
andthosewho weremedicallyunstable.

This paperreportson a substudy whose purposewas to measurephysical activity and
sedentarypehaviorfor up to 45 daysfollowing hospitaldischargevia accelerometryconducted
amongthe PULSE study cohortfrom August20097 Septembef012 (Greenet al., 2013) To
stay consistentwith methodsfrom Chapterlll, an accelerometewear period of 28 dayswas
selectedor the currentstudy.A total of 620 participantswveregivenanacceleromneter.Of these
individuals 323 patrticipantsreturned the accelerometemwith usable data and adheredto
accelerometewearrequirementg Odayswith accelerometewear> 10 h/dayfor at leastone
weekoverthefirst 28 dayspostdischarge (KocherginskyHuisingh-ScheetzDale,Lauderdale,
& Waite,2017;Trost, Mclver, & Pate,2005)(SupplementaFigure1A). The PULSEprotocols
wereapprovedy the ColumbiaUniversityMedical CenternstitutionalReviewBoardandverbal
andwritten informed consentwas obtainedfrom all participantsbeforethey wereenrdled into
the study.Characteristicef ancillary studyparticipants andthosewho were excludedfrom the
currentanalysesareshownin Supplementalablel.

Accelerometer Protocol Participants were fitted at or soon after hospital discharge with an
accderometer ActicalE ; Philips Respironics, Bend, OR) on their amminant wrist, and were
instructedto wear the device continuously for 45 dagxcept when bathing or sleepiagd to

return the device via mail at the end of the monitoring period. atbelerometeiis an ommn
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directional accelerometer that has been validated for the measurement of physical activity when
worn on the wrist(Diaz et al., 2018; Heil, 2006Activity counts were collected in-thinute
epochs.
Accelerometer ProcessingNonwear time was determined using the Choi algorithm, defined as
at least 90 consecutive minutes of zero counts, with allowance of 1 or 2 minutes of nonzero counts
as long as no counts were detected in thenBlute winadws at the start or end of the-80nute
(or longer) periodChoi, Liu, Matthews, & Buchowski, 2011 pochs with less than 100 counts
per minute (cpm) anetdaskderdaby behavior amdeMiVRA, respeativedyi f i
(Hooker et al., 2011; Kulinski, Kozlitina, Berry, de Lemos, & Khera, 20T@éne spent in
sedentary behavior was determined by summing the number of minutes iwlheatathe activity
counts met these criteria. Presently, there are no validat@dicus to classify sedentary behavior
usingthis devicewhen worn on the wrisA sedentary cupoint of 100 counts per minute (cpm)
was selectethased on findings and mettodefined in the Dallas Heart Study, a longitudinal,
multiethnic populatiorbased probability sample of Dallas County resid@fainski et al., 2016)
The Dallas Heart Study assessed sedentary timethdtsame modedrist-worn accelerometer
and classified sedentary time as <100cpm. Findings from the Dallas Heart Study demonstrated that
accelerometemeasured sedentary time was assediatith subclinical atherosclerogisulinski
et al., 2016) and chronic subclinical myocardial injudarrington et al., 2017)Given that
sedentary time classified as <100cpm was associated with meaningful cardiovascular health
indices in a large, representative sample/as decidedo incorporate the same epoint forthe
currentanalyses athat utilized in the Dallas Heart Study.

For each compliant day (010 Hayposdiscmige we ar )

period, the total number sedentary minutes and the total time spent in MVPA were calculated.
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Compliant days that occurred on after a reoccurring event (i.e., MACE/ACM or
hospitalization) were removed from analyses. Because of a high correlation between sedentary
time and wear time for both analytic samples (r=0.80 for both), we corrected for the influence of
variation in wear ime by standardizing sedentary time using the residuals obtained when
regressing sedentary time on wear time at the group (eeelly, Winkler, Brakenridge, Reeves,

& Eakin, 2015; Qi et al., 2015; Willett & Stampfe.986) As a result, sedentary time is expressed

as the predictededentary time for that day, had the participant worn the device for 16 h.

Outcome Ascertainment The primary outcome was the first occurrence of either a major adverse
cardiovascular event or athuse mortalityHospitalizations and vital status werssassed at
participant followup phone calls completed at, -, and 12months after enrollment. Medical
record extraction was done uniformly for any reports of hospitalizations during the course of the
study for adjudication ofMACE and ACM An EndpointClassification Committee, which
consisted of two board certified cardiologists, independently reviewed the medical record and
classified cause of each hospitalization. Full agreement by both reviewers was required to classify
an event. In the case of asdgreement, a third independent reviewer was consulted to adjudicate
the end points determinatiohhe reviewers were blinded to theedical record discharge codes
MACE was defined as the composite of a recurrentfatal M, urgent cardiac revascularizm

(defined as ischemic symptoms that resulted in either urgent percutaneous coronary intervention
[PCI] or coronary artery bypass graft [CABG] surgery), and unstable angina hospitalization. The
criteria for each MACE category were abstracted from th€EIA consensus of data elements

for measuring outcomes and were used by the Endpoint Classification Committee to determine if,
and on what date, one of these events occurred. ACM was defined as any death regardless of cause.

Dates of death were confirmeatrough review of death certificates, medical records, and
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administrative databases. The secondary outcome was recurrent hospitalization, defined as the first
occurrence of a hospitalization during or after completion of the accelerometer protocol ssgardle

of causeAll outcomes were operationalized as a binary variable based on event status (i.e., event
occurred or no event) for analyses.

Covariates Potential covariates associated with risk of MACE/ACM and hospitalizatieare
measured. These inled sciodemographic factors (age, sex, race, ethnicity, education, partner
status) hospitalization characteristics/procedures (length of hospital stay, PCl, CA®G3ures

of health status/disease severity (body mass index;[fientricular ejectin fraction [LVEF],
estimated glomerular filtration rate less than 60 mL/ min/1.73hypertensiondyslipidemia

CVD history, Charlson Comorbidity Indexde Groot, Beckerman, Lankhorst, & Bouter, 2003;
Nufiez et al 2004) Global Registry for Acute Coronary Events [GRACE] risk sq@eanger et

al., 2003); current smokingprior exercise historyand cardiacehabilitation participatiorDetails

of the measurement and scoring af potential correlates are available in tBapplemental
Material section of Chapter I(pages 66-68).

Statistical Analysis Descriptive statistics, including frequencies and msea standard
deviations, were computed to characterize participant sociodemographic, health, accelerometer
and outcome characteristics. Multilevel growth curve models were then used to create mean
sedentary time estimates for each participant based oal pameters specified from previous
analyses conducted @hapter Ill The mean sedentary time estimates are adjusted for the temporal
trend in the data and the number of days with valid wear time. Cox proportional hazards regression
modeling was used teoalculate the hazard ratio (HR) for MACE/ACM (primary aim) and
hospitalizations (secondary aim) associated with mean sedentary time estimates. Crude HRs and

95% confidence intervals (Cl) were initially calculated. Subsequent HRs and 95% CI were
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calculatedafter adjustment for covariates identified in separate preliminary backwards elimination
regression analyses that included 20 potential correlates of MACE/ACM and hospitalizations. The
parsimonious model for MACE/ACM included Charlson Comorbidity Indek @RACE Risk
Score as potentiatovariatest h a t were statistically signific
parsimonious model for hospitalizations included sex, education, exercise particjaiioto
ACS event, estimated glomerular filtration rate less than 60 mL/ min/1%3and Charlson
Comobi dity I ndex as potenti al predictors that \
Because a validated epbint for sedentary behaviosing thiswrist-baseddevicehas not
been established, a sensitivity analysis was condueitddall andyses repeated with sedentary
behavior defined as epochs with less than 200 cpuaditionally, to exclude possible
accelerometer wear during sleagsensitivity analysis was conducted restrictireyaccelerometer
analysis period to 8:00 AM to 8:00 PM.dtby, asensitivity analysis was conducted restricting
accelerometer analysis to participants that h
postdischarge (weeks-4). All analyses were performed using SAS software, version 9.4 (SAS
Institute Inc, Cary, North Carolina).
Results
Participant Characteristics
Table 1 presentghe sociodemographidiealthand accelerometecharacteristicof the
analytic sample (n=323) Participantswere predominantlymale, and racially and ethnically
diverse.The majority presentedvith unstableangina,receivedPCI during hospitalization had
hypertensionand dyslipidemia, and did not attend cardiac rehabilitation. Additionally, the
majority of participantshadan educationgreaterthana high schoolgraduationandalmosthalf

reportedregular participationin exerciseprior to their ACS event.Over the first month after
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dischargesedentarypehavioraccountedor ameanof 61.9%o0f weartime overa 16-hourwaking
day,equivalento amean(SD) of 9.9+ 2.1 hoursof sedentaryime perday.
Sedentary Time and Riskof MACE/ACM

At 1-yearfollow up,therewere40recurrentMACE andtherewereno ACM eventsTable
2 (Upper Panel) presentsthe unadjustedand adjustedhazardratios and 95% CI for MACE
associatesvith meansedentaryime overthe28 days postdischargegerliod. Meansedentaryime
washotassociateavith risk of recurrenMACE in eithertheunadjustear multivariableadjusted
models.In sensitivityanalysessimilar resultswereobservedvhenusinga sedentarygut-point of
200cpm(Supplementarlable2: UpperPanel) whenrestrictingtheaccelerometeginalysigperiod
to 8:00 AM to 8:00 PM (Supplementallable 2: Middle Panel),andwhenrestrictingfor valid
weartime on O3 dayseachweekoverthe 28 days posthospitaldischargeperiod (Supplemental
Table2: Lower Panel).
Sedentary Time and Risk of Hospitalizations

At 1-yearfollow up, therewere 142 recurrenthospitalizationsor any cause Table 2
(Lower Panel)presentsheunadjustec&ndadjustechazardratiosand95% Cl for hospitalizations
associateevith meansedentaryime overthe28 days postdischargeeriod.Meansedentaryime
was not significantly associatedwvith risk of recurrent hospitalizationsin the unadjustedand
multivariableadjustednodels Similar resultswereobservedvhenusinga sedentargut-point of
200cpm(Supplementarable3: UpperPanel) whenrestrictingtheaccelerometeginalysigeriod
to 8:00 AM to 8:00 PM (Supplementalrable 3: Middle Panel),andwhenrestrictingfor valid
weartime on O3 dayseachweekoverthe 28 days postdischargeperiod (Supplemental able 3:

Lower Panel).
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Discussion

In this prospective study of ACS survivotise averagsedentary time over the first month
after hospitalizatiorwas not associated with an increasegear risk of recurrent MACE or
hospitalizations. Contrary to our hypothesis, thpsaiminary findings suggestthat sedentary
behavior during the immediate mbnafter hospitalization is not a prognostic risk factor of
recurrent events and hospitalizations in ACS survivors

Secondary prevention is a vital feature of the management of care for ACS survivors,
whereinsubsequent cardiovascular morbidity and mdstalan be reduced by a comprehensive
approach (e.g., lifestyle changes, risk factor education, medical therapy) to constructively modify
pati ent s 0 (Amstesl&m epal., 2014; ISraith et al., 2013frongevidence exists on the
cardiovascular protective effects induced by physical activity in secondary prevention, such as
reducing the impact of disease, slowing its prograsg preventing recurrenoé anacute event
(Alves et al., 2016)However, little is known about the adverse effeglisited by sedentary
behavior during secondary preventiefforts among ACS survivorén an observational cohort
study of more than 1,000 patients with coronary heart disease, Mons and colleagues (@@14) fo
that patientswho self-reported the least amount of actividyl2 monthshad a twefold elevated
risk for major cardiovascular events over the course of -ge&® followup period (Mons,
Hahmann, & Brenner, 2@). However,the aforementioned studgcusel on physical activity
levels as opposed to sedentary behaderwell as measured activity levels at a timepoint when
most lifestyle secondary prevention strategies may have already been completed

The presenstudyfills a gap in the available evidence lyxaminingthe association
betweeraccelerometemeasured sedentary behavies. physical activityyluring the first month
immediately after hospitalization (vs.-ykar post hospitalization) and-ykar recurent

cardiovascular event3he first month of recovery following ACS may preserdriéical period
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when secondary prevention stratediegin to be adopted, and so this high degree of sedentariness
is of concern While the findingsfrom this studysuggesthat sedentary behaviduring the first
month posthospitalizationis not associated with-year recurrent cardiac events among ACS
survivorsi t 6 s p o s diffetert postitodpitalizatian time period (e.g., 6 month) and/or
longer posthospitalizaibn time period is needed (i.e., duration longer thany@aa to detect the
adverse effects of sedentary behavior in ACS survivors

Previous studies have examined the association beweeeterometemeasured physical
activity and 3@day allcause hodfal readmissions other clinical conditionsuch aseart failure
and COPD. Waring and colleagues (2017) measured physical activity via awerist
accelerometer in a group of heart failure patients and found that lower levels of physical activity
overthe first week postlischarge was related togher30-day allcause readmissior{gVaring,
Gross, Soucier, & ZuWallack, 20173 imilarly, Chawla and colleagues (2014) found that lower
physical activity over the first week pedischarge for a clinical exacerbation of Chronic
Obstructive Pulmonary Diseas@asvassociated witlnore30-day allcause readmissioii€hawla,
Bulathsinghala, Tejada, Wakefield, & ZuWallack, 2Q1AJjthough both studies found an
associabn between lower physical activity levels and hospitalizaticosyparison between
findings of the current studynd those reported in other clinical conditions is difficult due to
differences in accelerometer protocols and processing (e.g., dexamsty threshold,vector
magnitude units vs. count per minuaed norwear threshold duration) andration of thdollow-
up (30 days vs. 1 year)

A strength othe currenstudy is the measurement of sedentary behavior via accelerometry
over 28 consecutiveays immediately podtospital discharge in a racially/ethnically diverse

sample of ACSurvivors,which allowed for more precise measurement of habitual sedentary time
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over several weekgonventional accelerometer protocols often erfiaib 7-day monibring

periods, making the present study one of the longest accelerometer protocols conducted in ACS
patients. Nonetheless, several limitations should be acknowledged when interpreting the findings
of the current study. F i mnet tdistingtidh eetwken tdiffeseatl E a c
postures (e.g. sitting, standing). This lintithh e ¢ u r r abitity to axlhere tbythé sonsensus
sedentary behavior definition, which includes
(sitting or reclining) (Gibbs, Hergenroeder, Katzmarzyk, Lee, & Jakicic, 2015; Sedentary
Behaviour Research, 2012 herefore, an intensignly definition of sedentary behavioras

employed which mayhaveoverestimate sedentary time as some standing may also be included
(Gibbs et al., 2015) Secondy, wristworn accelerometers lack validated wiistsed cupoints

and have been shown to tend to underestimate daily sedentaiykoster et al., 2016)Despite

existing limitations, wristvorn accelerometer placement/eashown ¢ increase weaadherence

by alleviating the discomfort or inconvenience of -bgsed accelerometer we@Froiano,

McClain, Brychta, & Chen, 2014yvhich was the rationale for using a wiiistsed device for the

current study protocol To account for this limitatiorhowever,a sensitivity analysis with an
alterrative cutpoint (200 cpm)was conductedwhich yielded similar results for both recurrent

MACE and hospitalizationsLasty, this is a small, singkeenter studyin an urban academic
tertiarycaremedical center, which may limit h i s gotvar t gedasassociations, as well as

the generalizability aofhe currenfindings. For instance, the majority of our sample presented with
unstable angina (480), which may limit applicability of the results for patients with, sl these

are lowerrisk patients
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Conclusion

In conclusion, this studwas unable to detect significant associations betwedentary
behavior during the immediate month after hospitalizagiod therisk of 1-year recurrentajor
adversecardiac events or hospitalizationsACS survivorsWhile the findings of this study might
suggest that targeting sedentary behavior is not an essential secondary prevention target in the
periods, by far, these results are not definitive as to the potential benefit of a strategy of reducing
sedentary behaw early in the post ACS recovery period. Future research with a larger sample
and longer followup is needed to confirm the prognostic utility (or lack thereof) of sedentary

behavior in the early and later post ACS recovery period.
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Table 1. Characteristics of Acute Coronary Syndrome survivors in the primary analytic sample
(n=323).

Participant Characteristics Mean (SD) or %

Socioemographis
Age (yrs) 62.9 (10.9)
Male (%) 68.7
Black Race (%) 20.0
Hispanic Ethnicity (%) 39.3
Education O High Scho 45.2
Partner/Spouse (%) 57.9
Medicaid (%) 32.6

Hospitalization
AcuteCoronarySyndromeType

Unstable Angina (%) 53.6

NSTEMI (%) 31.3

STEMI (%) 15.2
Length of Hospital Stay > 4 days (%) 31.3
Percutaneous Coronary Intervention (%) 79.3
Coronary Artery Bypass Graft Surgery (%) 8.4

Physical & Psychosaocial
Exercise Partigiation PreACS event (%) 46.7
Cardiac Rehabilitation Pe#CS event (%) 12.7
Current Smoker (%) 13.3
Body Mass Index (kg/f) 29.0 (5.5)
Left Ventricular Ejection Fraction < 40% (%) 14.9
Hypertension (%) 77.4
Dyslipidemia (%) 63.2
eGFR< 60 mL/min/1.73 rhi(%) 22.5
CVD History (%) 33.7
Charlson Comorbidity Index 1.6 (1.6)
GRACE Risk Score 89.2 (28.7)
Depression(%) 34.4
Physical HealtiRelatedQuality of Life 39.0 (10.7)
Mental HealthRelatedQuality of Life 53.4 (108)
Accelerometer Characteristics

Wear Time (mins/day) 1171.5 (230.7)
Valid Wear Days 20.0 (7.6)
Total Sedentary Time (mins/day) 594.0 (126.0)
Total MVPA Minutes (mins/day) 49.4 (44.8)
MVPA Bout Minutes (mins/day) 14.9 (21.1)

Values presented as mean (SD) or %. CVD (cardiovascular disease), eGFR (estimated glomerular filtration
rate), GRACE (Global Registry for Acute Coronary EveptdMVPA (moderateto-vigorous physical
activity), NSTEMI (nonST segment elevation rogardial infarction), STEMI (ST segment elevation
myocardial infarction).Depression= Beck Depression Inventory score > 10.
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Table 2. Unadjustecandadjustechazardratiosand95% ClI for majoradversecardiaceventsandhospitalizations@ssociateavith
meansedentaryime.

Unadjusted Model Adjusted Model
Variables HR (95% CI) P-Value HR (95% CI) P-Value
MACE (number of events=40)
Sedentary Time (mins/day) 1.07 (0.931 1.24) 0.34 0.98 (0.831 1.15) 0.79
Hospitalizatons (number of events=142
Sedentary Time (mins/day) 1.07 (0.9971 1.16) 0.08 1.03 (0.951 1.14) 0.49

Notes: Cl(confidence interval), HR (hazard ratio), MACE (major adverse cardiac event). MACE model adjustddhrfison
Comorbidity hdex and GRACHKGIlobal Registry for Acute Coronary Eventssk score. Hospitalization model adjusted for sex,
education, exercise participation eent, estimated glomerular filtration rate less than 60 mL/ min/1%3and Charlson
Comorbidity Index



Supplemental Material

SupplementalFigure 1. Consortof Accelerometer Device Return
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Supplemental Table 1.Characteristicof participants included vs. excluded from the primary
analytic samplevho consented to participate in the ancillary physical activity study.

Included Excluded P-Value
Participant Characteristics (n=323) (n=297)
Sociodemographgc
Age (yrs) 62.9 (10.9) 63.7(12.2) 0.40
Male (%) 68.7 62.6 0.11
Black Race (%) 20.0 24.6 0.17
Hispanic Ethnicity (%) 39.3 34.7 0.23
Education O High Sc 45.2 52.86 0.06
Partner/Spouse (%) 57.9 54.7 0.43
Medicaid (%) 32.6 32.4 0.96
Hospitalization
Acute CoronarysyndromeType 0.76
Unstable Angina (%) 53.6 54.2
NSTEMI (%) 31.3 32.7
STEMI (%) 15.2 13.1
Length of Hospital Stay > 4 days (%) 31.3 42.4 <0.01
Percutaneous Coronary Intervention (%) 79.3 77.4 0.58
Coronary Artery Bypass Graft Surgery (%) 8.4 11.8 0.16
Physical & Psychosocial
Exercise Participation P#&CS event (%) 46.7 41.8 0.17
Cardiac Rehabilitation Pe#tCS event (%) 12.7 11.8 0.73
Current Smoker (%) 13.3 16.5 0.27
Body Mass Index (kg/R) 29.0 (5.5) 29.2 (5.8) 0.68
Left Ventricular Ejection Fraction < 40% (% 14.9 12.5 0.38
Hypertension (%) 77.4 81.1 0.25
Dyslipidemia (%) 63.2 61.6 0.69
eGFR < 60 mL/min/1.73 A(%) 225 235 0.78
CVD History (%) 33.7 33.8 0.50
Charlson Comorbidity Index 1.6 (1.6) 1.6 (1.7) 0.76
GRACE Risk Score 89.2(28.7) 925(31.3) 0.16
Depression (%) 34.4 31.3 0.42
Physial HealthRelatedQuality of Life 39.0(10.7) 37.6(11.3) 0.11
Mental HealthRelatedQuality of Life 53.4 (10.8) 54.1(10.5) 0.39

Values presented as mean (SD) or %. CVD (cardiovascular disease), eGFR (estimated glomerular
filtration rate), GRACE (Global Registry for Acute Coronary Evelt8ISTEMI (nonrST segment
elevation myocardial infarction), STEMI (ST segment elevation myocardial infarction).
“Depression= Beck Depression Inventory score > 10.
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SupplementalTable 2. Unadjustecandadjustechazardratiosand95% ClI for MACE associated
with meansedentaryimein threeseparatsensitivityanalyseglassifyingsedentaryime: 1) using
a 200 countper minutethreshold(UpperPanel);2) whenrestrictingweartime from 8amto 8pm
(Middle Panel);and3) whenrestrictingfor valid weartime on O 3lays/weeloverthe 28 daypost
discchargeeriod(Lower Panel)

Unadjusted Model Adjusted Model

Variables HR (95% ClI) P-Value HR (95% CI) P-Value
Sensitivity Analysis #1

Sedentary Time (mins/day) 1.09 (0.9371 1.28) 0.31 0.96 (0.801 1.16) 0.70
Sensitivity Analysis #2

Sedentary Time (mins/day) 1.09 (0.887 1.34) 0.45 0.98 (0.777 1.24) 0.87
Sensitivity Analysis #3

Sedentary Time (mins/day) 1.19 (0.957 1.49) 0.13 1.08 (0.8371 1.39) 0.58

Notes:Cl (confidenceanterval),HR (hazardratio), MACE (majoradversecardiacevent).Models
adjustedfor CharlsonComorbidity Index and GRACE (Global Registry for Acute Coronary
Eventg risk score.

"Number of events=40; n=323

ANumber of events=17; n=172
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Supplemental Table 3. Unadjustedand adjustedhazardratios and 95% CI for hospitalizations
associatedvith meansedentarytime in threeseparatesensitivity analyseslassifyingsedentary
time: 1) usinga 200countperminutethresholdUpperPanel);2) whenrestrictingweartime from
8amto 8pm (Middle Panel);and3) whenrestrictingfor valid weartime on O 3lays/weeloverthe
28 daypostdischargegperiod(Lower Panel)

Unadjusted Model Adjusted Model

Variables HR (95% CI) P-Value HR (95% CI) P-Value
Sensitivity Analysis #1

Sedentary Time (mins/day) 1.11  (1.02i 1.21) 0.02 1.05  (0.96i 1.15) 0.27
Sensitivity Analysis #2

Sedentary Time (mins/day) 1.05 (0.9471 1.18) 0.36 1.00 (0.891 1.13) 0.95
Sensitivity Analysis #3

Sedentary Time (mins/day) 1.07 (0.9471 1.21) 0.31 1.02 (0.917 1.16) 0.72

Notes: Cl(confidence interval), HR (hazard ratio).olfels adjusted for sex, education, exercise
participation preevent, estimated glomerulaitfation rate less than 60 mL/ min/1.73,nand
Charlson Comorbidity Index.

"Number of events=142; n=316

ANumber of eventss0; n=166
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CHAPTER V

Conclusion

The goal ofthis dissertation seriesas toprovide a foundatiof empirical evidencéo
describesedentary behavior and its associations with cardiovascular disease (CVD) biomarkers
and outcomes, and to explore the potential that redsedgntarypehaviormay be asecondary
prevention targefor Acute Coronary SyndromeACS) survivors Accordingly,three separate
crosssectional studies were conducted that focused)a@ndothelial dysfunction as a potential
underlying mechanism that links sedentary behavi@\u® mechanisms2) the characterization
of sedentary behavior in ACS survivors during finst month postospital dischargeand 3)
sedentary behavias a prognostic risk factor for increased risk-gear health outcomes &ACS
survivors.Study one found that frdeving, habitual sedentarlyehaviorwas not associated with
markers ofenddhelial function, includingendothelialdependent vasodilatipmirculating levels
of endothelial microparticlesand circulating levels afndothelial progenitor cellsn a cohort of
healthy adultsStudy two revealed thaACS patients, as a group, engddgn high volumes of
accelerometemeasured sedentary time, with patients exhibiting either gradual or rapid reductions
in sedentary behavior over the first month paisthargeStudy three demonstrated tisetlentary
time over the first month postosptal discharge, on average, was not significantly associated with
increased risk of -year recurrent major adverse cardiovascular events or recurrent
hospitalizations. Collectively, this dissertation series on sedentary behavior and CVD provides
empirical eidence that 1) habitual sedentary behavior is not associated with endothelial
dysfunctionin young adults?2) ACS survivors engage in high volumes of sedentary behawittr,
threeidentified patternsof either gradual or rapid reductions in sedentarnabemduring the first
month posthospital dischargeind 3) sedentary time during the first month gastpital discharge

may not beassociated with -year health outcomes in ACS survivors. Overall, these findings
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suggest thasedentary behavior is preeak in ACS survivors, albefuture work is needed to

unveil whethesedentary behavior may be a viable secondary prevention target for ACS survivors.
Several limitations should be taken into consideration when interpreting the results of the

current disertation series. First, study one included a sample of young, healthy, and active adults,

wherein detectableendothelial dysfunction osubclinical atherosclerosisnay not have been

present. Second, study oparticipantsaccumulated, on averadagh levels ofMVPA (i.e.,64.5

+ 28.0 min/dayf MVPA), which may have moderated the adverse effects of sedentary behavior

(Ekelund et al., 2016)or instance, a met@nalysis demonstrated thiie association between

daily sedentary ehavior andall-cause mortality was considerably reduced at higher levels of

physical activity, while eliminated iadultswho were most activie.g., 6675 min/day of MVPA)

Moreover, lgh levels of physical activity may elicit protective effects agasiting-induced

endotheliadydunction, agegular exercise training is antiatherogef@zostak & Laurant, 2011)

and reduces oxidative stress through upregulation of antioxidants, such as superoxide dismutase

(Fukai et al., 2000; Miyazaki et al., 2001; Ross, MalonE|d&ida-James, 2016 hird, study two

and threeincluded a sample of ACS survivors that received care from a major tertiary care

academic medical center, wherein standards of carebmayore comprehensive amallow

current clinical recommendationslative to other hospital profilda the United States (e.gnjinor

teachingcommunity federal government, etc.Jherefore, resultBom study two and thremay

not be generalizable to the overall ACS populatemeiving carén the United State€onsicering

existing limitations, future work is warranted to expand the applicability and breadth of the

preliminary evidence presented in the current dissertation series.
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Significance

Secondary prevention essential tahe management of care for ACS suors, wherein
successiveardiovascular morbidity and mortality can be reduced by a comprehensive approach
to positivelymo di fy pat i e ifAmstédrdam et alk 201ty Sonithi et ab,2013)rong
evidence eists on the cardiovascular protective effestsmulated by physical activity in
secondary prevention, such as reducing the impact of disease, slowing its predressg CVD
risk factors,and preventing recurren¢@lves et al., 2016)However,little is known about the
adverse effectglicited by sedentary behavi@mong ACS survivorsOther studies in general
populations and in other clinical populations suggest that targeting sedentary behavior may be
anothemodifiablerisk factorthat may attenuate risks in AGRrvivors This may be particularly
importantto target,becausdew patients meaetecommendegbhysical activitytargetsor attend
cardiac rehabilitationThe studies included in thidissertation seriefdll this important ga in the
literature by exploring the mechanismstternsand correlates addedentary behavior in relation
to CVDrisks, aswell as uncovering whether sedentary behavior is linked to health outcomes in
ACS survivors As such, he findingsfrom this dissetation seriesmpart meaningful insight

because they:

1) suggest that physiologicainechanisms other than endothelial dysfunction (e.g.,
glucose and lipid metabolism) may need to be explored as a potaritidetween
habitual prolonged sedentary time andCii youngeradults

2) established that high volumes of sedentary behavior were prevalent in ACS survivors
as theyrecover and resume daily activitieser the first montHollowing hospital

discharge
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3) suggestthat greater disease severity, lower physicaltiequality of life, and not
having apartner may be importafdctors affecting sedentary behavyior

4) provided empirical evidence thasedentary behavior during the first month after
hospitalizationmight not be a prognostic risk factor of-§ear CVD outcames and

hospitalizations in ACS survivors.

Overall, the findingsunveiled fromthis dissertation provide @reliminaryfoundation for
understanding the implications of sedentary behaviompasgeatialsecondary prevention target in
ACS survivors Although our findings suggest that sedentary behavior may not be a secondary
prevention target fareducing CVD risks ifACS survivors, future research in larger prospective

cohorts is needed to confiramd extendhe findings of this dissertation series.

Futur e Directions

1 Future work is needed to elicit the underlyibmlogical mechanisms through which
habitual sedentary behavior confers CVD risk.
Rationale: Understanding the biological mechanisms that underlie the associations
betweersedentary behavi@ndadverse health outcomiasthe general population and in
people with CVDis necessary taleterminethe causal nature of these relationships.
Identifying thepathways that link sedentary behavior to C¥&n informprimary and
secondary prevention strategien how to mitigat€VD risk. Based orexisting evidence
in the general adult populatipfuture studies should explomapaired glucose regulation
anddydipidemiaaspotential pathwayshereinhabitual sedentary behavior.

1 Future studies are needed tacitlate why ACS patients exhibit high levels of sedentary
time posthospitaldischarge, especially among those that show minimal reduciigers

time.
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Rationale: Most ACS survivors in this dissertation exhibited high volumes of sedentary
behavior throughat the first month postlischargebut the reasons for this are unknown.
Therefore, itdéds essential to undeischdargend wh
period, and to allow for identification of ways that prolonged sedentary time may be
redwed.

Future studiesising prospective cohorts withrgersample sizes are needed to determine
whether sedentary behavior during #aly recovery period and longer periods of tise

an independentrisk factor that may be modifiedor secondary preventioin ACS
survivors

Rationale: Evidence on the prospective associations between sedentary behavior and
health outcomes in ACS survivors is limited, as this dissertation is the first to report on
these associations. However, the current study includedlbssmmgple size and low event

rate. More research on the prognostic utility of sedentary behatvi@rious time points
postdischarge period can help confirmhether sedentary behavior is an important

secondary prevention target for ACS survivors.
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APPENDIX A
Literature Review

Acute Coronary Syndrome
Epidemiology

Acute coronary syndrome (ACS), characterized by unstable angina (UAJ TRelevation
myocardial infardon (NSTEMI), and STelevation myocardial infarction (STEMI), is among the
top causes of death in the modern, industrialized wéudter & Kovacic, 2014) More than 1.1
million patients are hospitalized annyailbr ACS in the United States alo(fdozaffarian et al.,
2015) Most patients hospitalized with an ACS survive, however they remain at high risk for
recurrent cardiac events and mortalifiyenzin, Wygant, Hauch, Jackel, & Friedman, 2008)
highlighting the neetb optimize secondary prevention strategies to increase survival and reduce
recurrent events among ACS survivors.

ACS presentation usually occurs in the sixth decade of life, with a median ACS
presentation age of 68 years (interquartile range: 8) ard a 3:2 malgo-female ratio in the
United StategAmsterdam et al., 2014; BaWdanuel, Ifedili, Reed, Ibebuogu, & Khouzam, 2017;
Mozaffarian et al., 2015}t is estimated that more than 780,000 persons will estpegian ACS
each year in the United States, with approximately tfoaghs of these patients presenting with
NSTEMI (Amsterdam et al., 2014; Mozaffarian et al., 20I3spite improvements in acute care,
21% of ACS survivors will be rdnospitalized and ~1 in 5 will die within 1 year pbstspitalization
(Menzin et al., 2008)Approximately $8 billion is spent annually on the care and management of
ACS in the United States, with approximately $22,500 to $32,400 spent on one ACS patient over
the course of a yegHedayati, Yadav, & Khanagavi, 2018; Xiao, 2017)he high economic

burden is primarily due to the cost othiespitalizations and prolonged length of hospital stays.
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Given its high prevalence, morbidity, mortality, and economic burden, AGBssdered the most
serious among the coronary artery diseases to address from a public health perspective.
Etiology and Pathophysiology

Among the ACS categories, UA and NSTEMI are similar conditions that occur when there is
subtotal occlusion of the vedswhile STEMI occurs when there is complete occlusion of the
vessel leading to myocardial injury and necr@kiedayati et al., 2018; Wright et al., 201UA
and NSTEMI are strongly connected conditions with ilsim pathogenesis and clinical
presentations, but the conditions differ in graynsterdam et al., 2014; Hedayati et al., 2018)
such that UA does not result in detectable quantities of myocardial injury biersatike.,
troponin), while NSTEMI does present such biomarkbtszaffarian et al., 2015; Wright et al.,
2011) As such, the recent American College of Cardiology/American Heart Association
guidelines constitute & and NSTEMI as NSTEACS (Amsterdam et al., 2014yvhich accounts
for approximately twethirds of all hospital admissions for ACS in the United States each year.

The development of ACS can be attributed to numeffagtors, such as genetics,
environment, psychosocial stressors, obesity, cardiometabolic diseases, smoking and physical
inactivity (Bob-Manuel et al., 2017; Crea & Liuzzo, 2013he underlying pathology of ACS is
the sudden mismatch between myocardial oxygen consumption and demand, which is commonly
caused by coronary artery obstruction due to the rupture and thrombosis of an atherosclerotic
plaque in the coronary arterigdmsterdam et al., 2014; Hedayati et al., 2018; Wright et al., 2011)

In 1985, M.J. Davies was the first to propose that plaque rupture (also referred to as fissure) was
the link between atherosclerosis and thrombosis. In 1994, Liuzzo and colleagueshaund
patients with ACS and high levels ofReactive Protein had a worse outcome than patients with

normal levels of CRP, suggesting that plague inflammation was responsible for plaque fissure.
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More recently, a handful of review articles have been puddist elucidate different pathological
pathways to ACS. After reviewing postmortem and/ivo studies using intravascular imaging,
Crea & Libby published a review in 2017 suggesting 4 pathological pathways to ACS: plaque
rupture with systemic inflammatiof macr ophage rich |l esi ons, Ar
inflammation), plaque rupture without systemic inflammation (low systemic inflammation),
plaque erosion (no fissure/rupture, dAwhiteo t|I
(epicardial or ngrovascular spasm). Other causes of ACS exist, such as coronary embolism and
coronary arteritis; noncoronary causes of myocardial oxygen sdepihand mismatch (i.e.
hypotension, severe anemia, etc.); andischemic myocardial injurgAmsterdam et al., 2014)
Superficial erosion of the intima can also precipitate ACS, but this mechanism has a less clear
relationship with inflammation (Libby et al., 2014, Wright et al., 2011). The most common
pathophysiology leadg to ACS (i.e., 6@80% of cases) is coronary artery obstruction via plaque
rupture, which will be the primary pathophysiological pathway discussed in this response.
Endothelial dysfunction and arterial inflammation are the primary components in the
pathayenesis of ACS, as they each contribute to the atherogenic process (i.e., atherosclerotic
lesions, plaque formation and ruptu(@msterdam et al., 2014; Hedayati et al., 2018; Wright et
al., 2011) Atherosclerosiis a maladaptive, neresolving chronic inflammatory disease in which
plaque forms and accumulates within the arterial walls from as early as childhood. Atherosclerotic
plaques primarily form at sites of low endothelial shear stress, such as the carteraag Bob-
Manuel et al., 2017; R. Ross, 1998hereas regions of high endothelial shear stress are generally
protected. Atherosclerotic I esions andnmlaque
a buildup of oxidized lowdensity lipoprotein (LDL) cholesterol in the tunic intima, which causes

injury to the endothelium and underlying smooth muéieleRoss, 1993)I'he accrual of oxidized

107



LDL elicits the expression of adhesion molecules and growth factors from snrmologin@othelial
cells, which eventually triggers an inflammatory cascade towards plaque instability and rupture.
Impairments in endothelial function precede the development of atherosclerosis and

contributes to the configuration, progression and advensglications of atherosclerotic plaque
(Barac, Campia, & Panza, 2007; R. Ross, 19®3)dothelial cells form a singleell lining
covering the internal walls of blood vessels throughout the entire vascular sgistehknown as
the endotheliunfAlberts et al., 2002; Della Corte et al., 2016he endothelium is recognized as
the key regulator of vascular wall homeostasis due to its critical role in preserving vascular tone,
vascular permeability to plasma elements, platelet arkbtgte adhesion and aggregation, and
thrombosis(Alberts et al., 2002; Barac et al., 2007; Poredos & Jezovnik, 2E&®)othelial
dysfunction is a pathophysiological condition characterized by a dysregulaticomafoktatic
mechanisms necessary to maintain healthy endothelium. Endothelial dysfunction is associated
with abnormal modulation of vascular tone, platelet activation, leukocyte adherence, increased
oxidative stress, and vascular inflammation; each of witeh lead to the migration and
proliferation of smooth cells and lipicbntaining macrophages called foam cells (Barac et al.
2007, Della Corte et al., 2016). Eventually, the lesions of atherosclerosis will enlarge, and trigger
continued activation of ant@l inflammation. Thus, endothelial dysfunction seems to be a systemic
vascular process that not only facilitates the development of the atherosclerotic plaque, but may
modulate its clinical course as well.

Arterial inflammation is the most common ungerg molecular and cellular
pathophysiology of disturbed atherosclerotic plag@&ight et al., 2011) Distinct features of
atherosclerotic plagues that predispose to ACS indcutten fibrous cap, a large assoemt of

macrophages, a big lipid (necrotic) core, spotty calcificationexpdnsive remodeling (Falk &
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Virmani). Both innate and adaptive immunity play a key role in the formation and rupture of these
vulnerableplaques(Crea & Liuzzo, 2013; Libby, 2001; Libby, Tabas, Fredman, & Fisher, 2014)
Regarding innate immunity, macrophages likely pave the way for the rupture of the fibrous cap of
the plaque, as well as contributes to the necrotic core of the plaque. SEmcey when
macrophages are activated, they release enzymes (i.e., matrix metalloproteinases and cathepins)
that degrade all components of the arterial extracellular matrix (Crea & Libby, 2017). When
macrophages undergo apoptosis, they can lead to plaegmsis by defective phagocytic
clearance of the apoptotic cells or primary necrfldensson, Libby, & Tabas, 2019 oreover,

mast cells infiltrate the advanced atherosclerotic plaque and, when activatea eeleast of
mediators and enzymes (i.e., histamine, serotonin, etc.), cytokines and a set or serine proteases, all
of which exacerbates the inflammation in the atherosclerotic lesion. Adaptive immunity also plays
a role in coronary plague instability, $uthat subsets of T lymphocytes (major participants in
adaptive immunity) can either promote local plaque formation (effector T cells) or suppress
inflammation (regulatory T cells). Ultimately, the effector: regulatorgell balance promotes
progressivénflammation(Hansson et al., 2015} his inflammatory milieu can lead to the loss of
mechanical stability, primarily due to the diminished tensile strength of the collagen cap
surrounding the plaque, and ultimatéad to plaque ruptur€rea & Liuzzo, 2013; Hansson et

al., 2015; Libby, 2001; Libby et al., 2014 owever, it should be noted that inflammation may not
drive all transition from stable atherosclerosis to attutambotic events, such that coronary artery
thrombosis caused by plaque rupture can occur with or without concomitant inflammation (Crea
& Libby, 2017). Plaque rupture that occurs in the absence of systemic inflammation may be a
result of psychologicalteess or extreme emotional disturbance. Another possibility is that

cholesterol crystals (created when macrophage foam cells die) may activate local innate immune
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pathways within the atherosclerotic plaque. More research is needed to clarify the molecular
mechanisms leading to coronary instability in ACS patients without systemic inflammation.

When the fibrous cap of the plaque cannot withstand the mechanical force of blood
pressure, superficial fissures are formed in the cap. Upon rupture, componkeathadmbogenic
necrotic core (i.e., phospholipids, tissue factor and matrix molecules) are exposed to the blood,
activating platelet receptors and coagulation factors that ultimately lead to the formation of a
thrombus (Badimon & Vilahur, 2014; SanteSallego, Picatoste, & Badimon, 2014)he
thrombus expands rapidly and can fill the lumen within minutes, resulting in an abrupt coronary
artery obstruction and sudden mismatch between myocardial oxygen consumgtibenzand.

The thrombus may occlude the artery at the site of plaque rupture or detach from the site of plaque
rupture as an embolus and occlude the arteri:;
differentiate the degree of occlusion in STEMI vs. ESACS, such that occlusion is complete

and prolonged in STEMI and transient and partial in N&IES.

The precipitation of the thrombotic event is likely due to the imbalance between
prothrombotic and fibrinolytic activity on the plaque surface, as waha$luid phase of blood.
Rudolf Virchow was the first to recognize that thrombi precipitate on damaged vascular surfaces.
Innate immunity plays a vital role in thrombosis, such that proinflammatory cytokines are stored
in the alphagranules of plateletsnd favor formation of thrombus on the atheroma plaque, as well
as induce endothelial cell apoptosis. In response to inflammation, both the solid state of plaque
and fluid phase of blood unite to promote thrombus accumulation by increased thrombogenicity,
decreased antioagulant properties, and impaired fibrinolytic activity, Howevbe detailed
series of events that operate in vivo has yet to be elucidated (Hansson et al., 2015).

Signs & Symptoms
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Early detection of symptoms of ACS and risk strattima is important, such that
expedited and accurate diagnosis is essential to reduce the high mortality and morbidity associated
with ACS. Symptoms of ACS can be categori ze
symptoms more prevalent in women, oldedul ts (O 75 vyears of age)
mellitus, impaired renal function, and demerflansterdam et al., 2014; Hedayati et al., 2018;

Wright et al., 2011)Typical symptoms include presstigge chespain that usually occurs at rest

or with minimal exertion persisting for at least ten min@feasterdam et al., 2014; Wright et al.,

2011) Pain or discomfort typically starts in the substernal location andadéate to the neck, jaw
epigastrium or ar ms, often described as fisque
A h e a(Megayati et al., 2018)Atypical symptoms include pleuritic pain, abdominal discomfort,

pain that radiates into the lower extremities, among others. Other atypical signs and symptoms
with or without chest ga include dyspnea, indigestion, syncope, diaphoresis, and unexplained
fatigue(Amsterdam et al., 2014; Hedayati et al., 2018)Once a pati ent ds symp
to be representative of ACS, a clincal histgiyysical examination, electrocardiogram (ECG) and
biomarkers of myocardial necrosis must be evaluated for proper risk stratification and diagnosis
(Amsterdam et al., 2014; Wright et al., 2011)

Treatment & Management Recommendations

Standard of care for patients that present with ACS include supplemental oxygen,
antianginal, antiplatelet, and anticoagulation therapy; which are further managed with either an
earlyinvasive strategy or ischermguided strategyAmsterdam et al., 2014; Bddanuel et al.,

2017) If therapy is ineffective, percutaneous coronary intervention (PCI) or coronary artery
bypass grafting (CABG) may be performed, with the latter resulting in a |dwagmtal stay

(Amsterdam et al., 2014After patients have been sufficiently treated in an inpatient setting, they
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are discharged and provided with secondary prevention strategies to reduce symptoms, re
hospitaliation and mortalitfAmsterdam et al., 2014)

CurrentpostACS treatment includes lortigrm medical therapy and secondary prevention
strategieqWright et al., 2011)Longterm medical therapy is beyond the scope of the current
review but can be found in the ACC/AHA Guideline for the Management of Patients with Non
ST-Elevation Acute Coronary Syndrom@smsterdam et al., 2014 urrent ACC/AHA Class |
secondary prevention strategies include cardiac rehabilitation (CR) and physical activity (PA) for
patients with a recent ACS evdHtronish, Diaz, Goldsmith, Moise, & Schwartz, 2017; Wright et
al., 2011) Outpatient CR services are delivered to patients within the first 3 to 6 months after a
cardiovascular evenfThomas et al.,, 2007)A primary goal of outpatient CR programs is to
develop and assist ACS survivors implement a saleeffective formal exercise and lifestyle PA
program(American College of Sports, Riebe, Ehrman, Liguori, & Magal, 2018)

Benefits of Habitual Physical Activity & Exercise for ACS Survivors

Increasig levels of habitual PA is an important goal for CR programs, such that regular
PA has been linked with a decreased severity of ACS, redudeakspital mortality rates, and
improved shorterm prognosi¢Pitsavos kal., 2008) Regular PA can improve exercise capacity,
reduce physical and depressive symptoms of ACS, enhance functional capacity, aid in weight loss
and maintenance, and help improve risk factors such as hypertension, hyperlipidemia and glucose
metaboism (Thompson et al., 2003YUnderlying mechanisms in which PA confers its benefits are
throughfavorable adaptations in the vasculature, systemic oxidative stress and inflammation, and
morphological adaptations tfe Left and Right ventricle which can improve cardiac output and
exercise capacit{Lavie et al., 2015; Xiao, 201;7¢ach of which target the pathophysiology of

ACS.
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When addressing t he rthneto adteithasPA @rid eXerise aret 6 s
different. PA is considered any bodily movement generated by skeletal muscle contraction that
leads to a rise in caloric requirements greater than resting energy expei@hgpersen, Powell,

& Christenson, 1985)xercise, on the other hand, is a type of PA involving planned, structured
and repetitive bodily movement performed with the goal to mainta or | mpr ove one?o
fithess(Caspersen et al., 1985CS survivors can benefit from both PA and exercise, but most
health benefits are elicited thugh chronic exercise training; hence the benefits seen with exercise
based CR progranm{gnderson et al., 2016)For instanceincreases of 10% to 60% in functional
capacity and decreases of 10% to 25% in myodaodiggen requirements have been observed
after 12 weeks of exercidmsed CR pogtospitalizationWilliams, 2001; Williams et al., 2002)
Additionally, chronic aerobic exercise training can improve endotheliattfon, ventricular
function and attenuate ventricular remodelidao, 2017) Despite the welestablished and
overwhelming benefits of exercibmased CR, patient compliance within the programs is
challenging due to logistical and monitoring abilities such as age, gender, socioeconomic status,
travel distance and other comorbidit{€orra et al., 2010)Thus, there is a need to identify novel
modifiable risk factors for intervention to increase survival and reduce recurrent events among
ACS patients, one of which may be sedentary behavior.

Sedentary Behavior

Technological advancements in transportation, camoation, the workplace and
domestieentertainment have cultivated occupational, home and social environments that oblige
or promote sedentary behavi@rownson, Boehmer, & Luke, 2005; Owen, 2Q18% a result,
time spent in sedentary behavior has continued to increase and physical activity levels have

continued to decline over the past 50 years in the United $hge® Popkin, 2012)U.S. adults
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now spend an alarming 9 to 10 hours per day in sedentary behavior, including sitting, TV viewing,
screen time, and computer 8rnstan, Howard, Healy, & Owen, 201R)Joreover, population

based studies demonstratetttieat average U.S. adult spends more than half of his or her day in
sedentary behaviors (i.e.,818 % of adul tsdé tot al wa(unstam, hour s
Howard, et al.,, 2012; Owen, Sparling, Healy, Dunst& Matthews, 2010)Accordingly, the
expresstonng is the new smokingd has been <co
sedentary behavior within industrialized nations (Yeager S., 2016, Sturt & Nordstrom, 2016,
Gerstacker D., 2016).

Sedentarybehavior(e.g., watching TV, computer use, etdhps emerged as a distinct
cardiovascular disease (CVD) risk factor that may carry clinical relevance beyond how much one
exerciseqRoger et al., 2011; World Healthrganization, 2009)Accumulating evidence from
populationbased studies indicate that sedentary behavior is associated with CVD morbidity and
mortality, and CVD risk factors, such as insulin resistafwgémot et al., 2012) Notably, the
deleterious effects of sedentary behavior are eliminated only by high levels of nmdderate
vigorous physial activity (MVPA) (=60 to 75 min/d), which exceed physical activity
recommendations. This raises the question as to whether reducing sedentary behavior may
represent another therapeutic target for secondary prevention and rehabilitation of ACS survivors,
in addition to existing MVPA recommendations. The following sections will review critical
aspects necessary to understand the public health significance of sedentary behavior, as well as the
physiological responses of sedentary behavior that confer casdigar disease risk.

Sedentary Behavior Characterization
When deciding how to address the problem o

a standardized definition of sedentary behavior, which can improve besteBncomparisons
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and distinat o n bet ween sedentary behavior and phys
originates fr om ftosit highlighting theoimportance of gositerdoe postude

when defining sedentary behaviors. As such, sedentary behaviors are Hegfootd their posture

and their low energy expenditu(Bunstan, Howard, et al., 2012)\ccording to the Sedentary

Behavior Research Network, sedentary behavior is defined as any waking behavior with an energy
expenditure less than or equal to 1.5 times the resting metabolic rate whilt#imgasreclining
posturg(Chastin et al., 2016; Gibbs, Hergenroeder, Katzmarzyk, Lee, & Jakicic, 8&d®ntary

behavior includes activities such as sitting, watching TV, computer use, reading, driving, among
other activitiedEndorsed by The Obesity et al., 2018) contrast, pysical inactivity represents

the | ack of meeting the physical @nadératetd ty gu
vigorousintensity physical activityicarber et al., 2011Yhis differentiation is impoaint because

current strategies exist to reduce physical inactivity via physical activity promotion, while a dearth

of sedentary reduction strategiashealth and wellness programs exist. Although the appropriate
definition of sedentary behavior should &egplied when developing methods for accelerometry
processing, itéds i mportant to note that defin
2012. Thus, there is a wide range of assessment and analysis of sedentary behavior in the existing
sedentey behavior literature.

In order to measure the exposure to sedentary behaviors in epidemiological studies, one
must decide which aspect of sedentary behavior is needed, such as total sedentary time, episodes
of sedentary time, or a specific domain eflentary behavior (e.g., work, transport, leisure, etc.).
Accurate measurement is necessary to characterize patterns of, as well as changes in, sedentary
behavior within and between individuals overtime. Accordingly, assessment methods that can

reliably ard accurately measure the frequency, duration, and volume of the sedentary behavior
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exposure while abating bias should be selected. Additionally, researchers should make efforts to
minimize the potential for bias due to measurement errors, whether systédiféerential) or
random (nordifferential) in nature.

Sedentary Behavior Measurement

Numerous studies have measured sedentary behavior utilizing different assessment tools
and methodology. Among these assessment toolguastionnaire and surveysdf-recorded
diaries, pedometers, actometers, accelerometers, and inclino(@ekenset al., 2012) Prior to
the development of microelectronic technologies (i.e., accelerometers), most epidemiological
studies inthe United States relied on subjective methods (i.e., questionnaires and surveys) to
measure estimates of time spent in sedentary behaviors. However, subjective methods used to
measure sedentary behavior provides a narrow scope of overall levels ofsedefmavior
accumulated in a typical waking day (Matthews et al., 2008). Moreoverepelft methods are
prone to systematic errors through an incorrect classification of sedentary behaviors from a scoring
perspective or inability of participants to acately recall and estimate their sedentary time.

Given the errors accompanied with selport methods, the ideal measure of sedentary
time would encompass the following: 1) accurate and reliable measurements across different
population groups; 2) clasgiamong sleep, reclining, sitting and standing; 3) differentiate among
distinct domains and specific behaviors; 4) entail minimal cost and low participant burden; 5)
ability to be worn continuously for extended periods of time; 6) produce data that paovicked
in reattime that are easily analyzed and interprétéelly, Clark, et al., 2011As such, a mix of
subjective and objects measurements of sedentary behavior are essential to understand sedentary
behavior epidemiologyAtkin et al., 2012) Thus, below is a brief overview of subjective and

objective methods of sedentary behavior measurement.
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Subjective Methods of Sedentary Behavior Measurement

Subjective measurements of sedentary behavior conventionally include questionnaires to
provide a slf-reported description of sedentary behaviors and to quantify the total time spent in
sedentary behaviors as categorized by posture and energy expefhigiweorth, Riviere, &
FlorezPregonero, 2018)Subjective methods include sedfport questionnaires, proxgport
guestionnairesdiaries and ecologial momentary assessment (EMAAmong the available
subjective methods, the most commonly reported method used is questionnaires, the majority of
which are seladministered and contain items that primarily focus on TV viewing and other
screenrbased behawors (e.g., computer uséflark et al., 2009)A narrative review by Atkin and
colleagues (2012) demonstrated that subjective methods demonstrate moderate reliability and
slight to moderate validit with questionnaires being the most popular metmechusef their
low cost and ease of use. Global questionnaires (i.e., sh8rit¢ins] population health surveys)
and quantitative recall questionnaires (e.g., Sedentary Behavior Questionnaire [88Jlay
Sedentary Time Questionnaire [SQF7d]) are the two types of questionnaires employed in
sedentary behavior research and are often tailored for use by settings (e.g., population and
intervention studies) and by the types of information obtafeegl, impressions of sedentary
behavior or time spent in specific sedentary behavigigsworth et al., 2018)Generally, global
guestionnaires aim to categorize an individual
guestionnaires intend to capture the frequency, duration, mode and types of sedentary behaviors.
Regadless of type, questionnaires vary in their mode of administration (e.eadeeihistered vs.
intervieweradministered), content (e.g., domain, recall frame, frequency, duration, and

interruption), and psychometric properties (evglidity, reliability and responsivenessach of

117



which should be taken into consideration when deciding which questionnaire should be employed
for a specific study design and objectiyaskin et al., 2012; Healy, Clark, et al., 2011)
Objective Methods of Sedentary Behavior Measurement

The insights into how most adults spend their day in sedentary time, as well as the
proportion of their overall waking hours spent in sedentary time, can be attributed to the
advancements in migelectronic technologies. Microelectronic technologies include the
pedometer, accelerometers, and inclinometers, which have enabled objective (i.e-hasxi)e
methods of sedentary behavior measurenf@msworth et al., 2018) Among the evolved
microelectronic technologies, the accelerometer has become widely used in pojbas¢idn
studies due to its ability to objectively derive time spent in sedentary;, ligioiderate and
vigorousintensity physical activity behaviof#ealy, Clark, et al., 2011) Accelerometersire
small, lightweight, batterpperated devices that are commonly worn on the hiprist with an
elastic belt and are either uniaxial (i.e., detect movement in the vertical planeaxialtiii.e.,
detect movement in the vertical and horizontal planes). These electronic motion sensor devices
measure the frequency and amplitude of the acceleratidheobody segment to which the
accelerometer is attached and corthénd&dassett,i s i n
2005) Accordingly, accelerometer cutpoints have been proposed for defining sedentary time in
adults, with <100 cpm being the most common cutpoint employed when usiAgtiGeaphE
(ActiGraphLLC, Pensacola, FL, USA) and Acti€al activity monitor (MiniMitter, Bend, OR,
USA) (Atkin et al., 2012orn on the hip. However, thctiGrapte andAct i cal E accel er
cannot distinguish betweenfdf er e nt postures (e.g. sitting,
ability to adhere to the consensus sedentary behavior definition, which includes both intensity of

activity (01.5 METS) an®* Newsrimbdel®aithgctiGrapfE i ng or
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(GT3X and GT3X+) include an inclinometer func
distinguish between postures, albeit validity of this function is lin{idklin et al., 2012)

The activPAIE (V.3, PAL Technologies, Glasgow, UK is a thighworn triaxial
accelerometer and inclinometer that has been validated for determining step pbysical
activity, activity intensities posture (sittingying, standing or steppingand sedentary time in
healthy adult{Godfrey, Culhane, & Lyons, 2007; Grant, Ryan, Tigbe, & Granat, 2006; Hart,
McClain, & TudorLocke, 2011; Kozexeadle, Libertine, Lyden, Staudenyea, & Freedson,
2011; Lyden, Keadle, Staudenmayer, & Freedson, 2017; Lyden, Kozey Keadle, Staudenmayer, &
Freedson, 2012; Ryan, Grant, Tigbe, & Granat, 2004} device is widely considered tlyeld-
standardneasure of sedentary behavior becauseeitist r e mel y accur ate ( 096 %
only devices capable of distinguishing motionless standing from sedentary time, thus aliswing
to adhere to the consensus sedentary behavior definition, which includes both intensity of activity
( O1. 5 MBdsiion (sitingdor reclining{Gibbs et al., 2015Ho we v e r , itds 1 mp
note that the activPAE has not been uséd populationbased studies.

The GENEACtVE is a small (36 mm x 30 mm x 12 mm), lightweight (16 g), waterproof
wrist-worn device that contains a nelandy temperature sensor to determine wear anemeam
time. It has a storage capacity of 45 dayss#rapling frequency of 10 Hz that permits capture of
frequent changes in activity. The GENEAG@&ivdevice has shown to be valid and reliable for
objectively measuring sedentary time and physical activity, as asellstinguishing between
sedentary (sittingéclining) and norsedentary posture (standin@sliger et al., 2011; Pavey,
Gomersall, Clark, & Brown, 2016; Rowlands et al., 2014; Rowlands et al., 2016; H. Zhang, Chin,
Ang, Guan, & Wang, 2011)The GENEACt\E est i mat es a personods p

gravitational component of the acceleration signal from the wrist orientation of the monitor based
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on the Euclidian norm minus one (ENMO) meth@wn Hees et al., 2013Bimilar to the
activPALE , the GENEACctE has yet to be used as an objective method to measure sedentary
time in populatiorbased studies.

Among the available devidgased measures of sedentary time available for use in
epidemiological research, tietiGrapHe is the most widely used accelerometer for adults and
older adults to dat@Healy, Clark, et al., 2011; Heesch, Hill, Aguiaarias, van Uffelen, & Pavey,

2018) In a small validation studipy Matthews and colleags (2008) the ActiGrapHe (<100
counts/minute) and the Intelligent Device for Energy Expenditure and Activity (IDEEt#&)ted

similar amounts of time spent in sedentary behayi®8m®3 + 1.90 hours/day vs. 8.53 + 1.86
hours/day, respectively [p = 0.828nd correlations between theeasures were moderately high

(1 =0.59, p < 0.01; unpublished observatiofi§) Zhang, Werner, Sun, Sunye, & Boozer,

2003) When compared to the activPBL recorded sedentary time was lower for the
ActiGraptE activity monitor (mear{SD]=8.7[1.6] hour/day vs. 9.0 [1.8] hours/day), but the
correlation between the meas JU.HewevewBlandAltman at i v e
analysis revealed a small mean difference and wide 95% limits of agreement, suggesting that
ActiGraptE can substantially overand undefestimate sedentary time compared with the
activPALE . Overall, vhen interpreting betweestudyd i f f er ences i n sedent a
important to take into consideration the devioeation of device (e.g., hip vs. wris§edentary

count threshold, and nemear threshold duration used in each study, as these factors have been
reported to influece classification of sedentary tirfteozey-Keadle et al., 2011; Oliver, Badland,
Schofield, & Shepherd, 2011; Paul, Kramer, Moshfegh, Baer, & Rumpler,.2007)

Sedentary Behavior Epidemiology
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Sedentary behavior pelemiology is the populatielevel study of the distribution,
determinants, and adverse health effects of sedentary behaviors, which can help guide future
research efforts and intervention development. The current review of literature will focus on the
salentary behavior epidemiology in the United States, as the participants for each dissertation
study resided in the United Stat@sior to the development of microelectronic technologies (i.e.,
accelerometers), most epidemiological studies in the UnitateStelied on subjective methods
(i.e., questionnaires and surveys) to measure estimates of time spent in sedentary behaviors.
However, subjective methods used to measure sedentary behavior provides a narrow scope of
overall levels of sedentary behaviacamulated in a typical waking day (Matthews et al., 2008).
Moreover, seHreport methods are prone to systematic errors through an incorrect classification of
sedentary behaviors from a scoring perspective or inability of participants to accuratelgrécall
estimate their sedentary time. Thus, the current review will focus on epidemiological studies that
employed accelerometéerived measurements of sedentary behavior. However, it should not be
ignored that selfeported measures of sedentary behavierimportant to capture important
domain and behaviospecific sedentary time information in populatis&sed studies, which have
gravely contributed to our understating of sedentary behavior epidemiology (see previous section).
The descriptive epidemialy of sedentary time in the U.S. as measured byrsptirt can be
found in a review by Healy and coll eagues (201
in PopulatiorB a s e d SHealy Clazks et al., 2011)

Matthews and colleagues (2008) were the first to describe the objeatiasure of the
amount of time spent in overall sedentary behaviors in the United States, by gender, age, and
racial/ethnic group. These authors evaluated participants (n=6,392) from th2@BDBlational

Health and Nutrition Examination Survey (NHANESead O 6 vy e arActiGrapi®d wor e
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accelerometer for at least 10 hours/day on their right hip for 7 consecutivéMittsews et al.,

2008) Sedentary behavior was classified as the amount of time accumulated b@0d
counts/minute during periods when the monitor was worn and expressed as a proportion of
monitorwearing time (percent) and as total duration (hours/day). Time spent in overall sedentary
behaviors reflects the accumulation of time spent sittingnieglor lying down across different
sedentary behavior domains, such as at home, school, in transit and during leisure time. Findings
demonstrated that participants spent 54.9% of their monitored time (i.e., 7.7 hours/day) in
sedentary behaviors, withtheo st sedentary groups being ol der
years. In regard to gender, females were found to be more sedentary than males before the age of
30 years, with the reverse of this pattern observed after the age of 60 years. Regaadliettnic

group, MexicarAmerican adults exhibited sedentary levels that were significantly less than other
U.S. adults, while White and Black females demonstrated similar levels of sedentary behaviors
after the age of 12 years.

Building off the initial findings from Mathews et al., Owens and colleagues wrote a
commentary on sedentary behavior as a new health risk due to its omnipresence and high volume
in developed nation@®wen et al., 2010)n this commentary, the authors reported on the 2003 to
2004 and 2005 to 2006 NHANES accelerometry data and showed the differences in time spent in
light activity and exercise across quartitfssedentary tim€Centers for Disease Control and
Prevention20092010) These data demonstrated that the lowest and highastle of sedentary
time was 6.3 and 10.2 hours/day, respectively, with most of the variance in sedentary time
attributed to the change in lighttensity activity. They also reported that 1 in 4 white U.S. adults

spend approximately 70% of their wakihgurs sitting, 30% in light activities, and little or no
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time in exercise. However, these analyses only focused on the total time spent sedentary (i.e.,
volume), while overlooking how sedentary time is accumulated throughout a waking day.

In 2008, Healyand colleagues pioneered, as well as provided evidence, for the concept that
breaks (interruptions) in sedentary is important for metabolic health, highlighting the need to
evaluate both the total volume and the pattern in which sedentary time is adcedmulas
Obreaks6é hypothesis was first explored among
Obesity and Lifestyle Study (AusDiab) study, which demonstrated that adults whose sedentary
time was accumulated in prolonged, uninterrupted periodsahaoorer cardiometabolic health
profile compared to those who frequently interrupted their sedentary time. Similarly, findings from
the 2003 to 2004 and 2005 to 2006 populatepresentative U.S. National Health and Nutrition
Examination Survey (NHANESXktudy found that total sedentary time was detrimentally
associated with insulin, betzll function (HOMA%B), and insulin sensitivity (HOMA&AS),
while breaks in sedentary time were beneficially associated with fasting plasma glucose levels
(Healy, Matthews, Dnstan, Winkler, & Owen, 2011As such, studies in the past 10 years have
begun to assess both total volume and patterns of sedentary behavior to elucidate how sedentary
time is accumulated in the real world and whether sedentary patterns are relekiaattfo

Shiroma and colleagues (2013) were the first to report on the sedentary behavior patterns
among a | arge cohort of women from the Women¢
included an observational ancillary study (221113) to assess phgal activity using
accelerometers (i.eActiGraptE GT3X+, ActiGraph Corp) among a cohort of healthy women
throughout the United States (n=7,247; age (meantSD)=71.4+5.8 yr). Sedentary behavior was
defined using a <100 count per minute (cpm) cut point. $tudy reported that women spent

65.5+9.0% of their wear time in sedentary behavior, equivalent to mean + SD of 9.7 + 1.5
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hours/day, in which most sedentary time (~71%) was accumulated in shorter bouts lasting less
than 30 minutes. This study provided imgamt information about the sedentary behavior patterns
among a large sample of older women, suggesting that women spend a large proportion of their
(~2/3) waking time in sedentary behavior, most of which was accumulated in shorter bout
durations (i.e., 80 mins). Findings from this study are limited, however, because the data are
restricted to middleor olderaged women who are primarily white and of higher socioeconomic
status.

Recently, Diaz and colleagues (2016) characterized patterns of sedeht@vipbin a U.S.
national cohort of middleand olderaged adults (n=8,096; age (%)=88 yr (4.7), 5564 yr (25.1),
6574 yr (41.8), 075 yr (28.4); Mal e (%) = 45.
Racial Differences in Stroke (REGARDS) studypopulatiorbased study of black and white
adul t s O 4-Baygceetermrsetry waseconelucted via align ActicaE (Mini Mitter
Respironincs, Inc., Bend, OR) accelerometer to collect objective measurements of sedentary
behavior and physical aeity from May 2009 to January 2013. Sedentary behavior was defined
using a <50 cpm cut point. This study found that adults from the REGARDS sample spent on
average over 11 hours of the waking day in sedentary behavior, almost half of which was
accumulated n pr ol onged, uni nterrupted sedentary
factors were identified as significant correlates of the observed patterns of prolonged sedentary
behavior, including older age, male sex, residence in-strake belt/buckle agion,
overweightness/obesity, winter season, and lower amounts MVPA. The proportion of total
sedentary time accumulated in prolonged, uninterrupted bouts in the REGARDS sample are

considerably higher than that r e pdyFdriaestance,mo n g

sedentary bouts 020, 030, and O60 minutes ac

124

c

\



time in the REGARDS sample, but only accounted for 44%, 31%, and 11% of total sedentary time

in the Womendés Heal t h thEREGARDS sampletmfemalbseomly (laeks t r i ¢
females: 59%, 47%, and 27%; white females: 58%, 46%, and 24%). Discrepancies in findings
from the REGARDS and Womenés Health Study ma
characteristics (e.g., age, occupatiate/ethnicity, socioeconomic status, etc.) and differences in
accelerometer protocol/processing (e.g., device, sedentary count threshold, aweanon
threshold duration). More research is needed to understand the proportion of sedentary behavior
accumilated in prolonged, uninterrupted bouts among U.S. adults.

Given that ACS presentation wusually occurs
understand prevalence of sedentary behavior in older adults. Harvey and colleagues (2013)
conducted a sysmatic review on the prevalence of sedentary behavior objectively measured in,
or subjectively r epor t e(darveyChastin, &Skaltona2613)his s age
review assessed 23 reports of prevalence of sedentaayibe in older adults sourced from 7
countries by selfeported sitting (number of surveys=9), TV viewing (n=10), computer use and
screen time (n=3), as well as by accelerometry (n=1). This study found that approximately 60% of
older adults seilfeportedsitting for more than 4 hours per day and over 54% reported watching
more than 3 hours of TV and 65% sit in front of a screen for over 3 hours. Accelerdaréted
sedentary behavior revealed that 67% of the older population were sedentary for m@&®& than
hours per day. Findings from this study demonstrated that, whether measurements are subjective
or objective, most older adults are sedentary. However, only one study (n=649) evaluated
sedentary time via accelerometry, highlighting the need to emplag stodies evaluating
objectively measured sedentary behavior in older adults before generalizing findings to the general

population.
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Harvey and colleagues (2015) conducted another systematic literature review to synthesize
the existing evidence on amowftsedentary behavior reported by and measured in older adults.
The review included largscale population studies/surveys reporting the amount of sedentary
behavior (objective/subjective) in older adul:
studies) published between 1981 and 2014. Results indicated that older adults spent an average of
9.4 hours per day in accelerometierived sedentary behavior, accounting for86886 of their
waking day. Similar to their previous review, sedported seentary behavior was lower, with
average weighted seléports being 5.3 hours per day. The findings from this review are similar
to that of Harvey et al. (2013) in the fact that estimated sedentary behavior time froapsgilf
was substantially lower &m that derived from objective methods (i.e., accelerometry), suggesting
that most selfeport surveys vastly underestimate the actual time older adults spend in sedentary
behavior. Given the discrepancies between subjective and objective methodologies of
measurement, future studies should employ objective methods to accurately capture sedentary
behavior in older adults.

In an effort to understand the prevalence of sedentary behavior among adults with
established cardiovascular disease, Evenson and guodied2014) described the prevalence of
selfreported and acceleromet@easured sedentary behavior among U.S. adults with CVD
(n=680; Male (%) = range 53.3%6.4%; norHispanic Whites (%)= 80.9986.1%), including
angina (mean age = 69.6 yr), coronary hd@ease (CHD, mean age=70.2 yr), congestive heart
failure (CHF, mean age=69.3 yr), and myocardial infarction (MIl, mean age=69.9 yr), from the
20032006 NHANES study. A group without CVD (n=1,000) with similar age, gender, and
race/ethnic distributions akose with CVD was chosen as the referent to compare sedentary

behavior estimates. Sekported pasinonth daily duration of scredime exposure to television,
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video and computer use that were unrelated to work was used to assess sedentary bethavior via
NHANES physical activity questionnaire. Objective measurements of sedentary behavior were
measured by -day accelerometry via a higorn ActiGraph device ActiGraph model 7164;
ActiGraph LLC; Fort Walton Beach, FL Sedentary behavior was defined usmg O1 00 ¢ p m
cutpoint. This study found that among those with CVD, the proportion of individuals engaged in
selitr eported television watching O4 hours/day r
accelerometederived sedentary behavior ranged from 9.6rkfay (angina) to 10.1 hours/day
(CHF). Additionally, all four CVD groups had higher television watching and sedentary behavior
values when compared to the referent group, with CHF patients exhibiting lower PA and higher
sedentary behavior compared that CVD groups. Importantly, sedentary behavior was higher
for MI participants 25 years §p=0.003), 610 yearsg=0 . 0 8) , an d=008) flohh year ¢
diagnosis compared to those within 1 year of diagnosis. This study highlighted the high prevalence
of sedentary behaviors in vulnerable populations at risk for a recurrent CVD event, which provided
a foundation for thanotion that increased and targeted efforts are needed to reduce sedentary
behavior for secondary prevention of CVD. Given the limited descriptive epidemiology of
sedentary behavior among CVD populations, the current dissertation series will further texeplore
patterns of sedentary behavior among ACS survivors post hospitalization.
Sedentary Behavior and Cardiovascular Morbidity and Mortality
Overview

Sedentary behavior has been estimated to cause 30% of the global cardiovascular disease
burden and is thiourth leading cause for mortality worldwidRoger et al., 2011; World Health
Organization, 2009)The dangers of high volumes of sitting were first emphasized when Morris

et al. (1953) identified a twofold increain the risk of myocardial infarction in London bus drivers
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compared with active bus conductors. Since then, evidence from popdlated studies has

linked prolonged sedentary behavior to increased risk for cardiovascular disease, type 2 diabetes,
ostkoporosis, breast and colon cancer andallse mortality, highlighting the negative impact of

too much sedentary t i mebeiogiBiswas et aln2015j Chastihetalh e al t
2016; Endorsed byhe Obesity et al., 2016; Wilmot et al., 201R)oreover, recent evidence

suggests that both total daily sedentary time and how often sedentary time is interrupted are
important aspects to consider when looking at cardiovascular health outcomes amauyksS.

of different ages and racial/ethnic backgrou(@gz, Goldsmith, et al., 2017; Diaz et al., 2016;

Diaz, Howard, et al., 2017)

Data from over 240,000 adults in a national level study showed that spendi&ghano 7
hours/day in sedentary behavior was associated witifodd 2greater risk of cardiovascular
mortality, even among persons who engaged in more than 7 hourefvaekerateto vigorous
intensity physical activityMatthews et al., 201285hockingly, approximately 60 to 75 mins per
day of moderateo vigorousintensity physical activity is needed to mitigate the deleteradfects
of prolonged sedentary behavior, which exceeds the current physical activity gui(iekekemd
et al., 2016; Services, 2008)s a result, prolonged sedentary behavior is now thought to represent
a unique aspect ralfphysacal activitydprofle adduisro dosger @wonsdered
simply to be the extreme low end of the physical activity contin(iDiaz et al., 2016; Diaz,
Howard, et al.,, 2017; Dunstan, Howard, et al., 201&gcordingly, physical activity
recommendations from the American College of Sports Medicine and World Health Organization
have expanded beyond promoting exercise and now also advocate for reductions in sedentary time
(Garker et al., 2011; Organization, 2010hus, targeting a reduction in sedentary time, in addition

to physical activity promotion, s needed to i mprove the nationds
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Meta-Analyses

Over the past decade, a total of 9 rratalyses haveden conducted to estimate the
potential impact of sedentary behavior on specific health outcomes, such as diabetes, CVD and
mortality. Of these metanalyses, 7 have determined the association of sedentary time with risk
of Type 2 Diabetes (T2D), CVD, arm/CVD mortality (Grontved et al., 2011, Wilmot et al.,
2012, Ford et al., 2012, Biswas et al., 2015, Pandey et al., 2016, Patterson et al., 2018, Ekelund et
al., 2018), while the remainder only evaluated the association between sedentary time and all
cau® mortality (Chau et al., 2013, Sun et al., 2015, Ekelund et al., 2016). Moreover, few meta
analyses have examined the dosgponse associations to reveal whether there is an evident
increase in risk of incident disease or mortality at a specific leuvleosedentary time continuum.
Given the interest of understanding sedentary behavior as a potential seguesiangion
strategy in ACS patients, the current review will focus primarily on findings from-ametlyses
that explored the associations betwsedentary time and outcomes relevant for CVD morbidity
and mortality.

Grontved and Hu (2011) conducted a rretalysis of all prospective cohort studies from
1970 to March 2011 to determine the association between TV viewing time and risk of T2D and
fatal or nonfatal CVD. Eight relevant studies were identified by researchers that met the following
criteria: published in the English language, had a prospective design (cohowtplage and
nested caseontrol), a study population that was healthy a&dtiae, and had estimates of relative
risk (RR) or odds ration with 95% confidence intervals (CIs) or reported data to calculates these
outcomes. Of these studies, 4 reported results on T2D (N=175,938; incident cases= 6,248 during
1.1. million persoryearsto follow-up) and 4 reported on fatal or nonfatal CVD (N=34,253,

incident cases=1052 with no indication of pergears at risk). Results indicated that greater TV
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viewing time was associated with a higher risk of T2D (pooled RR, 1.20 [95%Ci1 R T}ger

2 hours of TV viewing timep<0.001) and an increased risk of fatal or nonfatal CVD (RR, 1.15
[95% CI, 1.061.23] per 2 hours of TV viewing per days0.001), with a linear dosesponse
relationship observed for both. Based on incidence rates in B¢ iUwas estimated that the
absolute difference (cases per 100,000 individuals per year) per 2 hours of TV viewing per day
was 176 and 38 for T2D and fatal CVD, respectively. However, this-ametiysis is limited in

the small number of studies included, well as the evidence to suggest that TV viewing is not a
good representation of total sedentary time, especially i &agiyama, Healy, Dunstan, Salmon,

& Owen, 2008)

Wilmot and colleagues (2012) conducted a systematic review andamadisis to
examine the association of sedentary time with T2D, CVD, and CVD mortality. Eighteen studies
(2 crosssectional, 16 prospective)anre included, with 794,577 participants, that met the following
criteria crosss ect i on al and prospective design, repor
selfreported or objective measurement of sedentary time, report data on a relevant health outcome
(diabetes, CVD, CVD mortality). RR or hazard ratio (HR), and 95%d8mparing the highest
level of sedentary behavior with the lowest were extracted for each study. Results demonstrated
that the greatest sedentary time compared with the lowest was associated with a 112% increase in
the RR of diabetes (RR 2.12; 95% crédilmterval [Crl] 1.61, 2.78), a 147% increase in the RR
of CVD (RR 2.47; 95% CI 1.44, 2.24), and a 90% increase in the risk of CVD mortality (HR 1.90;
95% Crl 1.36, 2.66). The Bayesian predictive effect and interval were only significant for diabetes,
denonstrating that the association between sedentary time and diabetes is stronger and more
consistent than for CVD outcomes. This was the first raptdysis to systematically quantify the

strength of the association between sedentary behavior (as opp@%eddwing only) and health
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outcomes, demonstrating a strong association between sedentary time and adverse health
outcomes. However, this meaaalysis, as well as that of Grontved and Hu (2011), relied solely

on selfreported measures of sedentary ba&rawhich is likely to have poor validifClark et al.,

2009) highlighting the need to utilize objective measures of sedentary behavior (e.g.,
accelerometers, inclinometers, etc.) in futuredgsgpulatiorbased studies.

Ford and colleagues (2012) examined the associations betweeepseteéd screen time
and sitting time and fatal and ndatal CVD. Twelve relevant studies were included that met the
following criteria: prospective design, m@p incidence or mortality from CVD as an outcome,
report data on adults 018 years of age, and s|
sitting). Metaanalyses of the dogesponse relationships for screen time or sitting time were
conductedThis study found that compared with the lowest levels of sedentary time, risk estimated
ranged up to 2.25 for the highest level of screen time and 1.68 for the highest level of sitting time,
even after adjusting for physical activity. For six studies t@asured screen time and CVD, the
summary HR per 2 hour increase was 1.17 (95% CI-1.2@), while the summary HR per 2 hour
increase of sitting time was 1.05 (95% CI: 21009), albeit this summary HR was based on two
studies of sitting time. Limitains of the current study include the limited number of prospective
studies examining the link between various forms of sedentary behavior and risks of fatal or
nonfatal CVD, as well as the sedported assessment of sedentary time.

Biswas and colleague015) quantified the association between sedentary time and
hospitalizations, CVD incidence and mortality, and T2D incidence in adults independent of
physical activity. Fortyfour studies (prospective, cressctional and cassontrol study designs)
were included that provided statistical effects relevant to the-aretlyses on CVD incidence and

mortalities (551,366 participants) and T2D incidence (26,700 participants), while only one study
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examined the association between sedentary time and hospdabzall included studies were
primary research studies that assessed sedentary behavior in adult participants as a clear predictor
variable, independent of physical activity and correlated to at least 1 health outcome. Studies that
assessed the effeat$ varying physical activity intensities were included, as long as they also
correlated a measure of sedentary behavior wi
overall sedentary or sitting time (hours per week or hours per day) and odds ftrasioR, and
HRs with associated 95% Cls were collected from studies for each outcome, if available.
Significant HR associations were found with CVD mortality (HR, 1.150 [CI, 1.090 to 1.410]),
CVD incidence (HR, 1.143 [C] 1.002 to 1.729]), and T2D (HR1Q.[CI, 1.642 to 2.222]). These
findings demonstrated that sedentary time (assessed as either daily overall sedentary time, sitting
time, TV or screen time, or leisure time spent sitting) was independently associated with a greater
risk for CVD incidencer mortality and T2D in adults, even after statistical adjustment for physical
activity. Moreover, this study found that HRs associated with sedentary time and outcomes were
generally more prominent at lower levels of physical activity than at highesléveaitrength of
this study is the exclusive focus on studies that adjusted for physical activity, which enhanced that
precision in the estimated independent effect sizes of associations between sedentary time and
outcomes. However, limitations existediire noticeable heterogeneity in research design and the
assessment of sedentary time and physical activity, with all but 1 study usegbeeiéd methods
to measure patterns of sedentary behavior and physical activity.

Ekelund and colleagues (2016) exaed the associations of sedentary behavior and
physical activity with CVD mortality as a secondary analysis. Sixteen studies were included in the
metaanalysis, with nine studies including data on the associations between sedentary time (daily

sitting or TV viewing time) and physical activity with CVD mortality (n=849.108, number of
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deaths=24,481). Data on exposure variables were harmonized based on predefined criteria and
categorized into four groups for sedentary behaviors (0 to < 4 hour/day, 4 to rstdbgu638
hour/day, and > 8 hour/day) and quartiles for physical activity (Quartile 1: 2 -hddefweek; 5
min/day of MVPA,; Quartile 2: 16 ME-hour/week; 2835 min/day of MVPA; Quartile 3: 30
MET-hour/week; 5865 min/day of MVPA; Quartile 4: 35.3 MEMour/week; 6075 min/day of
MVPA). Compared to those in the lowest sedentary/most active group (i.e., < 4 hour/day and
highest quartile of physical activity), CVD mortality rates were7a3o higher in the two lowest
guartiles of physical activity. Howeveratlly sitting was not associated with increased CVD
mortality in the most active quartile of physical activity (HR [95% CI]= 1.07 [0.96, 1.20]). The
findings from this study demonstrated that across sitting time categorieaua# mortality was
consideraly reduced at higher levels of physical activity, while eliminated in those who were most
active. These findings are in conflict with the findings of those from Biswas and colleagues (2015),
however Biswas and colleagues did not directly compare thegfiatts of different, specified
levels of physical activity and sitting time, to investigate the different amounts of sitting time and
physical activity in relation to CVD mortality.

Pandey and colleagues (2016) determined the categorical and quanttseresponse
association between sedentary time and CVD risk. Nine relevant prospective cohort studies with
720, 425 unique participants (Male (%) = 24.9; mean age=54.5 yrs) and 25,769 unique
cardiovascular events and a median follow up of 11 yearsindwaled that met the following
criteria: had a prospective cohort design that reported the association between baseline sedentary
time and the risk for CVD incidence (i.e., coronary artery disease, nonfatal myocardial infarction,

stroke, and CWelated nortality) after adjusting for physical activity among adults participants

(i .e.., 018 vyears of age at baseline). Medi an
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category was estimated and assigned a corresponding HR for each study. Categorical and
continuous doseesponse analysis was performed in the current study, with total sedentary time
as the exposure variable and incident atherosclerotic CVD as the primary outcome of interest. The
median durations of the pooled highest, intermediate, and |®@@dshtary time categories were
2.5 (interquatrtile range[IR]: 1-:8.9), 7.5 (IR; 6.67.6), and 12.5 (IR:9:43.8) hours, respectively.
Categorical analyses revealed that, compared with the lowest sedentary time category, participants
in the highest sedenmtatime category had an increased risk for CVD (HR, 1.14, 95% CI; 1.09
1.19), albeit no apparent risk associated with intermediate levels of sedentary time were detected.
Continuous analyses demonstrated a nonlinear association between sedentary Sraedeéy€D
risk (p for nonlinearity < 0.001), with increased risk observed only at a sedentary duration greater
than 10 hours per day (pooled HR, 1.08; 95% CI,-1.0@). The nonlinear association between
total sedentary time and CVD risk detected by Parated colleagues differs from the linear
association between TV time and CVD risk observed by Grontved and Hu (2012), which may be
attributed to differences in the measures of sedentary behavior and pooled HRs for CVD events
used in each study. Similarather metaanalyses, the current study is limited by the measurement
errors in selreported sedentary time and variability in the scale of sitting time across studies.
Patterson et al. (2018) estimated the strength and shape of theslosese relatitship
between sedentary behavior and CVD mortality and incident type 2 diabetes, adjusted for physical
activity.  Thirty-four prospective studies with 1,331,468 unique participants that reported
associations between total daily sedentary time or TV viewingme and O one outco
were included, yielding a total of 8 exposincome combinations. Findings revealed a nonlinear
relationship between total sedentary behavior and CVD mortality (RR per 1 hour/day: 1.01 (0.99

1.02) O 6 h03104)d éhour/day), aftet adjusting for physical activity. Stronger
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nonlinear physical activitadjusted associations were detected for TV viewing (hour/day) and
CVD mortality (1.02 (0.99. . 04) O 4  h olulR)/>d hoyr/day)l Sighicatihehr. 0 5
associations were detected between total sedentary behavior and T2D (1.41qL)pand TV
viewing and T2D (1.09 (1.01.12)). These results indicate that total sitting and TV viewing time
are associated with greater risk for CVD mortality argD, independent of PA. For CVD
mortality, is appears that a threshold of 6 hour/day of total sitting and 4 hour/day of TV viewing
exists, suggesting that exceeding these thresholds can increase risk.

Ekelund and colleagues (2018) conducted the mosttrevetaanalysis, which examined
whether the associations between sedentary behaviors and mortality from CVD differ by different
levels of physical activity. Nine prospective cohort studies (n=850,060 participants, median
follow-up=10.2 years; deaths=250j&nd five studies with data on Twewing time (n=458,127;
median followup=8.5 years; deaths=12,230) were included, as they provided individual level data
on both sedentary behaviors and effect estimated for CVD. Data on exposure variables were
harmonizd based on predefined criteria and categorized into four groups for sedentary behaviors
(O to < 4 hour/day, 4 to <6 hours/day8our/day, and > 8 hour/day) and quartiles for physical
activity (Quartile 1: 2.5 Mehour/week; 5 min/day of MVPA; Quartix 16 MET-hour/week; 25
35 min/day of MVPA,; Quartile 3: 30 MERour/week; 5865 min/day of MVPA; Quartile 4: 35.3
MET-hour/week; 6675 min/day of MVPA). The association between sitting time and mortality
were separately examined for each of the quartilgshgsical activity. Results indicated that a
doseresponse association between sitting time-@%% higher risk; p for trend <0.001) and TV
time (3%59% higher risk; p for trend < 0.001) with CVD mortality was detected in the lowest
guartile of physical eivity, while associations were less consistent in the second and third

quartiles of physical activity. Furthermore, there was no increased risk for CVD mortality with
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increasing sedentary behaviors in the highest (i.e., most active) quartile. The althisrstudy
concluded that physical activity modifies the associations between sedentary behaviors and CVD
mortality. However, it cannot be ignored that the top quartile, wherein no association between
sedentary behavior and CVD mortality was detectadtly exceeds the current physical activity
recommendations (i.e., 60b min/day of MVPA vs. 21.4 min/day). Given the dearth of U.S. adults
t hat meet the current physical activity recom
that individuals wil obtain the volume of MVPA detected in this matzalysis necessary to offset
the deleterious consequences of sedentary behavior.

The existing metanalyses have greatly increased the awareness of the adverse effects of
sedentary behavior on CViorbidity and mortality. Biswas and colleagues (2015) were the first
to take into account physical activity when examining the associations between total sedentary
time and CVD outcomes, which became standard in the methods of subsequematysies (i.e
Pandey et alRatterson et gland Ekelund et gl. However, it should be noted that a majority of
the studies included in these mataalyses assessed sedentary behavior by questionnaire, with few
studies (i .e., O 3) u\s measyre sedeatary ehavidnedgeated t o o
limitation noted by the metanalyses is the limited data on objectively measured sedentary time
levels. Thus, the next section will review existing literature on the associations between objectively
measured sedarly behavior and CVD specific mortality and morbidity.
Original Research: AccelerometerMeasured Sedentary Behavior and CVD Morbidity and
Mortality

To date, only 2 populatiehased studies have reported on the association between
accelerometemeasurededentary time and mortality, including U.S. adults from NHANES and

REGARDS. Findings from accelerometigrived sedentary time and-ahuse mortality from
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NHANES have been reported in several separate analgsesson, Wen, & Herring, 2016;
Koster et al., 2012; Loprinzi & Sng, 2016; Matthews et al., 2016; Schmid, Ricci, & Leitzmann,
2015) with only one study reporting on the associations of accelerorastgssed physical
activity and sedentary behavior with Cbortality among U.S. adultd&venson et al., 2016)
Furthermore, only one study from REGARDS evaluated the association between accelerometer
derived sedentary behavior (both its total volume and accrual in prolongmterrupted bouts)
and altcause mortality, but did not look at CVD mortal{yiaz, Howard, et al., 2017)

Evenson et al. (2016) explored the associations between physical activity and sedentary
behavior withCVD mortality among a cohort of U.S. adults (n=3,809; average falipw6.7
years, CVD deaths=107; mean age=55.3 years; Male (%)=45.4) from th QUBINHANES
study. MVPA ( O7 6 @59 cpm))and sddénfark behati@ §<100 cpm) were
measured wh a hipworn ActiGraphaccelerometer for 7 consecutive days. Sedentary behavior
was expressed as tot al volume (min/day), sede
minutes falling below <100 cpm), and percent of the day spent in sedentariobé¥g\and split
into quartiles for analyses. Participants were included in the analysis if they wore the accelerometer
for O8 hours on O3 days. CVD mortality was d:i
International Classification of Disea4@ 100-199 and no adults had congenital heart defects as
their primary cause of death from the National Death Index provided by the National Center for
Health Statistics, which recorded deaths through December 31,2011. This study found that the
associations ofedentary time or percent of day spent in sedentary time with CVD mortality was
not sustained after adjusting for LIPA and MVPA, as well as potential mediators (e.g., age, gender,
race/ethnicity, etc.) (Highest quartile vs. lowest quartile of sedentagy HHR (95% Cl)= 1.46

(0.72, 2.93); p=0.55; Highest quartile vs. lowest quartile of percent of day in sedentary time: HR
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(95% CI)=1.14 (0.42, 3.06); p=0.22). Interestingly, when compared with persons from the lowest
guartile, those in the second quartifesedentary bouts had lower risks of CVD mortality in the

fully adjusted model (adjusted HR [95% CI]=0.46 [@200]), albeit this association disappeared
when those with CVD were included in the analyses. Authors of this study concluded that no
consistenassociations between accelerometesessed sedentary behavior (average time, bouts,

or percent of day) and CVD mortality were observed, which may be attributed to inherent study
limitations (e.g., short follovup time, imperfect LIPA and MVPA cutpointand inability of
accelerometer to detect postures, potentially misclassifying standing as sedentary behavior). Thus,
future research is needed to understand the association betwetrometemeasured sedentary

time and CVD mortality.

Moreover, limied data are available describing the effects of sedentary time on CVD
morbidity, such as chronic myocardial injury. Harrington and colleagues (2017) evaluated the
association betweeaccelerometemeasured sedentary time and markers of chronic subclinical
myocardial injury (i.e., higtsensitivity assays for cardiac troponinaimd |) among individuals
from the Dallas Heart Study, a longitudinal, mueithnic populatiorbased probability sample of
Dallas County residents. Sedentary time (<100 cpm) and MVR30G-cpm) were assessed using
a wristwork ActicalE (Phillips Respironics, Bend OR) device for 7 days. Using thawed frozen
samples high-sensitivity assays for cardiac troponin T andidre measured with appropriate
assays. This study found that sedentang was strongly and inversely correlated with MVPA,
and moderately correlated withrdiac troponin T and. [However, multivariable linear regression
analyses revealed that associations between sedentary time arwhiolidic troponin T and |
remained gnificant after adjusting for select covariates and MVPA. These findings suggest that

the association between increased sedentary time and chronic myocardial injury may be
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independent of relevant confounders and M\(Plarrington et al., 2017Moreover, Kulinski and
colleagues (2016) investigated with association between accelerometer measured sedentary
behavior and coronary artery calcium (CAC), a measure of subclinical atherosclerosis, using data
from the DallasHeart Study (n=2,031 with wvalid accele
mean agexSD= 50+10 years; Male (%)= 38). Sedentary time and MVPA were assessed and
classified the same as previously described. After multivariable adjustment of traditional €VD ris
factors, socioeconomic factors, and MVPA, each additional hour of sedentary time was
significantly associated with a 12% higher odds of having subclinical atherosclerosis in
participants without known CVD (OR [95% Cl]=1.12 [1:023]; p=0.017). Additimal studies
evaluating the adverse effects of sedentary behavior on cardiometabolic health outcomes are
described in sections below.
Proposed Physiological Pathways that Link Sedentary Behavior to Cardiovascular Disease
Although strong evidence exists tapport the SEBCVD link, the underlying mechanisms of
this deleterious relationship have yet to be fully elucidated. Understanding the biological
mechanisms that underlie the associations between prolonged sitting and adverse health outcomes
is necessaryot identify the exact causal nature of these relationships. Based on the sedentary
behavior research to date, the strongest evidence exists for impaired glucose regulation,
hyperlipidemia and endothelial dysfunction as potential pathways that link sedesitaryior to
CVD.

Impaired Glucose Regulation

Impaired glucose regulation is an important cardiovascular risk factor, such that chronic
hyperglycemia can lead to type 2 diabetes and CVD. Regular ingestion afdhigie meals rich

in processed carbohsates can lead to transient exacerbated postprandial spikes in glucose, which
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can promote an inflammatory milieu conducive for the development of atherosclerosis and CVD
(Ceriello et al., 2008; O'Keefe & Bell, 2007)he main cellular mechanism responsible for
reducing postprandial blood glucose levels and regulating whole body glucose homeostasis is
insulin-stimulated transport of glucose from the blood into skeletal mibttlang & Czech,

2007) The principle glucose transporter protein that facilitates this uptake is GLUT4, which
resides within the cytoplasm of adipose and skeletal musdseicghe form of vesicles. When
stimulated, GLUT4 will translocate to the cell surface and allows passive diffusion of glucose
molecules into the cell. GLUT4 can be stimulated by both insulin via insulin receptor signaling
and skeletal muscle contractiomhich is independent of insulin. GLUT4 recruitment to the cell
surface of muscle and adipose cells can be stimulated by both insulin and skeletal muscle
contraction.

Regarding skeletal muscle contraction, studies have shown that increased skeletal muscle
contraction via lightand moderaténtensity physical activity can reduce postprandial glucose and
insulin levels(Bailey & Locke, 2015; Benatti & Rietlarsen, 2015; Dunstan, Kingwell, et al.,
2012) In contrast,decreased skeletal muscle contractile activity reduces the translocation of
GLUT4 to the cell surface, which impairs clearance of postprandial glu@shter &
Hargreaves, 2013)his link was mitially proposed from a series of rodent studies conducted by
Booth and colleagugBooth, Chakravarthy, Gordon, & Spangenburg, 200B)ese researchers
used wheel lock models, which involved restricting habitoialvoluntary activity to cage
movement only for up to 7 days. These studies found that a rapid decrease irstinmsuiliated
glucose transport was reported within 2 days of wheel lock and reduced qtntp & Booth,

2005) This reduction in insulistimulated glucose transport was linked to reduced activation of

the insulinsignaling pathway and reduced GLUT4 protein eant Moreover, fewer skeletal
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muscle contractions may result in lower insulin sensitivity and less ghstioselated insulin
secretion due to impairments of pancreatic {oeth function, both which negatively impact
glucose regulatiofHealy, Matthews, et al., 20113ince prologed sedentary behavior promotes
muscle inactivity, these animal studies provide a foundation to reveal a molecular pathway that
may link sedentary behavior to CVD. Therefore, it has been proposed that prolonged sedentary
behavior confers CVD risk, in pathrough impaired glucose regulation.

In addition to animal studies, populatibased, observational studies provided a
foundation to support impaired glucose regulation as a pathway that contributes to the sedentary
behaviorCVD link. Initial findings fom the 2004 to 2005 Australian Diabetes, Obesity and
Lifestyle Study (AusDiab) reported that accelerometer derived sedentary time was adversely
associated with blood glucose levels, even when accounting for Maly, Dunstan, et al.,

2008; Healy, Wijndaele, et al., 2008Jealy and colleagues (2008) showed that adults from the
AusDiab study whose sedentary time was accumulated in prolonged, uninterrupted periods had a
poorer cardiometabolic health profile compmhte those who frequently interrupted their sedentary
time. These findings pioneered the concept that both the total volume and the pattern in which
sedentary time is accumulated is important for metabolic health. Findings from the 2003 to 2004
and 2005 to2006 populatiosrepresentative U.S. National Health and Nutrition Examination
Survey (NHANES) study found that total sedentary time was detrimentally associated with insulin,
betacell function (HOMA%B), and insulin sensitivity (HOM&4S), while breaks isedentary

time were beneficially associated with fasting plasma glucose |@delsly, Matthews, et al.,

2011) These findings complement and build upon those from the AusDiab study, albeit NHANES
comprised a much larger (n=4,757 vs. n=169) and more racially/ethnic diverse ipop&Ratent

findings from the 2008 to 2011 Hispanic Community Health Study/Study of Latinos (HCHS/SOL)
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showed thataccelerometemeasured sedentary time accumulated in prolonged, uninterrupted
bouts was detrimentally associated with glycemic biomarkegepiaddent of MVPA, albeit not
independent of total sedentary tirfigiaz, Goldsmith, et al., 2017These findings suggest that

total sedentary time and prolonged, uninterrupted sedentary bouts are jointly asseitated
poorer glucose regulation among US Hispanic/Latino adults. Together, these epidemiological
studies, among others not mentioned here, provide a foundation for experimental studies to further
explore the deleterious consequences of prolonged sedimiaryhich can provide confirmation

and insight of mechanisms underlying the SEWD link.

Over the past decade, numerous prospective experimental studies designed to evaluate the
shortterm effects of breaking up prolonged sitting with physical actiatgl/or standing on the
cardiometabolic profile have been publish@8enatti & RiedLarsen, 2015) Dunstan and
colleagues (2012) were the first to demonstrate that breaking up prolonged sitting reduces
postprandial glucose and insulin responses when compared to prolonged, uninterrupted sitting.
These researchers conducted a labordtasgedstudy among overweight/obese middiged
adults and found that both insulinemic and glycemic responses to a liquid meal test were reduced
after light and moderaténtensity physical activity breaks (2 minutes in duration every 20 minutes
for 5 hours posimeal consumption) when compared to 7 hours of uninterrupted giftinmgstan,
Kingwell, et al., 2012)Since then, multiple laboratehased studies have been conducted and
showal that glycemic benefits are detected when prolonged sitting is reduced or interrupted with
intermittent bouts ranging from 1 min and 40 secs to 8 min of-lmhinoderatantensity post
meal physical activity (i.e. walking, cycling, etc.) at frequencgwing from every 20 min to

every 60 mins among acthreealthy, overweight/obessedentary, and dysglycemic populations
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(Bailey & Locke, 2015; Duvivier et al., 2013; Latouche et al., 2013; Newsom, Everett, Hinko, &
Horowitz, 2013; Peddie et al., 2013; van Dijk et al., 2013)

In regards to standing, there are mixed findings as to whether breaking up sitting time with
bouts of standing is a sufficient stimulus to improve postprandial glucose and insulin responses
(Bailey & Locke, 2015; Buckley, Mellor, Morris, & Joseph, 2014; Thorp et al., 2&bt)instance,

Thorp and colleagues (2014) found that alternating standing and sitting in 30 min bouts-via a sit
stand workstatiosignificantly attenuated the postprandial glucose responses when compared to
seated work posture in overweight/obese office workers. In contrast, Bailey & Locke (2015) found
that breaking up sitting time witB-minute bouts of standing every 20 minutesariaboratory
setting did not significantly improve postprandial glucose responses when compared to
uninterrupted sitting in nenbese adults. Taken together, the current acute laboratoojfice-

based studies provide considerable evidence that prolpngederrupted sitting has detrimental
effects on glucose regulation, while breaking up prolonged sitting time has positive effects on
metabolic health. However, the optimal type, intensity, and frequency or physical activity
necessary to counteract theleterious effects of prolonged sitting have yet to be established.
Dyslipidemia

Dyslipidemia, characterized by abnormal levels of cholesterol and/or triglycerides in the
blood, is a strong risk factor for CVDlelson, 2013)Regular ingestion of higbalorie meals rich
in saturated fat can lead to transient exacerbated postprandial spikes in lipids, which can eventually
lead to chronic hyperlipidem{®'Keefe & Bell, 2007)Hyperlipidemia promotes oxidative stress,
arterial inflammation, endothelial dysfunction, which can facilitabe tdevelopment of
atherosclerosig¢Ceriello et al., 2004)The main cellular mechanism responsible for reducing

postprandial blood lipid levels is lipoprotein lipase (LPL). LPL is aliatéing enzyme involved
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in the hydrolysis of triglycerideich lipoproteins, such as very low density lipoproteins (VLDL)
and chylomicrons, and production of substrates needed for the maturation of high density
lipoprotein (HDL) cholesterdBeisiegel & Heeren, 1997; Bey, Areiqat, Sano, & Hamilton, 2001)
Defects in LPL activity has been associated with blunted plasma triglyceride uptake and reduced
HDL levels (Hamilton, Hamilton, & Zderic, 2007)As such, research has shown that low LPL
activity is atherogenic.

Dyslipidemia predominantly results from unhealthy lifestyle influences, such as poor
composition of diet (e.g., high fat), smoking habits, and lack of exéEipert Dyslipidemia
Panel of the International Atherosasis Society Panel, 2014n regards to exercise, previous
studies in both rats and humans have shown that exercise increases LPL activity and expression in
the skeletal muscléHamilton, Etienne, McClure, Pavey, & Holloway, 1998) contrast,
decreased skeletal musclentractile activity due to physical inactivity or extreme bed rest has
shown to suppress LPL activity, blunt clearance of triglycerides, and reduce HDL(laidton
et al., 2007)For instance, radtudies demonstrated LPL activity associated with microvasculature
of the most oxidative muscles was lost within 1 day of inactivity when compared to controls, with
decreases detected after ~4 hours of inactivity. The suppression of LPL activity ohsihved
inactivity may be due to the upregulation of a gene other than LPL that rapidly switches off the
functional LPL activity found on the capillary endothelium. In 1998, a human study examining the
effects of 20 days bed rest on LPL activity found thal @etivity was decreased, followed by
increased very low density lipoprotein (VLDL) triglycerides and decreased HDL in healthy
participantgYanagibori et al., 1997Moreover, it appears that the cellular respsrieenactivity
and exercise for LPL regulation are qualitatively different, such that the magnitude of LPL

suppression during inactivity after reducing standingfiotgnsity ambulation was much larger
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than the increase after adding exercise. Taken tegetie reduced LPL activity observed with
physical inactivity has provided a molecular foundation to propose hyperlipidemia as a potential
pathway that links sedentary behavior to cardiovascular disease

Although findings from animal models of physicalétigity are consistentjridings from
human experimental studies examining the effects of breaking up prolonged sitting on fasting and
postprandial plasma lipid responses are less consistent. Among healthy, young adults, normal
weight adults, and overweitlbbese adults, studies demonstrated that interrupting prolonged
sitting time with regular walking bouts of different durations (i.e., 1 min 40 secs, 2 mins, 3 mins,
etc.) every 1830 mins or with intermittent standing bouts of different durations (iCemiButes,
2 mins, etc.) every 305 minutes did not effectively lower postprandial triglyceride responses
when compared to uninterrupted sitti(Bailey & Locke, 2015; Miyashita, Burns, & Stensel,
2013; Miyashita eal., 2016; Peddie et al., 2013; Thorp et al., 20¥yontrast, Kim et al. (2014)
found that intermittent bouts of light intensity walking of various durations (e.g602®ins)
significantly reduced postprandial triglycerides and improved whole fatdgxidation when
compared with prolonged, uninterrupted sitting in young healthy individ(i€ls, Park,
Trombold, & Coyle, 2014)Moreover, Dempsey and colleagues found that 3 minute bouts of
simple resistance exercises activating large muscles of the lower extremities every 30 minutes led
to significant reductions in postmdial triglyceride responses compared to prolonged,
uninterrupted sittingDempsey et al., 2016)These findings suggest that brief bouts of light
intensity walking (e.g., <3 mins) and standing may not be acgarifi stimulus to enhance LPL
activity, suggesting that longer bouts of LPA or different modes of exercise may be needed to

attenuate postprandial lipemia.
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Moreover, findings from Kim et al. (2014) and Phillips et al. (2017) found that continuous
MVPA andVPA were more effective in lowering postprandial triglyceride levels than intermittent
light-or moderatantensity physical activity, respective(Kim et al., 2014; Phillips, Dillon, &

Perry, 2018) The inconsigincies between studies may be due to the different populations studied
(i.e. healthy, young adults vs. type 2 diabetics), experimental designs (i.e., concurrentdaynext
effects), meals (i.e., composition of macronutrients and content), highlightengamplex
interplay these factors may have on lipid metabolism. Moreover, the discrepancies between
animal/bedrest studies and human studies where prolonged sitting was interrupted may be because
the activity stimulus or the duration of studies was ndficgent to induce changes in lipid
metabolism.

Endothelial Dysfunction

Endothelial dysfunction, an early pathogenic process underlying atherosclerosis, is a promising
mechanism purported to be a contributing factor to the-SKED link (R. Ross, 1999; Versari,
Daghini, Virdis, Ghiadoni, & Taddei, 2009y he sitting posture (the primary sedentary posture)
promotes muscle inactivity of the lower extremities and changes in the angles at which the femoral
and poplital arteries run, causing bends within the arterial {Restaino, Holwerda, Credeur,
Fadel, & Padilla, 2015)These physiological conditions elicit hemodynamic changes including
blood pooling in the legs, decredsthigh and calf blood flow, and augmented turbulent blood
flow in the deformed arterial segmeriBelp & Laughlin, 1998; Padilla, Johnson, et al., 2009;
Padilla, Sheldon, Sitar, & Newcomer, 2009; Restaino et@l5PFor these reasons, it is thought
that prolonged sitting confers CVD risk by exposing the endothelium toatlpeoogenic milieu,
facilitating endothelial dysfunction over tinfelamilton et al., 2007; Thosalohnson, Johnston,

& Wallace, 2012)
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Over the past decade, experimental evidence from labotlaésgd studies has shown that
prolonged exposure to the sitting posture (e.g. from 1 to 6 hours) and episodes of reduced shear
stress blights endothelialriation in the leg vasculature, including both the femoral and popliteal
arterieg(McManus et al., 2015; Morishima et al., 2016; Morishima, Restaino, Walsh, Kanaley, &
Padilla, 2017; Padilla & Fadel, 2017; Padillahdson, et al., 2009; Padilla, Sheldon, et al., 2009;
Restaino et al., 2015; Restaino et al., 2016; Thosar, Bielko, Mather, Johnston, & Wallace, 2015)
For instance, Thosar and colleagues (2014) found that 3 hours of uninterrupted sitting impaired
FMD anddecreased mean and antegrade shear rates in the superficial femoral artery (SFA).
Similarly, Restaino et al. (2016) found that 6 hours of prolonged, uninterrupted sitting impaired
both microvascular dilator function (i.e., blood flow and velocity) androwvascular dilator
function (i.e., FMD) of the popliteal artery. However, both of these studies found that-sitting
induced vascular impairments were fully restored when sitting time was interrupted with
intermittent light activity breaks (5 mins @ 2mph)ai0-minute bout of walking. Moreover,
Morishima and colleagues found that prolonged skitintyiced endothelial dysfunction in the
lower extremities is preventable with small amounts of leg movement while sitting, such as
fidgeting. Collectively, thesetwdies demonstrated that prolonged, uninterrupted sitting reduce
blood flow and shear stress, that ultimately leads to leg endothelial dysfunction, albeit the impaired
vasculature can be can be attenuated with light muscular activity (e.gintgmsitywalking, leg
fidgeting, etc.).

One of the most important findings to support the endothelial dysfunction as a proponent in
the SEDCVD link is that sittinginduced endothelial dysfunction is specific to the lower
extremities, such that impaired FMD doex manifest in the upper extremiti€Bhosar, Bielko,

Wiggins, & Wallace, 2014)Thosar and colleagues (2014) were the first to report that prolonged,
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uninterrupted sitting resulted in impaired FMD of the lower extremities (i.e., femoral artery), but
nat the upper extremities (i.e., brachial artery). Likewise, Restaino and colleagues (2015) found
that prolonged sitting reduced popliteal, but not brachial, artery FMD. It has been speculated that
the lack of a sittingnduced impairment in brachial artdfiiD may be because the brachial artery
is more resilient to reductions in shear compared to arteries of the lower extremities and/or brachial
artery FMD may not be a sensitive measure of systemic endothelial dysfunction during prolonged
sitting. However, titure research is needed to understand that leg specific sitting vasculopathy.
Despite supportive experimental evidence for endothelial dysfunction being a potential
contributing factor to the sedentary behas@D link; such work is limited in that acaiperiods
of sitting in the lab over a single day (or in most cases a few hours) is not indicative of chronic
conditions. Furthermore, the control condition (uninterrupted sitting for hours at a time) does not
have real world generalizability since few #duengage in such prolonged, uninterrupted
sedentary periods during a typical day (e.g., workday). To date, the relationship between habitual
sedentary behavior and markers of endothelial function have yet to be explored. Thus,
observational studies areeded to determine whether inactive sitting (volumes and prolonged,
uninterrupted bouts) throughout a typical sitting day are linked to impairments in the leg
vasculature.Moreover, tudies conventionally define endothelial dysfunction solely as an
impairment in endothelialependent vasodilation. This narrow focus provides insight concerning
only one aspect of endothelial functidrab-based investigations have elucidated the upstream
processes underlying endothelial dysfunction, which include endothedial injury and
diminished endothelial cell reparative capacity, in addition to impaired endottiepahdent
vasodilation. A comprehensive evaluation of endothelial function thus not only includes the

assessment of endothelitoependent vasodilation (B, but also cellular measures such as
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circulatingendothelial microparticles (EMPs) and circulating endothelial progenitor cells (EPCs)
(Deanfield, Halcox, & Raglink, 2007)

I n order to understand physiological chan
important to understand that physical inactivity and sedentary behasliozed physiological
changes have been studied under several different modetoataxts. The approaches used to
date include animal models, detraining, bed rest, imposed physical inactivity and prolonged sitting
time. However, these experimental desifaikto address real world generalizability since few
adults engage in such pralged, uninterrupted sedentary periods and/or bed rest during a typical
day (e.g., workday). Thudntervention studies conducted in rea@brld settings targeting the
feasibility, acceptability and efficacy of reducing and breaking up occupational, teabit
domestic sedentary time are needed. However, future research examining the skeletal muscle
regulatory pathways at the epigenetic, gene expression and protein level are needed to better
characterize the mechanisms underlying the impact of prolongieg sih cardiemetabolic risk.
Measurement and Interpretation of Endothelial Dysfunction

Endothelial cells form a singleell lining covering the internal walls of blood vessels
throughout the entire vascular system, also known as the endotifAlivents et al., 2002; Dia
Corte et al.,, 2016) The endothelium is recognized as the key regulator of vascular wall
homeostasis due to its critical role in preserving vascular tone, vascular permeability to plasma
elements, platelet and leukocyte adhesion and aggregatiothrantbosis(Alberts et al., 2002;

Barac et al., 2007; Poredos & Jezovnik, 20TBe endothelium is thought to have its largest effect
on vascular ton@Poredos & Jezovnik, 2013uch that healthy endothelium releases a balance of
endotheliuraderived relaxing (i.e. itric oxide, prostacyclin) and constricting (i.e. endothelin,

vasoconstrictor pstanoids) factors, which preserves a relaxed vascular tone and low levels of
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oxidative stres¢Barac et al., 2007; Della Corte et &016) The imbalance between endothelial
dependent relaxing and constricting vasoactive substances inhibits the vasodilatory response,
indicating the presence of endothelial dysfunction. Endothetiapendent vasodilatation (EDV)
represents the dynamiobogy and vasomotor properties of the endothelium to maintain vascular
tone through the synthesis and release of endotiigraled vasoactive substances. An imbalance
between vasodilating and vasoconstricting mediators can impair EDV, indicating $kaqeef
endothelial dysfunction.

Endothelial dysfunction is a pathophysiological condition characterized by a dysregulation of
homeostatic mechanisms necessary to maintain healthy endothelium (Barac et al.,, 2007).
Endothelial dysfunction is associatedtiwiabnormal modulation of vascular tone, platelet
activation, thrombosis, leukocyte adherence, increased oxidative stress, vascular inflammation and
atherosclerosis (Barac et al. 2007, Della Corte et al., 2016). Thus, impairments in endothelial
function pecede the development of atherosclerosis and contributes to the configuration,
progression and adverse complications of atherosclerotic p(@gurac et al., 2007; R. Ross,
1993) In addition to its role in the gabgenesis of atherosclerosis, endothelial dysfunction is an
independent risk factor of future cardiovascular events in patients with stable ischemic heart
diseasgHalcox et al., 2002and in patients with acute coronary syndroiréshtlscherer, Breuer,

& Zeiher, 2004) The endotheliumés role in the compl
physiological mechanisms necessary to maintain vascular homeostasis, as well as the adverse
health effects of endothelial dysfuranti, highlights the importance of endothelial function
assessment.

Invasive and Noninvasive Techniques
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Over the past three decades, both invasive and noninvasive techniques have been
developed to measure endothelial dysfunction via the assessment of &fhMeSting requires
pharmacological and/or physiological stimulation of the endothelium to activate the release of
endothelialderived vasoactive factors, which was first observed from the pioneering studies of
Furchgott and Zwadzki. In the early 19808ege researchers developed a method to assess
endothelial function by means of local infusion of acetylcholine on the vessels of the coronary
circulation of animals (i.e., rabbit, dog, et@urchgott & Zawadzki, 1980Y he results from these
experiments demonstrated that acetylcholine triggered the release of rithic (BlO) from
vessels with intact endothelium, eliciting vasodilation. In 1986, Ludmer and colleagues applied
the same intracoronary infusion technique, as well as measured vessel diameter change with
guantitative coronary angiography, in human coronatgri@s in situ. This study found that
vasoconstriction occurred in subjects with atherosclerotic coronary arteries, while vasodilation
occurred in healthy subjects, demonstrating that this technique can be used to detect endothelial
dysfunction in humanfLudmer et al., 1986)These studies laid the foundation for endothelial
function testing, as all as offered insight to the molecule mechanisms underlying EDV.

Due to the relationship between human coronary and peripheral circulations, the invasive
method of intracoronary infusion has been applied to the brachial artery. As such, intracoronary
and intrabrachial infusion of vasoactive substances, which are both invasive techniques, are
denoted the fAgold standardo met hod (Tdusoulis,ear | y
Antoniades, &Stefanadis, 2005)Although optimal from a methodological standpoint, these
invasive techniques are not entirely feasible due to their high costs, burden to the participant, and
inability to be used in largscale studies and asymptomatic subjects, ssahiédren and young

adults at risk for cardiovascular disease.
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To offset the limitations of invasive techniques, noninvasive methods with comparable
results and good reproducibility have been developed to measure endothelial function. In order to
asses&DV, most noninvasive techniqgues measure vascular reactivity of the conduit arteries (i.e.,
radial, brachial, femoral) in response to reactive hyperemia, which is the transient increase in blood
flow to an organ following ischemi@hindsa et al., 2008 Noninvasive techniques developed to
evaluate vascular reactivity include flawediated dilatation, changes in pulse wave velocity
between the brachial and radial arteries, reactive hyperemia index assessed tiy fiegeheral
arterial tonometry (PAT) via the EndoPAT, temperature rebound and skin reactive hyperemia
index. Of these techniques, flewediated dilatation (FMD), which was developed in 1992 by
Cel ermajer and coll eaguesq n®nicnovnassiidveer erde tthhoed
research on conduit artery endothelial dysfunctfdammer et al., 2012Yhus, an understanding
of the measurement and interpretation of FMD is essential to comprehend vascular
pathophysiology and its clinical implications in relation to endothelial dysfunction.

Flow-Mediated Dilatation
Measurement and Analysis

FMD is a noninvasive, ultrasousithsed technique designed to assess conduit artery
vascular function in the systemarculation (Celermajer et al., 1992FMD is based on the
principle that increased blood flow in an artery via reactive hyperemia causes an increase in shear
stress parallel to the long axis of the vessel, which triggers generation of endotheled de
vasoactive mediators (i.e. nitric oxide), resulting in arterial vasodilgfmshi et al., 2001;
Raitakari & Celermajer, 2000The ability of the endothelium to modify its biosynthetic activity
in responséo the shear stress is measured by the change in the diameter of the target conduit artery

(i.e. brachial, radial, femoral, etc.) via ultrasound imaging (Barac et al., 2007, Raitakari &
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Celermajer, 2000). Thus, accurate baseline and reactive hyperemiarengasts of the target
conduit artery must be obtained to assess and interpret FMD results.

To ensure an accurate baseline assessment of the arterial diameter and blood flow, subjects
should rest in a temperature controlled-222C), quiet room and in thp@sition (i.e. supine, prone,
seated, etc.) in which the study will be performed for at least 20 minutes (Corretti et al., 2002,
Harris et al.,, 2010). While resting, the transducer of the ultrasound machine is placed in the
longitudinal plane above the @omical location necessary to identify a clear image of the target
conduit artery (e.g., above the antecubital fossa for brachial artery; proximal to the popliteal fossa
for the popliteal artery). Once a segment with vdelfined anterior and posteriotimal surfaces
between the lumen and vessel wall of the target artery is identified, baseline measures of the artery
diameter and blood flow velocity are taken for at least one mifsieurza, Seals, DeSouza, &
Taraka, 2001; Flammer et al., 2012After baseline measurements are taken, vascular occlusion
occurs, and reactive hyperemia measurements are obtained.

Briefly, a blood pressure cuff is placed distal to the ultrasound probe and inflated for 5 minutes
to occlude blood flow, creating an area of ischemic tissue distal to the site of occlusion. After the
5-minute period of ischemia, the cuffdeflated,and measurements of the target artery diameter
and blood flow velocity are taken with the ultrasound tdaesr for a total of 3 minutes (180
seconds). Thi§-minuteperiod is known as the peisichemia and/or reactive hyperemia period.
Blood flow measurements are taken during the first 45 seconds of the reactive hyperemia period
(0:00-0:45) to obtain peak bt flow and shear stress. Conduit artery diameter measurements are
obtained immediately after the 45 seconds {migtemia until the end of the assessment (0:45
3:00; 135 seconds) to capture peak arterial diameter. These measurements are takenen this ord

because the peak blood flow velocity occurs within the first 15 secondsg@lsmia, while peak
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vasodilation is expected to occur 45 to 80 secondsipcstmia, with these times differing
between populationgBlack, Cable, Thijssen, & Green, 2008)he shear rate over time is
calculated using the Area Under the Curve (AUC), quantifying the accumulated shear stress that
contributed to the FMD respon@eyke & Tschakovsky, 2007k should be noted that the reactive
hyperemia shear stress induced by the temporary vascular occlusion is the primaos $om

FMD (Celermajer et al., 1992). Thus, the temporal kinetics of arterial diameters and blood velocity
measured via the duplex mode on the ultrasound system during reactive hyperemia are crucial for
overall FMD analyses.

After baseline and reactiveyperemia measurements are obtained, FMD analyses are
conducted using edge detection software and calculations. Traditionally, FMD is calculated as a
percentage of change in the vessel caliber (Corretti et al., 2002), reflecting the arterial vasodilatory
response to reactive hyperemia in relation to the baseline diameter (FMD%=[peak diameter
baseline diameter]/baseline diametéfarris, Nishiyama, Wray, & Richardson, 2010fore
recently, due to potential mathematical bias and varyiagtirety of smaller vs. larger vessels
(Pyke & Tschakovsky, 2005paseline diameters, absolute change in diameter and shear rate
(AUC) are presented in addition to FMD percentage (Harris et al., 2010). Since FMD is triggered
by shear stress, evidence suggests that FMD should be rmadhiali dividing the percentage of
FMD by shear rate (AUC) (Harris et al., 2010). However, debate exists as to which method
optimally normalizes FMD for shear stré¢gdgkinson et al., 2009)it is important to notéhat each
diameter (i.e. baseline and reactive hyperemia) and blood flow measurement (i.e. blood flow
velocity, reactivdhyperemidlow, andhyperemicshear stress) via ultrasound contribute to overall
FMD analyses, highlighting the significance of propgquipment and technique needed for this

method.
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Interpretation and Application

In regard tointerpretation, the magnitude of dilatation (i.e., FMD%) reflects the
endotheliuradependent vasodilator function, serving as a surrogate marker of endothelial
dysfunction and vascular health. Results from previous studies examining the clinical utility of
FMD consider endothelial function to be fAnorm
FMD is less than 10%. As such, a FMD<10% is thought to indicaterésemce of endothelial
dysfunction(Modena, Bonetti, Coppi, Bursi, & Rossi, 2002; Vogel, 199T9yreover, a recent
metaanalysis found that a 1% decrease in FMD was associated with a 13% change in
cardiovascular sk, independent of the group studied. However, multiple review studies have
established that FMD values vary widely between studies, ranging Ir&h9.2%, and overlap
between populations (i.e., healthy, coronary artery disease, diabetes mellitubjneter)ng the
utility of FMD reference values and interpretati(Bots, Westerink, Rabelink, & de Koning,
2005) The variability in the FMD values may be due to technical measurement controversies, such
as cuff placemenbcclusion pressures, occlusion duration, and ultrasound tech(@glesnajer,
2008) Assuch, different iterations of the FMD protocol are employed across different laboratories
(i.e., subject preparation, cuff placement, length of vascular occlusion, etc.). For instance, if the
environmental conditions of the room are not regulated, the FddDits can be influenced and
potentially reflect a false negative due to a transient state vs. true pathology. Moreover, small
changes in cuff placement can modify the endothdiaived vasoactive substances contributing
to the FMD response (i.e., N@.wrostaglandins vs. hyperpolarizing factor). Thus, there is a need
to standardize FMD protocols across laboratories to ensure meaningful and comparable results.
Moreover, intraand interobserver variability, as well as tinteependent reproducibility ¢ftMD

are important to report because the outcome of each measurement is highly operator dependent.
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Regarding clinical application, numerous studies demonstrated that FMD% serves as a
strong indicator of cardiovascular disease in both diseased and hgdthgtiongThijssen et al.,
2011) For instance, previous populatibased studies demonstrated that FMD% is an
independent predictor of future events and survival in patients with established CVD or CVD risk
(Lieberman et al., 1996; Mitchell et a22004) FMD% has also shown to be an independent risk
factor for future CVD in healthy men and women, potentially exceeding the predictive values of
traditional risk factors. A recent study examining the correlations between endothelial function
assesselly FMD and severity of coronary artery disease (CAD) demonstrated that FMD% > 10
reliably rules out obstructive CAD and FMD < 10% predicts the presence of E&izheti, Shah,
& Phalgune, 2018)This study furthestratified FMD% values and found that FMD < 6% predicts
obstructive CAD, while FMD @&.0% predicts the presence of CAD but sabstructive. These
findings confirm the <clinical utility of FMD
note that thgprognostic role of FMD is based primarily on FMD derived from the brachial artery,
as there are no existing data pertaining to the prognostic role of FMD derived from the popliteal
and femoral arteries. Thus, future studies are needed to better intdfireesults of the lower
extremities.
Strengths & Limitations

Although FMD is considered the gold standard for noninvasive assessment of endothelial
dysfunction in clinical research, this method has both strengths and limitation. The strengths of
FMDinclude this techniqueb6s validity and reproduc
epidemiological and clinical applications, and the ability to evaluate conduit artery endothelial
biology across different populations and age groups (i.e., childoemgyadults, older adults).

This technique can also be used in lasgale studies, contributing to vascular epidemiology. FMD

156



is also a strong predictor of cardiovascular events in patients with established CVD and is an
endothelial function assessmertommended by the Brachial Artery Reactivity Task Force.

Although FMD presents numerous strengths, limitations do exist. First, the ultrasound
technique is difficult to perform and requires a highly trained sonographer. Second, due to the
sophisticated egoment and trained technician needed to conduct each test, FMD can be
expensive, hindering the feasibility of this technique to be used in the general public. Important to
note is that other reviews consider FMD to be inexpensive and refer to its lcag emsadvantage;
highlighting inconsistencies in how researchers view the strengths and limitations of this method.
Third, the normalization of FMD for shear rate is under debate. Last, FMD gives insight to only
one aspect of endothelial dysfunction (EeDV ) , which doesnét take in
nature of endothelial dysfunction (e.g., regulation of thrombosis and fibrinolysis, endothelial cell
injury and repair, etc.).
Controversies

In addition to the strengths and limitations of FMD as a toom&asure endothelial
function, controversies exist on this methods validity, generalizability, and assessment. In regards
to validity, previous studies demonstrated that FMD is endothaliependent and mediated by
NO in the radial, brachial, and superficiemoral arteries of humans, but not in other deep or
smaller arteries (i.e., posterior tibial, popliteal, deep femoral, éloannides et al., 1995;
Kooijman et al., 2008)These findings suggest that vesgpktand size may influence the relative
contribution of NO to vascular reactivity, such that endothelial NO synthase differs throughout the
arterial tree(Laughlin, Turk, Schrage, Woodman, & Price, 2003; Shimokatval.e 1996)
Therefore, the mediation of vasodilation may differ between conduit arteries, making this

technique only valid for large superficial arteries in humans. Additionally, different
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met hodol ogi cal approaches haadinical hesearch tobldor | i mi t
endothelial function.

Regarding generalizability, controversy exists with the doctrine that FMD responses
obtained at the brachial artery can be generalized to other vascular beds throughout the circulation.
The concept thattba c hi a | artery FMD represents a fdbaror
is due to previous research reporting associations between brachial artery FMD and coronary artery
vasomotor function. As a result, most studies measure brachial artery FMDuateesdothelial
dysfunction. However, atherosclerotic lesions are distributed nonuniformly throughout the
vasculature, with the lower limbs demonstrating a higher incidence of clinical vascular disease and
claudication. Moreover, a plethora of studiegothe past decade have demonstrated that upper
and lower limb vasculatures demonstrate different vasomotor responses to shear and
pharmacological vasoactive substances in humans. For instance, Thijseen and colleagues (2011)
were the first to demonstrateat there was no correlation between brachial and superficial femoral
artery FMD or between brachial and popliteal artery FMD. These data suggest that conduit artery
vasodilator of the upper extremities is not predictive of that in the lower extremitieevdr, this
study was conducted among young, healthy subjects, which may limit their results, such that
subjects with cardiovascular risk factor or with endothelial dysfunction may have revealed a
relationship between vasomotor properties of the loweuppdr extremities. These findings have
since been confirmed, albeit most studies were conducted in laboratory settings, include young,
healthy subjects, and have shown transient effects. Given the nonexistent relationship between
FMD of the conduit artegis in the upper and lower limbs, future studies should avoid generalizing
brachial artery FMD as a systemic index of endothelial function in other vascular beds among

healthy adults.
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In regard td=MD assessment, uncertainty exists as to whether FMD sheuidrmalized

for shear stress and whether the current normalization methods appropriately reflect endothelial
biology. Support for normalizing FMD for shear stress is based on the physiological and
mechanistic basis that increased shear stress is tis@ljagycal stimulus for FMD. However,
numerous factors can influence the physiological and mechanical transduction of shear stress into
conduit artery dilation, such as arterial stiffness, blood viscosity, blood flow patterns and/or
methodological variatiess. The uncertainty on normalizing FMD stems from the inconsistencies
reported in the literature about the relationship between FMD and shear stress. For instance, the
Framingham Heart Study found that local brachial artery shear stress at baselineirmgnd dur
reactive hyperemia were strongly associated with brachial artery FMD, as well as CVD risk factors
(i.e. pulse pressure, obesity, fasting glucose, etc.) in their Offspring Cohort (n=2,045). These
findings suggest that the shear stress response shardddidered when interpreting the brachial
artery dilatory response detected by FMD. In contrast, Dhindsa and colleagues (2008), among
other studies, found that FMD was not significantly associated with reactive hyperemia or
hyperemic shear stress, posgildue to the microvascular function involved with reactive
hyperemia vs. macrovascular function detected by FMD. These conflicting results suggest that
methods other than FMD, such as PAT, may be needed to understand the underlying physiology
of peripheralmicro-and macrovascular reactivity and its implications for endothelial function in
healthy, at risk and diseased populations.
Other Endothelial Function Measures
Reactive Hyperemia Index

Since the beginning of the 2tentury, abnormalities in pulseame amplitude (PWA) in the

peripheral vessels have been considered an independent marker of endothelial dysfunction (Kuvin
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et al., 2003). Given the ability to measure PWA with noninvasive technigersheral arterial
tononetry (PAT) was developed to &s PWA during reactive hyperemia with the goal to
noninvasively study peripheral vascular endothelial function (Kuvin et al., 2003, Schnall et al.,
1999) PAT utilizes finger plethysmograph to measure changes in pulse wave amplitude (PWA)
in response toeactive hyperemia. A most common name used for this technique is reactive
hyperemia peripheral arterial tonometry (FR¥AT) and the most common device is called the

EndoPAT 2000ltamar Medical, Caesarea, Israel)

RH-PAT measures changes in pulse wave amgé(PWA) in response to reactive hyperemia.
Reactive hyperemia is induced using the same methods described for FMD. However, instead of
using a Doppler ultrasound machine, the EndoPAT 2000 device is used to measure changes in
peripheral arterial tonenlorder to do so, the EndoPAT 2000 usegdr plethysmographyvhich
measuregperipheral arterial tonfgom changes is PWA detected jayeumatic cufprobes placed
on one finger of each han@onetti et al., 2004)The pneumatic cuff encapsulates the middle
finger of both hands and evaluates digital volume changes withpedse wave (Kuvin et al.,
2003).PWA measurements are recorded continuously before, during and after cuff deflation. An
algorithm buit in the Endd@AT 2000 analyzes the data and computes the reactive hyperemia index
(RHI). RHI is the ratio of averageWA during the onaninute period after cuff deflation to the

average pulse wave amplitude during -28@onds baseline peri@duvin et al., 2003)

Numerous studies have been conducted to show tha&A&RHis correlated with endothelial
function, as well as other measures of endothelial function. FornggstaRHI moderately
correlates with endothelial vasodilator function in the corona®riesBonetti et al., 2004)and
with brachial flowmediated dilatior{Kuvin et al., 2003)In regard tgphysiological mechanisms

of endothelial function, pulse wave amplitude changes t&?RM compared to baseline have been
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shown to be N@lependent, suggesting that PAT is a treasure of endothelial function (Martin
etal., 2012, 10). However, there is evidence to suggest that FMD and Eriflafefdct different
aspects of vascular function in selected vascular beds and vessel size, suggesting that FMD and
PAT measure different pscts of the hyperemic response. For instance, FMD measures the
dilation capability of the large conduit arteries (i.e. brachial, femoral, radial), whereas PAT
measures flow response hyperemia, which is related to endothelial function of the small arteries
and microcirculationPoredos & Jezovnik, 201.3Regadless, a systematic review and meta
analysis revealed that both FMD and HRIAT significantly predicted cardiovascularvents
(adjusted relative risk [95% CI]: 1% increase in FMD 0.88 [00841], P<0.001, 0.1 increase in
natural log transformedHI| 0.79 .71 0.87], P<0.001) with similar prognostic magnitude
(Matsuzawa, Kwon, Lennon, Lerman, & Lerman, 20Bgsed on these findings, RFAT may
be an accurate operator independent tool to identify patients witmargranicrovascular
endothelial dysfunctiofBarac et al., 2007) Further research is needed to determine AT
is feasible and effective in cardiovascular risk gtcattion.
Endothelial Microparticles

In recent yearsgndothelial microparticlessMP9 have emerged as a novel biomarker
that provides valuable information about the biological status of the endothelium because they
represena direct measure &Cinjury. Previous studies indicate that peripheral EMPs expressing
CD62E+ are phenotypic for ECD3katrievatmidomat awud
apoptosigBernatMizrachi et al., 2003; Garcia et al., 2005adain J Jimenez et al., 2003¢nkins
and colleagues (2013) were the first to prowideivo experimental evidence that disturbed blood
flow in the distal forearm acutely induced endothelial activation and apoptosis in humans, as

reflected by release ahicroparticles from activatedCO62E) and apoptotic (CD31CD42b)
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endothelial cells. Thus, one would hypothesize that the sustained reduction of shear stress during
sitting would result in elevated circulating EMPs. To further elucidate the influenesloc¢ed
shear stress on endothelial cell injudgvasiolava et al. (2010) usadnodel ofextreme physical
inactivity and found that circulating EMPs indicative of endothelial apoptosis (i.e., GII342b
EMPs) were significantly elevated following 7ydaof dry water immersion, with no changes in
plasma concentrations of soluble CD62D prof&lavasiolava et al., 2010%imilarly, but with a
more modest physical activity reduction approach, Boyle and colleg@048) found that
reducing daily physical activity by taking <5,000 steps/day and refraining from planned exercise
led to significant elevations in CD3CD42b EMPs, with no alterations detected in CD62E
EMPs(Boyle et al., 2013)These authors hypothesized that the lack of increaSB&2E EMPs
and soluble CD62D proteimay be becausthis marker is onlyexpressed and released from
endothelial cells when they are in an inflamed sfatgyle et al., 2013; J. J. Jimenez et al., 2003,
Krogh-Madsen et al., 2010)
Endothelial Progenitor Cells

Bone marrowderivedEPCs are important biomarkers to evaluate when examining endothelial
dysfunction becaugiey are capable of EC r&p and regeneratiofdams et al., 2004; Mobius
Winkler, Hollriegel, Schuler, & Adams, 2009; Umemura & Higashi, 2008; Urbich & Dimmeler,
2004) indicating that endothelial function represents a balance betweemji&§ and repair.
Detraining and inactivity have shown to play a role in reducing the vascular regenerative capacity
of EPCs,which might suggest that chronic exposure to a sedentary life style may be associated
with lower percentage of EPCs among ad(is D. Ross, Malone, & Floriddames, 2016;
Witkowski et al., 201Q)Moreover,a reduced number of circulating EPCs are associated with

traditional risk factors and the presence of atherosclédesisn, Dorling, & Hornick, 2008;
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MobiusWinkler et al., 2009; Werner et al., 20085 well as predicts an increased occurrence of
CVD events and death from cardiovascular ca(&sner et b, 2005)

According to Fadini et al. (2008), CD34 and KDR display an overlapping expression on stem
cells and endothelial cells. CD34 and KDR erpressed on primatyemangioblasislets in the
yolk sac mesoderm during eamdynbryonicvasculogenesis, sggsting that CD3KDR™ cells
could be immature cells with endothelial priming (Pelosi et al., 2002). Although, ®DB4
cells may represent putative EPCs or pwtlhemangioblasthe CD34KDR* phenotype may
overlap in part with that of mature endoihkkells because CD34 is also expressed on some
microvascular endothelia. Of the putative EPC phenotypes, B8 produces the highest cell
counts and is the only phenotype to repeatedly and convincingly be demonstrated as an
independent predictor of miovascular outcomes (Fadini et al., 2008).

Although CD34KDR*CD133 and CD133KDR™ phenotypes of EPCs may be more specific,
reduced CD3ZKDR* EPCs have been associated with the earliest anatomic sign of atherosclerotic
remodeling, increased intirmaeda thickness,n healthy subjects independently of CRP and
Framingham risk score (Fadini et al., 2012, Fadini et al., 2006, Chironi et al., 2007). Moreover,
SchmidtLucke et al. (2005) found that a COBDR* EPC level below the median value was
associateavith a higher incidence of composite CV end point suggestive of atherosclerotic disease
progression (Fadini et al., 2012). Werner et al. (2005) found that ®D& EPCs were
predictive of a first major cardiovascular event, independent of potential caldicu(Fadini et
al., 2012). According to a review by Fadini and colleagues (2012), the "RDB4 antigenic
combination appears to be the best EPC phenotype in terms of sensitivity, specificity and reliability

to quantify EPCs in the clinical setting.

Future Directions
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Methods used to assess endothelial function should be safe, noninvasive, reproducible,
repeatable, affordable, and standardized between laboratories. Based on the existing literature and
evidence, it appears that the measurement of endatheliction with FMD via ultrasound meets
most of these requirements, but improvements are needed with standardization. Future studies
should confirm the validity and reproducibility of FMD in large clinical series, as well as isolate
and examine withinah b et ween subjectsd relationship bet
literature on FMD as a valid measure in small, deep arteries suggest that further work is needed to
determine to role of NO in mediating FMD responses in these types of arteriesmidatantly,
endothelial function assessment should reflect the complex biology of the endothelium throughout
the natural history or atherosclerotic disease, suggesting that FMD assessment alone may not be
sufficient to capture the dynamic endothelial lbgy. Thus, future studies should include
simultaneous measurements of cellular (i.e., endothelial microparticles, endothelial progenitor
cells, etc.), microvascular (i.e., PAT via EndoPAT), and macrovascular (FMD) assessments to
fully capture the multifagted nature of endothelial function.

Conclusion

Overall, multiple technigues, both invasive and noninvasive in nature, have been developed
to measure and interpret endothelial dysfunction. Based on the existing literature and evidence to
date, intracorong infusion of vasoactive substances and FMD are considered the gold standard
invasive and noninvasive methods to assess endothelial dysfunction, respectively. Given the
limitations of invasive techniques, FMD is widely used in clinical research. FMD roaerpto
be a powerful predictor of future CVD is asymptomatic men and women, as well as an independent
predictor of future CVD events and survival in patients with existing CVD. The validity and

reliability of FMD are controversial when compared to invasmethods, but superior when
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compared to other noninvasive techniques. Overall, FMD appears to be a valuable noninvasive
technique to evaluate endothelial dysfunction via EDV, but future research is needed to improve

the validity, standardization and inpeetation of this technique.
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APPENDIX B

EndoPATE Protocol
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Endothelium-dependent vasodilation

Background. Endotheliumdependent vasodilation will be assessed by a peripheral arterial
tonometry (PAT) device (EndoPAT2000). The EndoPAH 2000 is a small, portable device

that is approved by the FDA for endothelial function testing. The End&P20D0 nor
invasivelymeasures the endothelivmediated alterations in vascular tone in peripheral arterial

beds. The PAT probe is attached to a pressure transducer and through it to the central processing
unit, which records the amplitude of each pulse wave as a continaoungirproviding a

measure of the micrarterial smooth muscle tone in the fingertip. To induce reactive hyperemia,

the BP cuff located on the n@ominant forearm is inflated for 5 minutes to whichever

occlusion pressure is higher: 200 mmHg or 60 mmHg plstolic BP. After the-bninute

occlusion period, the cuff is deflated, while PAT recording continues.

RHI will be quantified using the Framingham algorithm calculated as the ratio of the average
amplitude of the PAT signal over a-920 second post detion period after cuff deflation

divided by the average amplitude of the PAT signal oiairute period before cuff inflation
(resting). RHI values from the study arm are normalized to the control arm. RHI is the primary
measure of endothelidlependenvasodilation in this study.

Protocol for EndoPATE set up:

1. Switch on:

a. Laptop (password: [personal profile password entered])

b. EndoPATE 2000 devicedt least 20 minutes prior to usgusing on/off
switch found on the back panel of the device towards therhotihe power
indicator light will glow orange, indicating that the power is turned on.

c. Ensure USBo-COM adaptor cable is connected to the USB port closest to
the track pad of the computer. (COM24 was established and is automatically
selected when usg this specific USB port)

d. Connect two new probes to the EndoFEAZ000 system connectors.

e. Launch EndoPAT 2000 software by double clicking on the EF@lAT2000
icon found on the desktop.

2. When EndePATE 2000 software is launched, the main screen will appedran
automatic COM port search and communication test with the device will be
performed. Communication with the device using COM24 is automatically
established if the USB)-COM adaptor cable is connected to the proper USB port
described above.

a. If the oftware is unable to establish communication with the device, a-COM
port search dialog box will open. While the dialogue box is open the system
continues trying to establish communication with the device, going through
COM ports 1 to 10 in a cyclical mamé&his continues until communication
is established or AWork Disconnectedo

EndoPATE Connection:
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1. RC takes two BPTru readings on the subject

calculates the average BP reading, and uses this averageuBRovateate the
EndoPATE patient file as follows:

1) Click on the O0patient informationd icon o
information dialog box from the Test Analysis menu.
2) All mandatory fields must be completed in order to proceed to the tegxtThe field
description is as follows: Enter Patient ID (Ex. PUME1234 [SID number]), Age,
Gender, Systolic and Diastolic BP (use the average BP calculation from the initial
BPTru readings), Height (ft/in) and Weight (Ib). Although height and weight are
required, these values are not used for data analysis. Standard height and weight
values can be entered for all subjects.
3) Once the required fields are completed, click OK. The Patient Information dialog box
will close.

Note: The data acquired duringtudy session is automatically stored to the
computeré6és hard disk in the f evedicalwi ng | oc
Data. This data will also be saved to the Columbia University Netwairkve and

Pume USB drive in the locations specifiedime 6 Endo PAT Data Anal
below, once the session is completed.

The file name of the stored data will correspond with the Patient ID initially entered
and file type suffix: S32 (Ex. PUME1234.S32). This data can be subsequently
retrieved for of-line review and analysis.

.RC inserts intravenous catheter in the par
. RC places EndoPAT armsupports on tables along both sides of the participant and
inserts the PAT probes inside the asapport sockets.

6. RC fully deflates the probes by pressing the deflate button on the device.

7. RC places study fingers into the probes, making sure the fingers are inserted all the
way to the end of the probe.
a. RC instructs participant to fit wire against fingertip (undernéatiernail)

i. The index finger is the recommended finger for the study; however if the
index finger is too large to comfortably fit into the probe or is otherwise
unsuitable, another finger (except the thumb) may be used, as long as it is
the same finger iboth hands

8. RC inflates probes by pressing the Inflate button on the device or clicking on the icon.
9. RC lifts the participantdés probed 4index f
support, and places the parctionsgpioppdadita 6 s han

maintain the arm with the IV straight.

10. A blue foam anchor ring is placed on the adjacent finger (middle finger) of the probed
finger, as near as possible to the finger
a. The anchors should be placed as far back as possilde dinger so that they do

not come in contact with the PAT probe (such contact may result in mechanical
artifacts during recording).
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11.RC pull s back the tubing stemming from th
surface, ensuring probes and foam anelie free of contact with any object,
including the supporting surface.
12. RC instructs the patient to refrain from moving the fingers to the extent possible.
13. RC tapes the participantés arm with th
14. The EndoPAE BP cuff isapplied snuggly, without excess pressure, on the
nondominant forearm and left deflated.
15. RC selects Standby Mode on the EndoPASystem, confirms PAT signals, and
adjusts amplitude and time settings for a clear visual display of signals.
Note: On standby mode, data is not being recorded.

EndoPAT Recording:

2 1. RC ensures correct placement of partic
and prGeOs serss tih e ddmpdter BA&n the EndoPATBaseline
Period (5 minutes)

22. RC inflates blood pressure cuff to 250mmHg (or +60mmHg above systolic BP as
determined by the BPTru rating at baseline) to begiOd®usion Period(5 minutes)

23. RC deflates blood pressure cuff to beginRbstOcclusionPeriod (5 minutes)

24.RC flags mood inductor in the control room and inductor confirms readiness by
flagging RC back.

25. RC notates end time BbstOcclusionPeriod

EndoPAT Data Analysis:

1.

w

Prior to data analysis for each timepdint,
case report form for progress notes highlighting any deviations or issues encountered

during all five EndoPAE sessions conducted for each laboratory visit. These forms can

be found in the following location by subject ID #:\FRudy FolderUME\CRFs

To begin analysis, open the EndoPAT softwa
the main screen tool bar to acquire data automatically stored for completed study

sessions.

A dialog box titled 6Open S3& filed appear

Select the desired study session file from the list (Note: file name will appear as
PUME(SID#).S32, Ex: PUME7016.532) and copy and paste into the:
a) Columbia Network P Drive (P:) > Desktop > EndoPAShortcut >
COMPLETED LAB VISITS 20132014 > RAW DATA and
b) USB Drive (F:) > PUME > COMPLETED LAB VISITS 2013014 > RAW
DATA
Once the study session file has been saved in both locations, double click on the file to
open and view results
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6.
7.

Adjust amplitude and time settings for a clear visual display of signals
Identify and manually mark the Occlusion Period, Artifacts, and Segr(iedsline and

Test)
a) Occlusion Period Find the start occlusion point (the point at which baseline
signals fluctuate), point the mouse
Occlusiond6é from the popup menu. A

in BLUE. The end occlusion point selected can be adjusted by clicking and
dragging to the point desired.
b) Artifactsi Include PAT leaks and noise/mechanical artifacts, appeasing

abnormal signal spikes, in the baseline and test periods. Artifacts must be marked

prior to identifying baseline and test segments to ensure exclusion from data
analysis.
A Select an artifact by selecting and dragging the mouse horizontally and
highlighting the segment. Mark the artifact in YELLOW by clicking on
the O6Mark Segment as Artifacto i
c) Baseline SegmentTwo minute period directly before the occlusion period.
A Highlight the segment by selecting and dragging the mouszohtally

from the start occlusion point to the left for a two minute period. Mark the
t he

segment in GREEN by clicking on
found on the toolbar.
d) Test Segment90-120 second post deflation periodi.e. starting 90 secosd
after cuff deflation point and continuing for 30 seconds until 120 seconds after
cuff deflation).
A Identify the 90 second post deflation point by dragging the mouse

horizontally, from the end occlusion point to the right, for 90 seconds. At
this 90 seond mark, begin selection by selecting and dragging the mouse
horizontally to the right for a 30 second period. Mark the segment in RED

by clicking on the O6Mark Segment

Note: Manual selection of segments and artifacts/juling automated PAT ratios must
be performed and notated for each individual occlusion period. The En@ioPAT

software will not save these automated calculations. There are a total of five occlusion

periods conducted during every laboratory visit.

8. Reative Hyperemia Index (RHI) Analysis

a) After the baseline and test segments are manually marked, their PAT ratios are
automatically calculated and results are displayed on the right side of the screen

as T/B1 (Probe 1) and T/B2 (Probe 2).
A During recordingT/B1 (Probe 1) and T/B2 (Probe 2) must be identified
as the test arm and control arm in order to calculate the RHI.

and
five

con

as

l denti fication of arms I s documented

Coll ectiond case report form ment.
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A Formula used to calcuRHI is:Test Arm/Control Arm
b) PAT ratios must be entered into Filemaker upon completion of EndBPAT
analysis for all five timepoints.
c) Standardized RHIs are automatically calculated when PAT ratios for test arm and
control arm are entered into the Filemia#latabase for each laboratory visit.
d PAT ratios are also notated and documen
spreadsheet located in Columbia Network P Drive (P:)
A PAStudy Folder®UME\EndoPATCOMPLETED LAB VISITS 2013
2014 RHI Data Analysis
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APPENDIX C

Endothelial Cell Transformations
Report prepared on March 23, 2018 by William F. Chaplin and Ipek Ensari
Overview

There are three measure of endothelial function that were the primary outcome variables,
RHI, EMP CD62, and EPC CD34/KDR. Of thebe tnost wellestablished measure is RHI. We
began by assessing these variables distributional properties and transformed them as appropriate.
Specifically we began by assessing the data for outliers by the visual inspection of boxplots (see
below). If autliers were detected weinsorizingthe data by changing the outlying values of the
cases to the most extreme, but soutlying value in the data set. For all the cases on one tail of
the distribution that wereinsorizingwe changed the values of an e@lent number of cases on
the other tail using the same procedure even if those cases were not outliers. Once the outliers had
beenwinsorizing we then assessed the distribution for -moenmality and undertook a further
transformation (e.g. natural logguare root) to reduce the skewness.

Transformations

RHI: The RHI data was not highly skewed, but did contain some outlying data points. Across
the 5 time points the skewness values are 1.13, .844, .905, 1.17, and 1.04. To reduce the impact of
the outiers on the analyses weansorizedthese data. Specificallgt baseline, 3 minutes and 40
minutes we identified one case at each time that had an outlying value of 6 and these values were
winsorized. For 70 and 100 minutes there were no clear outahges so no winsorization
performed.

Hereis the boxplot of the original RHI datat baseline (the only time point used for current
analysis):

6 *

T
RHitimepoint 1
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EMP62: We began by using a standard correction factor of the EMP data which was to multiply
each vale by .91441. We then assessed these corrected data for outliers and non normality. For
the baseline values 19 high scores were winsorized, at 3 minutes 14 high scores were winsorized,
at 40 minutes, 14 scores were winsorized, at 70 minutes 14 wereingédsand at 100 minutes

14 were winsorized. Although the winsorizing reduced the skew, the data was still substantially
nortnormal with skewness values across the 5 time points of 4.73, 6.38, 5.30, 6.86, and 5.87,
respectively. Thuswve further used a natal log transformation on the data. This transformation
greatly reduced the skew to .649, .464, .443, .523, and .613.

Hereis the boxplot of the original EMP62 datalkatseline

6,000
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EPC CD34 KDR: We first applied a standard correction factor to the ER€ which was to

divide each value by 20,000 which converts the raw data into a proportion of antibody/per

20,000 cells. We then assessed these data for outliers and winsorized 9 cases with high scores at
baseline, and 19, 14, 8, and 29 at time pointsdutih 5 respectively. Again, winspimng the

data reduced, but did not eliminate the skewness. The skewness values were 2.49, 1.96, 2.03,
2.51, 1.70 across the 5 time points, respectively. We performed a square root transformation on
these data becauBevas a possible value. These reduced the skewness to 1.22, 1.07, .992, 1.34,
and .941 across the time points, respectively.

Hereis the boxplot for the raw EPC datatatseline
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APPENDIX D

Mean Sedentary Time Estimate Equation
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APPENDIX E

Study One Instruments
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ActivPal Care and Instructions

Placement and Use

®  The activePAL™ should be worn on the mid-line of the thigh, one third of the way between the hip
and knee. The rounded top of the activePAL™ should be upright pointed toward your head. A
nitrile flexible sleeve should be wrapped around the activePAL™ 1o ensure it is not damaged by the
adbesives.

e The activPAL may be worn in the shower; however, must never be fully submerged in water (e.g.
baths, swimming)

For Adhesion:

* Tegaderm film may be used.

Peel off back of regaderm film

Place tegaderm film over the activePAL™ that is in a nitrile sleeve

Peel off the edges of the tegaderm wrapper after placement

Replace tegaderm when uncomfortable, when adhesion decreases, or after showering

The tegaderm dressing is easiestly removed after showering or exercising (sweating).

To remove the tegaderm, pull on the 2ctivPAL monitor. The tegarderm dressing should

come off as you remove the monitor from your thigh

*  *1f you are having extreme difficultics removing the tegaderm dressing, use scissors
to cut the dressing around the activPAL monitor. Then ped off the tegaderm.

* Hypafix tape may be used.

Peel off backing of hypafix ape

Place hypafix tape over the activePAL™ that is in a nitrile sleeve

Make sure that the entire activePAL™ is covered by the hypafix tape

Remove in same fashion as tegaderm film

B s

1.
2
3.
4.
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Start Date:

Drop-Off Date:

Sleep Diary

Instructions: In the table below, record the times when you got into bed and when you turned off the
lights to go to sleep. Also record the times when you woke up and when got out of bed to start your day.

Night |What time didyon | Whattimedidyen | Whattime didyon | What tima did you
of |getintobed? turn the Hghts offto | wake up? get out of bed to staxt
Sleep go to sleep? the day?
Might 1 |rime: [ [ ] oo [Tismie: [Jam[ Jemafrime_ [Jas[ Jemirime: [ Jam[ em
Night2 frime: [ |am[ Ipnarime: [Jam[Iemfrime_ [Dasa[ Ienafrime [ |as Jem
Might 3 [lime.______ [ Jam[ Iesafrime [ Jam[Jesefrime: [Jam[ |pmfmme [ am[ Iem
Might4 rime: [ lam[ [psajrime [Clam[Iesefrime_ [ Jasa| Jemfrime [Jam[ Jem
Night B [Time: Clane[] ora frisme: [am[Jemfrime: [asa| |emfrime [ Jasa[ Jom
Might & |[Time: [ Jana [ e frime: Uana[denafrime: [ s Jpmafrime: [ ]am[ |em
Might 7 |rime: [ Jara[ ] P Time: _[asa Jevafrime: [ama[ Iemfrime: [Jam[ Jem
Night 8 [times______ [ Jam[ Jesafpime: [lasa[Jesafrime: [Jam[ Jemfrime__ [Jam[ Jem

Activity Monitor Removal Diary

Instructions: In the table below, record any time that you removed the activity monitor from your thigh.
Also record the time when you re-attached the monitor.

What day and time did you What day and time did you re- | Reason for removal:

remove the monitor? attach the monitor?
Date Time Date Tirne Describe in a brief sentence.
{mmsAdid) HH-MM AM/EM {mmsAdid) HH-MM AMPM
/__ [rime Clama[em| 7 | Tizne Clane[Jem

_/ |rime Olanal Jema| 7/ | Tome: Cane[ e

— mame_ [ am[ em|
i mme [ am[ Iem|—f— | [ anme[ Jem
S |mime ClamJen| 7 |mme [ e[ Jem
__/__ |vime: el ema| ¢ | Time: Clana[Jena
i |rime Clanal Jema| /| Tome: Cana[Jema
_ /4 mme_ [am[em|__ s |z Cane[Jema

For Research Personnel
ID: EP Entering Data: RP Reviewing Data:
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PUME
Putative MechanismUnderlying Myocardial Infarction Onset and Emotions
Endo-PAT Testing Data Collection

Date: MM/DD/YY Subject ID: XXXX

Age: Room Temp: Blood Pressure:

Amplitude: Time: Test Arm Probe:

Forearm Cuff Inflation Pressures

Time Point 1: Time Point 2: Time Point 3:
Time Point 4: Time Point 5:

Notes:

RHI Analysis:

Time Point 1 =Test Arm= =
Ctrl Arm

Time Point 2 =Test Arm= =
Ctrl Arm

Time Point 3 =Test Arm= =
Ctrl Arm

Time Point 4 =Test Arm= =
Ctrl Arm

Time Point 5 =Test Arm= =
Ctrl Arm
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APPENDIX F

Study Two and Threelnstruments
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Subject ID

TO BE COMPLETED BY ENDPOINT COMMITTEE

eviewerst [ 2 03 (az naeded)

Reviewer Mame: ~ —

A MACE QUTCOME will be defined by:

PRIMARY MACE EVENT

Martality

Myocardial infarction hospitalization

Unstable angina hospitalization .
Need for urgent PCl or CABG

ADDITIONAL MACE EVENTS

Hospitalization far heart failure

Haospitalization for stroke

Hospitalization for TIA

Hospitalization for major bleeding episode

Hospitalization for elective PCI

Hospitalization for elective CABG

Hospitalization for peripheral arterial revascularization (percutanecus or surgical}

Use the subject's hospitalization chart to answer the following {see next page for definitions):

_ NO YES
Was patient admitted/discharged with an ACS event diagnosis? ......[] O
If YES, please classily the type of ACS:
URSEABIE ANGITE oo eemeees e eesssiins O O
Myocardial Infarction (MI}............. e e O O
If YES to MI, pleasa classily type:
] 5T-segment Elevation
] Non-5T-segment Elevation
[] Bundle Branch Block/Uncertain Type
PULSE Endpoint Committes Page 1 of 5 1140608
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Subject 1D

DEFINITIONS

UNSTABLE ANGINA
Angina pectoris (or equivalent type of ischemic discomfort) with no bicchemical evidence of myocardial
infarction (see below) and any of the following within the past 5 .weeks:
« Angina ocourring at rest and prolonged, usually greater than 20 minutes.
« Mew onset angina of least CCS class || sevearity.
+ Recent acceleration of angina reflected by an increase in saverity of at lzast 1 COS class to at least
CCSclass Il

Class I Ordinary physical activity, such as walking or ciimbing stairs, does not cause angina. Angina ocours
with strenuous, rapid, or prolonged exertion al work or recreation,

Class Il: Slight limitation of ardinary activity. Angina cccurs on walking or climbing stairs rapidly, walking uphill,
walking or climbing stairs after meals, or in cold, in wind, or under emotional stress, or only during the few
hours after awakening. Angina occurs on walking more than 2 blocks on the level and climbing more than 1
flight of ordinary stairs at 2 normal pace and in normal candition.

Class IlI: Markad limitations of ordinary physicakactivity. Angina occurs on walking 1 to 2 blocks on the leval
and climbing 1 flight of stairs in normal conditions and at a normal pace.

Class IV: Inability to perform any physical activity without discomfort—anginal symptoms may be present al
rest.

MYOCARDIAL INFARCTION (M1}
Definad as one of the fallowing:

+ 5T elevalion Ml - Typical rise and gradual fall {troponin) or more rapid rise and fall (CKMB) of
biochemical markers of Ml (see beiow} with new or presumed new ST segment elevation (greater than
or aqual to 0.1 mV) at the J point in 2 or more contiguous leads.

s Mon ST elevation M| - Typical rise and gradual fall {froponin) or more rapid rise and fall (CKMB) of
biochemical markers of Ml (see below) with one of the foliowing {in the absence of ST elevations):

+ 5T segment depression

« T wave abnormalities

* Ischemic symptoms without ST segment depression or T wave abnormalities, in the presence or
absence of chest discomfort (unexplained nausea and vamiting or diaphoresis; persistent
shortness of breath; unexplained weakness, dizziness, lightheadedness, or syncope).

+ Bundle Branch Block/Uncertain Type MI -Typical rise and gradual fall (tfroponin} or more rapid
rise and fall (CKMB) of biochemical markers of myacardial necrosis {see next section} with:
Lefi BEBE (new or old) or paced rhythm. :
The initial ECG findings are not available or the patient presents beyond the time of 5T segment
changes (e.g. grealer than 24 hours).

Biochemical Evidence of Myocardial Infarction (at least one of the following):

» Maximal concentration of trapenin | greater than the MI decision limit on at least 1 occasion during the
first 24 hrs after the index clinical event:

«  Maximal value of CKMB, preferably CKMB mass, greater than upper limit of normal on 2 successive
samples, OR maximal value of CKMEB greater than 2 times the upper limit of normal on 1 occasion
during the first hours afler the index clinical evant.

« Total CK (in absence of troponin or CKMB assay) greater than 2x the uppar lirmit of narmal.

PLULSE Endpaint Commiites Page 2 of 5 11/06/08
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Subject ID _
MOTE: Referance values must be determined in each laboratory by studies using specific assays with
appropriate quality control, as reported in peer-reviewed joumals. Acceptable imprecision {coefficient of
variation} at the 89th percentile for each assay should be defined as less than or equal to 10%. Each
individual laboratory should confirm the rangs of reference values in thelr specific settings.

Upper limits of Normal at CUMC:

Cardiac Troponin | 0.39 no/mlL
CE-MB 5.5 ng/miL
Craatine Kinase {CK) Male: 294 UL

Famale: 238 UL

Faa®

PULSE Endpaint Comimities Page 3of B T10GI0E
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Subject ID

NO YES
Patient admitted/discharged with a diagnosis of heart failure............ ] ]
Patient admitted/discharged with a diagnosis of stroke .. | ]

[Loss of neurclogical function caused by an ischemic ar hemnrrhagm euent with residual sympioms at least 24
hours after the onset. Meuroimaging is not required for the diagnosis of infarci]

Patient admitted/discharged with a diagnosis of TIA .. T | O

[A focal neurclogical deficit (usually corresponding to the terrlmry of a smgia vesseal) that resolves
spontaneously without evidence of residual Eymplnms at 24 hours. Meuroimaging can he positive or negative
far the presence of infarct]

Patient admitted/discharged with a diagnosis of major bleeding....... 1 [l
[TIMI Major bleeding: overt clinical bleeding (or documentad infracranial or retroperitoneal blesding) associated
with a drop in hemaoglobin greater than 5 g/dL or in hematocrit of greater than 15% (absolute).

Cardiovascular Procedures During the Hospitalization
POEPRrformed. ... ..ottt ittt en s e s ] []

If YES, then note status of the PCI

[[] Elective
[The procedure could be deferred without increased risk of comprised outcome)

[] Urgent
[Not elective, not emergent, and pracedure required during same hospitalization
to minimize chance of further clinical deteroration]

[[] Emergent
[Either of the following:

A, Ischemic dysfunction (ongoing ischemia, acute MI, and/or pnlulrz'ln:lnar].-I
edema requiring intubation)
B. Mechanical dysfunction (shock with or without circulatory suppaort)

NOTE: "emergent PCI" as an event will be capiured under ACS events)
Coronary Artery Bypass Surgery Performed............cocen O O
If YES, then note status of the CARG,

[] Elective
[The procedure could be deferred without increased risk of comprised outcome]

[J urgent
[Mot elective, not emeargent, and procedure reguired during same huspltahzallun

te minimize chance of further clinical deterioration)

[] Emergent
FULSE Endpoint Committes Fage 4 of 5 11/06/08
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Subject ID

[Either of the following:
A, Ischermic dysfunction (engeoing ischemia, acute M|, and/or pulmonary
edema raquiring intubstion)
B. Mechanical dysfunction {shock with or without circulatory support)
NOTE: "emergent CABG" as an evenl will be captured under ACS events)
Peripheral Arterial Revascularization..............coooveiceiiviiiecen. O |
[includes pereutansous route or surgery; includes carotid revascularization]

Other Cardiovascular Procedures ................ccooeenn ] O

If YES, please list procedures here:

-

FULSE Endpaint Committes Fage Sof & 110808
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Screening Packet

—dbject Initials;

Staff ID: _ Staff Signature:

Maoandh Dy Yaar

Date (this form completed): / 120

Contains:

Eligibility Form

ACS Symptoms form

BDI

BDI-II {partial)

BDI #8

Mini Mental State Exam (MMSE)
Psychosis Screen

Risk Factors Assessment
AUDIT

Substance Abuse Screening

PULSE Scresning Fage 1 of 29
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ELIGIBILITY FORM

Center: Hosp: ____ Subject ID: Subject Initials:

Staff 1D: Staff Signature:

Date (this form completed): / f20_ Time: : am/pm

Manih Day fEar

ELIGIBILITY
No Yes

1. Prasence of Acute Coronary Syndrome (ACS) categorized by gither unstable

angina of MyoCardial INFAFGHONT ..o ree s ssne s e e s re s s renssmsesn e . O, (i YES: goon)

No Yes

2. Documentation of ACS is photocopied and available for review? Cl, 0, (FYES: goon)

If the patient meets criteria for ACS, please check ahe of the following:

3a. O Unstable Angina

Angina pectoris {or equivalent type of ischemic discomfort) with no biochemical evidence of
myocardial infarction (see below) and any of the following within the past 6 weeks:
a. Angina occurring at rest and prolonged, usually greater than 20 minutes.,
b. New onset angina of least CCS class |l severity.
¢. Recent acceleration of angina reflected by an increase in severity of at least 1
CCS class to at least CCS class Il

Class |: Ordinary physical acfivity, such as walking or climbing stairs, doas not cause angina.
Angina occurs with strenuous, rapid, or prolonged exertion at work or recreation.

Class Il: Slight limitation of ordinary activity. Angina occurs on walking or climbing stairs
rapidly, walking uphill, walking or climbing stairs after meals, or in cold, in wind, or under
emotional stress, or only during the few hours after awakening. Angina occurs on walking
maore than 2 blocks on the level and climbing more than 1 flight of ordinary stairs at a normal
pace and in normal condition.

Class Ill: Marked limitations of ordinary physical activity, Angina occurs on walking 11o 2
blocks on the level and climbing 1 flight of stairs in normal conditions and al a normal pace.

3b. [0 Non-ST-Elevation Myocardial Infarction

Typical rise and gradual fall {troponin} or more rapid rise and fall (CKMEB or CK)} of biochem|cal markers
of myecardial infarction {see below) with one of the following {in the absence of 3T elevations):
a. ST segment depression
b. T wave abnormalities
c. Ischemic sympltoms without ST segment depression or T wave abnoermalities, in the
presence or absance of chest discomfort (other ischemia symptoms include: unexplainsd
nausea and vomiting or diaphoresis; persistent shortness of breath; unexplained weakness,
dizziness, lightheadedness, or syncope).

PULSE Screaning Fage 2 of 29 11/06/08
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3c. [ §T-Elevation Myocardial Infarction

Typical rise and gradual fall {troponin} ar more rapid rise and fall (CKMB or CK)} of biochemical markers
of myocardial infarction (see below) with new or presumed new ST segment elevation (greater than or
equal to 0.1 mV) at the J point in 2 or more contiguous leads,

3d. [0 Bundle Branch Block/Uncertain Type Myocardial Infarction

Typical rise and gradual fall {froponin} or more rapid rise and fall (CKMB or CK) of biochemical markers
of myocardial necrosis (see nex| section) with;
a. Left BBE (new or old) or paced rhythim.
b. The initial ECG findings ara not available or the patient presents beyond tha tima of ST
segment changes {e.g. grealer than 24 hours).

Biochemical Evidence of Myocardial Infarction (at least one of the following):

a.  Maximal concentration of fraponin | greater than the Ml decision limit (positive =0.40
ng/mL at CUMC) on at least 1 oceasion during the first 24 hrs after the index clinical
aveant;

b, Maximal value of CKMB, prefarably CKMB mass, greater than upper limit of normal
(positive > 5.5 ng/mL) on 2 successive samples, OR maximal value of CKMB greater
than 2 times the upper limit of normal (positive > 11 ng/mL at CUMC) on 1 occasion
during the first hours after the index clinical event.

c.  Total CK (in absence of troponin or CKMB assay) greater than 2X the upper limit of normal
(positive > 588 U/L for males; positive > 476 U/L for females).

Upper limits of Normal at CUMC:

Cardiac Troponin | 0.38 ng/mL
CK-ME 5.5 ng/mL
Creatine Kinasa (CK) Male: 294 LWL

Female: 238 U/L

PULSE Screening Page 3 of 29 11/06/08
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4, Physician gave patient participation ... e E_':
5. Patient does not have terminal INess e eveee e s reeeeseessase s renas Og
6. Palient speaks English or Spanish ... Og
7. Patientis over 18 years of 08 ... Cly
8. Patient agrees to screening / GOSNt ... e ceree s snesee s Oy
8. Patient available for fFoloW=Up ... ses s sseeseessssesssssesssssssneees Ly
10. Patient able to complete SCreening ... ieierves s s rere s Ly

Score on AUDIT

11. Patient does not have current alcohaol/substance abuse disorders..... Oy

12, Patient does not have serious cognitive impairments.....oceeceeenines

(For grade level > 8" grade, MMSE < 24; for grade level < 8" grade, MMSE <17)

13. Patient does not have active suicidal or homicidal ideation?............... Oy
{IF ideation is present, insiifule appropriate profocol)

14. Patient does not have current DSM-IV psychotic ..o, o

14a. Any positive symptoms on psychosis screen (current or by history} . [y

14b. If yes, any mitigating factors that convincingly account for symptoms
{madication/drug/alcohal intoximation or withdrawal effects, fever,

or severe ilINess, BlC.) . e e Cly

14c. Does the patient report any psychotic symptoms (current or by history)
that suggest a psychiatric disorder that would rule himfher out of the

10 DR g
15. Patient is Not & PrisSOnEr . e srsss s e ressess s s ssaenanes L0
16, Patient is within screening WingoW ... s ees s sseeeees Ll
17. Patient gualifies for StUdY? ..o sssssssrsnssemssesssssssssmsses L3
18. Patient consents to study? ... g
PULSE Scraening Page 4 of 29
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Yes

Ll (If YES, go o

4 {IFYES, go on}
Oy (I YES, go on)
[J1 {If YES, go on)
[ (If YES, go on)
[, (If YES, go on)
s (If YES, go on)

[, (If YES, go on)

[l (If YES, go on)

O, (If YES, go on)

4 {FYES, go on)

(3

s

Ly
Oy (If YES, go on)

O, {If YES, go on)

(W

04
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If patient does NOT qualify or NOT consent for study, collect the following:

.. Age
2. Sex (check one) 0,y Male [z Female

3. Which of the following best describes ethnicity? (check one)
[l; Hispanic or Latino L1z Mot Hispanic or Latino

%

. Which of the following best describe(s) Race? Chack one

[y White {non-Hispanic)

Ll; White (Hispanic)

O3 Black (non-Hispanic)

[14 Black (Hispanic)

s AsianfIndian

s Asian/Pacific Islander
[y Mative American

O Other
Cly Unknown

[lp Decline to State

FIULSE Screening Page 5 of 20
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Subject 1D

ACS SYMPTOMS FORM

Type of Symptoms (check all that apply):

[} Chest pressure/pain

] Arm or jaw pain

(] Dyspneaishortness of breath
[ 1 Nausea/vorniting

[ syncope

[ Other

Symptom Onset that Prompted Medical Attention:

Date: [ XOGRCAAO00K): / /
Time: POCXG military time): :

[Date and time of the onset of symptoms that prompted the patient to seek medical attention. Symptom cnset
refers to the onsel of cardiac ischemic symptoms related to this acute event, commonly appearing as chesl
pain or pressure, arm or jaw pain, dyspnea, nausealvomiting, or syncope. In the event of stuttering symptoms,
ACS symptom onset is the time at which symptoms became constant in quality or intensity)

First Onset of these Symptoms

Date: (OO0 ! /
Time: (30X military ma): :

[When were above symploms FIRST noticed by patient]

Symptoms came and went, or were continuous?
[] came and went [ Were continuous

If Came and Went, answer the following:
Total Number of Distinct Episodes of Ischemic Symptoms Prior to Admission:

Number of Distinct Episodes of Ischemic Symptoms in the Last 24 hours Prior to
Admission:

When did patient call 911, go to the Emergency Room, or call or go to physician’s office?

Date: (MNOOK): )
Time: (33030 military time):

FLLSE Screaning Page 6 of 20 1106108
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Subject 1D
Psychosis History Screening Questions

“or Staff. For each psychotic symptom coded *3," describe the actual content and the period of time during
‘ch the symplom was present.

For any psycholic and assoclated symploms coded “3," determine whether the symptem is definitely “primary”
or whether there is a possible or definite effologic substance {including medications) or genaral medical
condition.

The following questions may be usefu! if the overview has not already provided the information:
Just before (PSYCHOTIC SXS) began:
-Were you using drugs?
-Were you on any medications?
-Did you drink mere than usual or stop drinking after you had been drinking a lot for a while?
-Were you physically il?

if yas to any of the above: Has there been a time when you had (PSYCHOTIC SXS) and were not (USING
DRUGS [ TAKING MEDICATION / CHANGING YOUR DRINKING HABITS /ILL)7?

Mow | am going to ask you some questions about unusual experiences that people sometimes have.

1. Has it ever. seemed to you like people were talking about you or taking special

FIOHEE OF WOUT ot e a0 s e e sin ke e e meeten e e e rane e v L [ [ [k
If YES: Were you convinced thay were falking about you or did you think
it might have been your imagination? ..., 0 O Ck [k
DESCRIBE: : -

2. What about receiving spacial messages from the TV, radio, or newspaper, or

from the way things were arranged Bround YOUT ... e s eee e en E [ [k [k

3. What about anyone going out of their way to give you & hard time, or trying

B RILIFL WL e et e ettt bt et s e e st e e et sttt e  Th [k [h
DESCRIBE: )

4. Have you ever felt that you were espectally important in some way, or that you had
special powers to do things that other peaple couldn't doT ... e s O [k [k

DESCRIBE:

5. Hawve you ever felt that something was very wrong wilh you physically even though your
doctor said nothing was wrong, like you had cancer or some other terrible disease? ...[ [k [k [k

DESCRIBE:

PULSE Screarning Page 23 of 28 11/06/08
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Subject ID

6. Have you ever heen convinced that something was very wrong with the way a part

or parts of your body looked? ..

7. Did you aver hear things that other people couldn't hear, such as noises, or like voices

of people whispering or talking? {(Were you awake at the time?)

Ta. If YES: What did you hear? How often did you hear it?

DESCRIBE:

7b. If VOICES: Did they comment on what you were doing or thinking? ... bk [ s [k [k

7. If VOICES: How many voices did you hear? Were they talking to each other? L [ [k

8. Did you ever have visions or see things that other people couldn't?

(Were you awake at the time?)

NOTE: Distinguish from an liusion, Le. a misperception of a real exfernal sfimulus,

n

DESCRIBE:

9, What about strange sensations in your body or on your skin? ..o Iy Ch Lk
DESCRIBE: -

Was any ifem coded “3" I “Brimary™ SEOHOMT ....coov.eeeeeee e eeeiseeeessesas s st asas e e s smsns e O Ck

10, IF A MAJOR DEPRESSIVE OR MANIC EPISODE HAS EVER BEEN PRESENT:

Has there ever been a time when you had (PSYCHOTIC SX35) and you were not

(DEPRESSED f MANIC)? oo et O [k
?=inadequate information 1=absent or false 2=subthreshold 3=threshold or true

PULSE Screening Page 24 of 29 110608
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No Xes
Any positive symptoms on psychosis screen (current or by history)? ..oooveeveeee [ ]
12, If YES, any miligaling factors that convincingly account for symptoms {medication/
drugfalcohol intoxication or withdrawal effects, fever or severe illness, ele)? e | 1

13. Does the pafient report any psychotic symptoms (current or by history) that suggest
a psychiatric disorder that would rule him or her out of the study? ..o
(THIS ITEM SHOULD GO TO THE ELIGIBILITY PAGE)

PULSE Screening Page 25 of 20
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AUDIT

The following statements describe how people sometimes feel or act. For each statement, please

iicate how often you feel or act the way described. Remember, your answers should reflect haw

you generally feel or act,

Be sure to read all the statements in each group before making your choice,

1.

How often do you have a drink containing alcohol?

L, Never [l 2 to 4 times amonth [, 4 or more times a week
O, Monthly or less [0, 2 to 3 times a week

How many drinks containing aleohol do you have on a typical day when you are drinking?
Ci.1or2 O.5or6 [l 10 or more

Lh3or4d [, 7to9

How often do you have six or more drinks on one cccasion?

Ul Never U: Monthly [, Daily or almost daily

£, = Monthly Ol Waekly

SCORE on items 1,2, and 3:

“*SCORE on ahova items is > 6 AND score-on item 3 Is > 41, then CONTINUE,

4. How often during the last year have you found that you were not able to stop drinking once you
had started?
s Mever 3, Monthly L. Daily or almost daily
[, = Monthly O, Weekly
5. How often during the last year have you failed to do what was normally expected of you because
of drinking?
. Never 1, Monthly L1, Daily or almost daily
O, = Monthly Ch Weskly
6. How often during the last year have you needed a first drink in the morning to get yourself going
after a heavy drinking session?
O, Newver [ Monthly [, Daily or almast daily
1, = Monthly 3, Weekly
7. How often during the last vear have you had a feeling of guilt or remarse after drinking?
[y Maver Cl, Monthly L1 Daily or almost daily
£, = Monthly 0. Weekly
PULSE Screening Page 27 of 20 11706408
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8. How often during the last year have you been unable to remember what happened the night
before because you had been drinking?

O, Never 0. Monthly O, Daily or almost daily
O, = Monthly [, Weekly

9. Have you or someone else been injured as a result of your drinking?

[, Mo 1. Yes, during the last year.
. Yes, but not In the last year

10. Has a relative or a friend or a doctor or another health worker been concemad about your
drinking or suggested you cut down?

O, Me O, Yes, during the last year.
[, Yes, but not in the last year

SCORE on items 1-10:
(A score of > 8 is a rule-out far the study]

PULSE Scresning Pane 28 of 28 11/06/08
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") PRESCRIPTION MEDICATIONS
fan

haleyon

Walium

Codeine

Cortisone

(2) CANNABIS
Hashish

{3) BARBITURATES
Quaalude

{4) STIMULANTS
Amphetamine
(o]

{5) OPIOIDS
Morphine
Dilaudic
Other

{6) COCAINE
[ rack
i

(7} HALLUCINOGENS - PCP
Angel Dusl

LSD

PCP

5TP

(8) OTHER
Amyl or butyl nitrate
Paint

Rule out the following:

Subject ID

Substance Abuse Screening

Restaril

Librium

Other Sleeping Medication
Darvon

Other Steroid

Marijuana

Saconal

Crystal Meth
Spead

Opium
Herain

Freehase
Speedball

DA
Mescaline
Peyole
Other

Glug

Dalmans
Miltown
Inhalants
Percodan
Ritalin

THC

Other Barbiturates

Dexadrine
Other

Dameral
Methadona

Intranasal
Other

Ecstasy
Mushrooms
Psilocybin

Mitrous oxideflaughing gas

1. Palients who indicate using more than prescribed or becoming dependent for category 1in last 3

months

2. Patients who indicate abuse of category 2 in last 3 months (> 8 fimes/month)
Palients who indicate chronic use of category 5in last 3 months

4. Palients who indicate use of categories 3-4, 8-8 in last 3 months

Reminder to RA: Do not record drug name(s} or drug class

FULSE Screening

Fage 20 of 29
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Baseline Packet — BY SUBJECT REPORT ONLY

bject Initials:

Staff ID: _ Staff Signature:

Date (this form completed): ! f20 Time: . amfpm
Prih Dhary Year

Contains:

General Release

Subject Contact

Demographics

Charlson Index Questions

Cardiovascular Disease History Questions

ESSI

PHQg

Medication Beliafs (BMQ)

Self-efficacy and Perceived Risk
"l Signals Form

. «dSignals Instructions

PULSE Baseline (Subject Packat) Page 1 of 19 11106108
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General Release
CovLumpia UniversiTy Senter for Behavioral
. . Cardiovascular Health
Mensoar Cunren Division of G:llaneral Medicine
A22 West 168" Sireat, PHS-941
CENTERFOR  hew York, NY 10032
CARDIOWASCULAR 212,342, 4493 Tel
_ HEATH 212,305.3172 Fax

wiwew, behadoralhearihepih.ong

In the event of a future hospitalization, |, __
hereby authorize you to release to the Columbia University Cullaga of Physicians and Surgeons

[ 1A discharge summary for my hospitalization on

[ 1Medical records pertaining to my hospitalization on
which include the following information:
a) Discharge Report
b} Procedure Reports including cath, Echo, stress tast
¢} Copy of my admission EKG
d} Copy of my discharge EKG
&) Lab work, including cardiac enzymes
) Hospitalization summary list with |CD® codes for diagnosis
g) Medication lists (outpatient and discharge, if available)

[ ]Other

Patient Name: Date of Birth:
Patient Address: .

Social Security Number: —

Signature of Patient Date

SEND RECORDS TO:
Dorota Gruber MS, GC
Director of Research
Center for Behavioral Cardiovascular Hezalth
Division of General Medicine
f22 West 168" Street, PHI-941
Mew York, NY 10032

PULSE Bassline (Subject Packel) Page 2 of 19 11/06M08
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SUBJECT CONTACT INFORMATION

“anter: Hosp: Subject |D: Subject Initials:
Staff 1D: Staff Signature:
Date {this form completed). [/ 20 Time: : amipm
Month Day Year
Hosp. Adm. Date:  /  j20 Hosp. Discharge Date: /20
Moanlk Chay Year fdonth Dy Yaar
1. Last Mame; - 2. First Name:

3. Social Security Mumbar: - -

4, Date of Enrollment: ____ h20

wlonilh Day Yaar

5. Hospital Record Mumber {MREN):

6. Dateof Birth: ____ /__ /19
Maonih Dy Year
7. Phone numbers:  ( ) . | S -
Hosma Mumbber Winrk Mumbsr
({ } - { ) -
Coill Mupnder Oihar Mumber

8. Mailing Address:

Slraal Address Line 1

Slreal Addrass Line 2

Gy Tevwn Glale Zip Code

PULSE Baseline (Subject Packeat) Page 3 of 19 11/06/08
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DEMOGRAPHICS
1. Date of Birth: __ (/19 _
Maonth Dy h{:"
2, Sex (check ona) 1, iale L. Female

3. Which of the following best describes your ethnicity? (check one)
3, Hispanic or Latino [, Mot Hispanic or Latino

4. Which of the following best describe(s) your Race? (check one or more)

0, White {non-Hispanic) Ul Asian/Pacific |slander
[, White (Hispanic) [, Mative American
[, Black {non-Hispanic) L1, Other
[, Black {Hispanic) . Unknown
(. Asian/indian O, Decline to Stats
4a. Were you born outside of the United States? jcheck one) [, Na O, Yes
4b. If Yes, how long have you lived in the United States?
YEErs Mionihs

4e. Do you consider English your native language? (sheck one) [, No L, ves
4d. How well do you speak English?

1, Mot at all

O, Poorly

O, Well

[, Very well

5. What is your partner status? {check one)
[, Single
], Pariner { Spouse
[, Separated
1 Widowed
[, Divorced

5b. For how long have you been fiving with your spouse or partner?

‘foars Muoriths

6. What is the highest grade (or year) of regular school you have completed? (check one)

Elementary School High School College Graduate School
o o9 O 130 17 0
oz O 10 [ 140 18 0
o3 [0 1100 150 18 0
oa [ 12 16 [ 20+[]
ps O
og O
or O
pa [
PULSE Basaline [Subject Packet) Page 6 of 19 110608
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7. What is the highest degree you earned? jcheck one)
[, High school diploma or equivalency (GED)
[, Associate degree {junior college)
[J; Bachalor's degree
., Master's degree
Lls Doctorate
[, Professional (MD, JD, DDS, etc.)
Ll; Other (specily) ) R
. Mone of the above (less than high school)

8. Which of the following best describes your main daily activities and /or responsibilities? (MNote:
Question is repeated al each follow-up.) fcheck cnep

[, Waorking full time

O, Working part-time

[l: Unemployed or laid off

L), Looking for work

[y Keeaping house or children full-tima

[J: Retired

9. With regard to your current or most recent job activity:
9a. In what kind of business or industry do (did) you work?

{For example: hospital, newspaper publishing, mail order house, auto engina, manufacturing. )

9b. What kind of work do (did) you do? (Job Title)
[, Executive / Administrator / Managar
(. Professional
[, Techniclian
O, Marketing / Sales
[]; Administrative Suppori, Clarical
[, Servica
[, Agriculture [ Foreslry
[, Craft and Repair
[l Operator / Laborer
[0y, Other

9¢. How much did you earn from all employers, before taxes and other deductions, during the
past 12 months? (chack ona)
[, Less than $5,000
[, $5,000 through $11,2929
[1. $12,000 through $15,999
[, §16,000 through $24,999
e $25,000 through $34,959
[l $35,000 through $42,000
[, $50,000 through $74,999
O, $75,000 through $29,509
Oy 100,000 through 149,999
D 150,000 through 249,999
04:%250,000 and greater
42 Don't know
[1y3 Mo response

PULSE Baseling (Subject Facket) Paga 7 of 18 110608
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13c. How long does it take you to get directly from home to your usual source of medical
care? minutes

14. There are several government programs which provide medical care or help pay medical bills.

NO YES  NotSure/Refused

14a. Are you covered by Medicare or Medicald?.................. O [ O
14b. Are you covered by CHAMPUS, VA, or military
health care? ... O O O
15. In the past two years, have you always had health insurance

or other coverage for medical care? .......ccccevievvvevicicnvesersereeienes | LI [
If MO
15a. For how much time during the past two years did you not have coverage?

years months

16. Was there anytime during the past two years when you
did not seek medical care because it was too expensive
or health insurance did not cover it?
Do not include dental Gare. . e O O O

17. Overall, how hard has it been for you to get the health services you have needed? (READ
“ATEGORIES 1-4.)

[ Wery hard

[, Fairly hard

[, Mot too hard

. Mot hard at all

0. Mo answer

For the next set of questions, health insurance coverage refers to health Insurance (like Blue
Cross/Blue Shield) or participation in an HMO. Other than government programs, health insurance
can be obtained through an employer, union, or school.

18a. Are you covered by health insurance of this type?................ (] [ O
18b. Are you self-insured? That is, do you or someone else pay
totally for your health insurance? ... ... [ c 0O
PULSE Baseline (Subject Packef) Pags 9 af 19 110608
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CHARLSON INDEX QUESTIONS

NO YES MAYBE
1. Chronic Lung Disease .. . |:| -D- L]
fe.g. asthma, chronic obstmctwe pulmonar'_-,.r dlsease chmnn:: I:-mn:;:hltls emphysemal
2. Chronic Kidney Disease ..., ] ] ]
3, History of Liver DiSease .........cceciiiiciieoieeeeeee e ] ] ]

3a. If YES, then answer the following:

[ ] mild {e.g. chronic hepatitis, or cirrhosis without complications such as varices, portal
hypertension, encephalopathy, Gl bleeding)

[ ] Moderate/Severe (e.g. cirrhosis with complications such as varices, portal hypertension,
encephalopathy, Gl bleeding)

4. Rheumatologic DISBase .........ccveveeeereeeeeee oo e, [] L1 ]
[e.g. lupus (SLE), polymyagia rheumatica (PMR), polymyositis, moderate to severe rheumatoid
arthritis (RA), mixed connective tissue disease, scleroderma) Please note: osteoarthritis does not
count as a rheumatologic disease.

5. History of Peptic Ulcer Disease Requiring Treatment .......... ] ] ]

[requiring treatment for ulcer or history of Gl blead due to ulcer] Please note: gastritis without ulcer
disease does not count as Peptic Ulcer Disease here.

6. History of Any Solid Tumor (Benign or Cancer).................... ] ] 1
[e.g. breast, lung, colon, prostate, brain, etc)

Ba. If YES, then check any that apply:

[ Benign oo Typeis:
[ Caneer e eseeen TYPE(S):
6b. If Cancer, History of Metastases..........cccocovevevnensienns ] ]
7. History of Leukemia (blood cancer) ...............cocoooiveeoerin, 'l ] ]

[i.e. AML, CML, ALL, CLL, polycythemia vera]

8. History of Lymphoma (lymph node cancer)... . .4 ] ]
[e.g. Hodgkins, lymphosarcoma, Waldenstrom's macroglubulmemla myeloma, and other lymphomas)

9. History of Thyroid DISease...............cc.ccooeiceeviveciicvenicsciesenn | ] ]

If YES, then answer the following:
[ Hyperthyroidism
[] Hypaothyroidism

PULSE Baseline {Subject Packet) Fage 10 of 15 110608
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CARDIOVASCULAR DISEASE HISTORY QUESTIONS

NO YES MAYBE
1. Prior Angina... . L] L]

["Angina” refers tc: ewdance or knuw[edge Df S}fmpmms before thls acute event described as chest
pain or pressure, jaw pain, arm pain, or other equivalent discomfort suggestive of cardiac ischemia]

1a. If YES, then choose one of the following:
[] Existed = 2 weeks before admission
[ ] Existed = 2 weeks before admission

2. Previous Myocardial Infarction .. [ L] ]
[Diagnosed by physician and hDSpI[EllIZEd fcrr myocardtal |nfarcl|0n]

3. Prior Percutaneous Coronary Intervention .........ccoeeeveevveeveeeen. ] L] L]

Ja. FYES, most recent PCI date (3O0000K): / !

4. Prior Coronary Artery Bypass SUNgery ........cccccovoveivinieiins ] M| ]

4a, IF YES, most recent CABG data (MO0 / /

5. HISTOIY OF SEFOKE ..oooooroeoeeceooeeee et ese e cae s nsmene e O ] Il
fa. IT YES, then answer the following:
HEMDIEOIA oot a e ] O
B, HISEOIY OF TIHA ..o ssssss e s e 1 O W

[A focal neuralagical deficit {usually corresponding to the territory of a single vessel) that resolves
spontaneously without evidence of residual symptoms at 24 hours]

7. History of Peripheral Arterial Disease .. .4 O ]
[Peripheral arterial disease can include the fellc:wmg {1} Claudlcatmn githar with exertion or at rest
{2) Amputation for arterial vascular insufficiency (3} Vascular reconstruction, bypass surgery, or
percutanacus intervention to the extremities (4) Documented aortic aneurysm (5) Positive
noninvasive test (e.g., ankle brachial index lass than 0.8).

8. Prior Congestive Heart Failure ..................cccoooiceiiicie O a ]

8a. If YES, then classily heart failure:

[ NYHA Class | — No symptoms and no limitation in ordinary physical activity {e.g. shorlness
of breath when walking, climbing stairs etc).

[ NYHA Class Il — Mild symptoms (mild shortness of breath and/or angina) and slight
limitation during ardinary activity.

[ NYHA Class lll — Marked limitation in activity due to symptoms, even during less-than-
ordinary activity. Comfortable only at rest.

[ NYHA Class IV — Severe limitations. Experiences symptoms at rest. Inability to carry our
physical activity or symptams at rest.

PULSE Bazeline {Subject Packet) Page 11 of 19 110608
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In the three months prior to this hospitalization:

No Yes Unknown

9. Wara you exercising reguIaFY? ........c..ooceivcves e seee e ] ] ]
10. Were you following a low-cholesterol, low-fat diet? .........ccccooeivvenennn. ] 1 ]
11. Were you participating in a cardiac rehabilitation program?........_____. ] ] M
12, Many people do not take their medications perfectly. In the

three months before this hospitalization, did you ever miss

taking your MediCationNST oo ee et e s ] ]
13. Did any medical professional discuss with you the

importance of taking your medications?.........ccoooeeevecveiec [ ] a
14. Were you taking aspitin on a daily basis during the 7 days

before you came o the hospPItaIT7 ... 1 ]
PULSE Baseline (Subject Packet) Page 12 of 10 11/08708
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CARMOLOGISTS ACS CLASSIFICATION FORM

Date form completed:

WD completing form:

Does patient meet eligibility criteria for ACS? [INO [JYES
IFYES, please classify the type of ACS;
Unstable Angina [N []v¥Es
Myocardial Infarction (MI) [nNo [IvEs
IFYES to ML please classify type:
[ ] 8T-segment Elevation

[] Non-5T-segment Elevation
[ ] Bundle Branch Block/Uncertain Type

Comments:

PULSE ACS Classification Page 1 of 3 [ 10608
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DEFINITIONS

UNSTABLE ANGINA
Anging pecloris {or equivalent type of ischemic discomfort) with no biochemical
evidence of myocardial infarction (see below) and any of the following within the past 6
weeks:

« Angina oceurring at rest and prolonged, vsually greater than 20 minutes.

= DMNew onset angina of least CCS class 11 severity,

» Recent acceleration of angina reflected by an increase in severity of at least 1

CCS class to at least CCS class 1L

Class I: Ordinary phiysical activity, such as walking or climbing stairs, does not cause
angirae. Angina oceurs with strenuous, rapid, or prolonged exertion at work or recreation,
Class II: Slight limitation of ordinary activity. Angina oceurs on walking or climbing
stairs rapidly, walking uphill, walking or climbing stairs after meals, or in cold, in wind,
or under emotional stress, or only dwing the few hours afler awakening. Angina occurs
on walking more than 2 blocks on the level and climbing more than 1 light of ordinary
stairs at a normal pace and in normal condition.

Class TII: Marked limitations of ordinary physical activity, Angina occurs on walking 1
to 2 bloclks on the level and climbing 1 flight of stairs in normal conditions and at a
normal pace,

Class 1V: Inability to perform any physical activity without discomfort—anginal
symptoms may be present at rest,

MYOCARDIAL INFARCTION (MT)

Defined as one of the following;

* ST elevation MI - Typical rise and gradual fall {troponin) or more rapid rise and
tall (CKMB} of biochemical markers of MT (see below) with new or presumed
new 5T sepment elevation (greater than or equal to 0.1 mV) at the J point in 2 or
more contiguous leads,

« Non ST elevation MI - Typical rise and gradual fall (troponin) or more rapid rise
and fall (CKMB}) of hiochemical markers of MI (see below) with one of the
following (in the absence of ST elevations):

* 5T segment depression

¢ T owave abnormalities

¢ Jachemic symptoms without 8T segment depression or T wave
abnormalities, in the presence or absence of chest discomfort {unexplained
nauses and vomiting or diaphoresis; persistent shortness of breath;
unexplained weakness, dizziness, lightheadedness, or syncope).

. Bundle Branch Block/Uncertain Type MI -Typical rise and gradual fall
{troponind or more rapid rise and fall (CKMB) of biochemical markers of
miyocardial necrosis (see next section) with;

+ Left BBB (new or old) or paced rhythm.
*  The initial ECG findings are not available or the patient presents beyond
the time of ST segment changes (e.g. greater than 24 hours),

PULSE ACS Classilication Page 2 of 3 1116
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Biochemical Evidence of Myocardial Infarction (at least one of the following):

o Maximal concentration of roponin I greater than the MI decision limit (positive
20,40 ng/mL at CUMC) on at least 1 occasion during the first 24 hrs after the
index clinical event:

o Maximal value of CKMB, preferably CKMB mass, greater than upper limit of
normal {positive > 5.5 ng/mL) on 2 successive samples, OR maximal value of
CEMB greater than 2 times the upper limit of normal (positive = 11 ng/mL at
CUMC) on 1 occasion during the first hours after the index clinical event.

¢ Total CK (in absence of troponin or CKMB assay) greater than 22X the upper limit
(positive > 588 U/L for males; positive = 476 U/L for females) of normal.

Upper limits of Mormal at CUMC:

Cardiac Troponin 1 0.39 ng/mL
CK-MB 5.5 ng/mL
Creatine Kinase (CK) Male: 294 TIL

Female: 238 T/L

PULSE ACS Classification Paged of 3 11/
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ALL ITEMS TO BE DETERMINED BY CHART EXTRACTION
MEDICAL HISTORY AND CO-MOREID ILLNESS

RISK FACTORS

1. Hypertension D Documentation as Positive History (YES)
[:] Documentation as Negative History (NO)
[ ]No Documentation of Positive or Negative History (UNKNOWN)
|:| Unclear Documentation (Maybe)

[As documented by at least one of the following: (1) History of hypertension diagnosed by a
health care provider, (2) Blood pressure greater than 140 mmHg systolic or 90 mmHg diastolic
on at least 2 pecasions, (3) Current use of antihypertensive pharmacological therapy]

2. Diabetes |:] [ocumentation as Positive History (YES)
[ ] Documentation as Negative History (NO)
|:] Mo Documentation of Positive or Negative History (UNKNOWN)
[ ] Unclear Documentation (Maybe)

[History of diabetes, diagnosed and/or treated by a health care provider]

If YES, then answer the following:
2a. Type of diabetic control (check all that apply):

[ INone Dniet |:|Orﬂl agent [ ] Insulin

2b, Evidence of chronic complications {check all that apply):

[INene [JEBye [ IKidney [INerves

3. Dyslipidemia D Documentation as Positive History (YES)
D Documentation as Negative History (NO)
D Mo Documentation of Positive or Negative History (UNEKNOWN)
[ ] Unclear Documentation {(Maybe)

[History of dyslipidemia diagnosed and/or treated by a health care provider]

4. History of Cigarette Smoking
L__I Documentation as Positive History (YES)
|| Documentation as Negative History (NO)
[ No Documentation of Positive or Negative History (UNKNOWN)
D Unclear Documentation (Maybe)

4a. If YES, then choose from one of the following:

D Current {within 1 month of this admission}
PULSE Baseline Medical Hx {Chart only) Page 1 of 26 14/06/08
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[ | Recent {stopped 1T month to 1 year before this admission})
[ | Former (stopped =1 year before this admission)

4b. Tf YES, also answer the following:
¥ Years Smoked:
# Cigarettes/Day: _

5. Family History of Coronary Disease
r__| Documentation as Positive History (YES)
|| Documentation as Negative History (NO)
|:| No Documentation of Positive or Negative History (UNKNOWN)
[ ] Unclear Documentation (Maybe)

[Any direct bload relatives (parents, siblings, children) who have had any of the following at
age less than 55 years: (1) Angina (2) Myocardial Infarction, (3)Sudden cardiac death without
obvious cause)

CARDIOVASCULAR DISEASE HISTORY

6. Prior Angina
[ ] Documentation as Positive History (YES)
D Documentation as Negative History (NO)
[:I No Documentation of Positive or Negative History (UNKNOWN)
[] Unclear Documentation {Maybe)

[“Angina” refers to evidence or knowledge of symptoms before this acute event described as
chest pain or pressure, jaw pain, arm pain, or other equivalent discomfort suggestive of
cardiac ischemia

6a. If YES, then choose one of the following:

D Existed = 2 weeks before admission

Ej Existed < 2 weeks before admission

7. Previous Myocardial Infarction
|:| Documentation as Positive History (YES)
|:| Documentation as Negative History (NO)
D No Documentation of Positive or Negative History (UNENOWN)
D Unclear Documentation (Maybe)

|Diagnosed by physician and hospitalized for myocardial infarction |

8. Prior Percutaneous Coronary Intervention
[_] Documentation as Positive I Tistory (YES)

PULSE Basaline Medical Hx {Chart only) Page 2 of 26 11/06/08
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| | Documentation as Negative History (NCY)
|| No Documentation of Positive or Negative History (UNKNOWN)
|:| Unclear Documentation {Maybe)

Sa. If YES, most recent PCT date JOCOOC): P

9, Prior Coronary Artery Bypass Surgery
Documentation as Positive History (YES)
D Documentation as Negative History [NOY)
[ ] No Documentation of Positive or Negative History (TNKNOWN)
I___| Unclear Documentation (Maybe)

Za. If YES, most recent CABG date (X020 ) !
10. History of Stroke

Documentation as Positive History (YES)
[ ] Documentation as Ne gative History (NOY}
[ ] No Documentation of Positive or Negative History (UNKNOWN)
|| Undlear Documentation (Maybe)

10a. If YES, then answer the following:
Hemiplegia D No[_] Yes

11. History of TIA
|:| Documentation as Positive History (YES)
|:| Documentation as Megative History (NO)
|:| No Documentation of Positive or Negative History (UNKNOWN)
D Unelear Documentation {Maybe)

[A focal neurological deficit (usually corresponding to the territory of a single vessel} that

resolves
spontaneously without evidence of residual symptoms at 24 hours|

12. History of Peripheral Arterial Disease
[ ] Documentation as Positive History {YES)
|:| Documentation as Negative History (INOY)
|:| No Documentation of Positive or Negative History (UNKMNOWN)
|:| Unelear Documentation {(Maybe)

[Peripheral arterial disease can include the following: (1) Claudication, either with exertion or
at rest (2) Amputation for arterial vascular insufficiency (3) Vascular reconstruction, bypass
surgery, or percutaneous intervention to the extremities (4) Documented aortic aneurysin (5)
Positive noninvasive test (e.g., ankle brachial index less than 0.8).

PULSE Basefing Medical Hx (Charl only) Page 3 of 26 11/06G08
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13, Prior Congestive Heart Failure
|:| Documentation as Positive History (YES)
[ ] Documentation as Megative History (NOY)
|:! No Documentation of Positive or Negative History (UNKNOWN)
|:f Unclear Documentation {(Maybe)

If YES, then dlassify heart failure:

[ INYHA Class 1-No symptoms and no lmitation in ordinary physical
activity (e.g. shortness of breath when walking, climbing stairs ete),

E:I NYHA Class [T - Mild symptoms (mild shoriness of breath andfor
angina) and slight imitation during ordinary activity.

[ INYHA Class Il - Marked limitation in activity due to symptoms, even
during less-than-ordinary activity. Comfortable only at rest.

[ ] NYHA Class IV - Severe limitations. Experiences symptoms at rest.
Inability to carry our physical activity or symptoms at rest.

PLLSE Baseling Medical Hx {Chart only) Page 4 of 26 11/06/08
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OTHER MEDICAL HISTORY
14. Chronic Lung Disease
':I Documentation as Positive History (YES)
|:| Drocumentation as Negative History (N0
|:] No Documentation of Positive or Megative History (UNEKNOWN)
D Unclear Documentation (Maybe)

[e.g. asthma, chronic obstructive pulmonary disease, chronic bronchitis, emphysemal

15, Chronic Kidney Disease

:| Documentation as Positive History (YES)

:| Documentation as Negative History (NOY)

:| Mo Documentation of Positive or Megative History (UNEKMOWIN)
:| Unclear Documentation {(Maybe)

15a. If YES, then answer the following:

[ mild (e.g. initial® hospital creatinine = 3.0)

j Moderate/Severe (e.g. initial* hospital creatinine > 3.0, on dialysis,
and/or received kidney transplant}

* Initinl = First Value During Hospitalization

16. History of Liver Disease
|:| Documentation as Positive History (YES)
|:| Documentation as Negative History (WO
]:I Mo Documentation of Positive or Negative History (UNENOWN)
D Unclear Documentation (Maybe)

16a. If YES, then answer the following:

[ ] mild {e.g. chronic hepatitis, or cirrhosis without complications such as
varices, portal hypertension, encephalopathy, GI bleeding)

D Moderate/Severe (e.g. cirrhosis with complications such as varices,
portal hypertension, encephalopathy, GI bleeding)

17. Rheumatologic Disease
D Documentation as Positive History (YES)
D Deocumentation as Negative History (INO)
|:| Mo Documentation of Positive or Negative History (UNKNOWN)

|:| Unclear Documentation (Mayhbe)

le.g. lupus (SLE), polymyagia rheumatica (PMR), polymyositis, moderate to severe
rheumatoid arthritis (RA), mixed connective tissue disease, scleroderma) Please note:
osteoarthritis does not count as a rheumatologic disease,

FLLSE Baseline Medical Hx {Chart only) Page 5 of 26 11/08/08
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18. History of Peptic Ulcer Disease Requiring Treatment
|:| Documentation as Positive History (YES)
D Documentation as Megative History (NOY)
|:| Mo Documentation of Positive or Negative History (UNKNOWN)
D Unclear Documentation (Maybe)

[requiring treatment for ulcer or history of GI bleed due to ulcer] Please note: gastritis without
ulcer disease does not count as Peptic Ulcer Disease here.

12, Acquired Immunodeficiency Syndrome
[REMINDER: OBTAIN BY CHART ONLY]
|:i Documentation as Positive History {YES)
|:| Documentation as Negative History (WO
I:I Mo Documentation of Positive or Negative History (UNKNOWN)
[ ] Unclear Documentation (Ma vhe)

[i.e. not including those with asymptomatic HIV+]

20. History of Any Solid Tumor (Benign or Cancer)
Diocumentation as Positive History (YES)
E Documentation as Negative History (INO)
EI Mo Dacumentation of Positive or Negative History (UNKNOWN)
D Unclear Documentation {(Maybe)

[e.g. breast, hung, colon, prostate, brain, ekc]

20a. If YES, then check any that apply:
m Benign Type(s):
[Jcancer Type(sy:

20b. If Cancer, History of Metastases |:| NOI:‘ Yes

21. History of Leukemia (blood cancer)
D Documentation as Positive History {YES)
D Documentation as Negative History (INO)
[ ] No Documentation of Pesitive or Negative History (UNKNOWN)
|:| Unclear Docuwmentation (Maybe)

[Le. AML, CML, ALL, CLL, polycythemia vera]
22, History of Lymphoma (lymph node cancer)
Documentation as Positive History (YES)

[ ] Documentation as Negative History (NO}

PULSE Bazeline Medical Hx {Charl only) Page 7 of 26 11/06/08
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[ ] No Documentation of Positive or Negative History (UNKNOWN)
D Unclear Documentation (Maybe)

[e.g. Hodgkins, lymphosarcoma, Waldenstrom's macroglobulinemia, myeloma, and other
lymphomas]

23, History of Thyroid Disease
D Documentation as Positive History (YES)
[ 1 Documentation as Megative History (NO)
D No Documentation of Positive or Negative History (UNKNOWN)
[ ] Unclear Documentation (Maybe)

23a. If YES, then answer the following:
[] Hyperthyroidism
] Hypothyroidism

24. OTHER MISCELLANEOUS MEDICAL HISTORY [ INo[_] Yes
If YES, then list diagnoses here:

PULSE Baseline Medical Hx (Charl anly) Page 8 of 26 11/06/08
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B. CLINICAL PRESENTATION
25. Height (inches):
26. Weight {Ibs):
27. First Presentation to Hospital:
27a, Date; OO0 __ /.

27b. Time: (X300 military time): :
[Date and time the patient first presented to the hospital]

28, Transferred from Another Hospital |:| YES D NC

28a. If YES, date of transfer to this hospital. Drate: (002000000
! /

29, Date of First Confirmation of the Diagnosis of ACS
Date: (OO f -

30. Date of Discharge
Date: (XOUXXDOXXY: | f

31. Blood Pressure and Heart Rate at Initial Hospital Presentation
31a. Resting Heart Rate (bpm):
Heart rate (beats per minute) at initial hospital presentation
31b. Systolic/Diastolic blood pressure (mmHg): /
Supine blood pressure at initial hospital presentation

32. Killip Class at the Time of Initial Hospital Presentation
Choose one of the following based on the clinical status at the time of first presentation (blood
pressure and heart rate are based on above values):
[ | Class 1: Absence of rales over the lung fields and absence of 53 (no heart [ailure)
E] Class 2: Rales over 50% or less of the lung fields or the presence of an 53
i:| Class 3: Rales over more than 50% of the lung fields
[ ] Class 4: Cardiogenic shock

[Clinical criteria for cardiogenic shock are hypotension (a systolic blood pressure of less than
90 mmHg for at least 30 minutes or the need for supportive measures to maintain a systolic
blood pressure of greater than or equal to %0 mmHg), end-organ hypoperfusion (cool

PULSE Baseline Meadical Hx (Charl onhy) Fage 9 of 26 11/06H08
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extremities or a urine output of less than 30 ml/h, and a heart rate of greater than or equal to 60
beats per minute))

PULSE Baseline Medical Hx (Chart anly) Page 10 of 26 1110608
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33. Cardiac Arrest at Initial Hospital Arrival |:| NoD Yes

Blood Pressure and Heart Rate at Hospital Discharge
33a. Heart Rate (bpm): __
[Heart rate (beats per minute) should be the recording that was done last
at hospital discharge]
33b, Systolic/THastolic blood pressure (mmHg): !
[Supine blood pressure should be the recording that was done last at
hospital discharge]

PULSE Bazeline Medical Hx {Chart anly) Page 11 of 26 1110608
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€.  FINDINGS OF INITIAL FKG PERFORMED FOR ACUTE EPISODE
34. EKG Available [ | No| | Yes

35. EKG Changes

than

36. Paced Rhythm

[f YES, date and time of EKG:

3da. Drate: OO0 f !

3db. Time: (XX XX; military time): :

] NuD Yes

35a. If YES, check type(s) of EKG changes (check all that apply):

[] ST-segment elevation greater than or egual to 0.1 mV elevation in 2 or
maore contiguous leads

D Inferior leads (11, 1I, AVE)

D Anterior leads (V1 to V4)

|:| Lateral leads (I, aVL, V5 to Va)

|:| True posterior (V1, V2) with tall R waves in these leads

D Q) waves greater than or equal to (.04 seconds in width and greater
or equal to 0.1 mV in depth in at least 2 contiguous leads

[ Inferior leads (11, 11T, AVF)

[ ] Anterior leads (V1 to V4)

D Lateral leads (1, aVL, V5 to Vé)

|:| True posterior (tall K waves in V1 V2)

[ ]8T-segment depression of at least 0.05 mV in 2 more contiguous leads
{includes reciprocal changes)

I:I T-wave inversion of at least 0.1 mV

[:I Mo |:| Yes

37. Atrial fibrillation or flutter [ | No []Yes

38. Bundle-branch Block [ INo []Yes

38a. If YES, then answer questions about type and timing:

[IreBB [ ] LBBB

[ New [Joud ["] Unknown liming

FULSE Baseline Medical Hx (Chart anly) Page 12 of 26 11/06/08
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D. LABORATORY TESTS
39. Troponin I Assessment Performed E:i Mo []ves

£ YES, fill out the following:
39 Initial Troponin I at First Presentation to Hospital: ng/mL

39b. Peak Troponin | During Hospitalization: o mig/mL
(peak prior to PCTor CABG if done)

40. CK Assessment Performed |:| Mo |:| Yes

If YES, fill out the following:
40a. Initial CK at First Presentation to Hospital: UL

4k, Peak CK During Hospitalization: WL
(peak prior to PCT or CABG if done)

41, CKMB Assessment Performed I:I Mo |:| Yes

IEYHS, fill out the following:
41a. Initial CKMB at First Presentation to Hospital: __ UL

41b, Peak CEMEB During Hospitalization: U/L
(peak prior to PCT or CABG if done)

Initial = First Value During Hospitalization

42. Initial Creatinine _ mg/dL [_] Not Performed

43, Initial Total Cholesterol mg/dL D Mot Performed

44. Initial Triglyercides mg/dL [ ] Not Performed

45. Initial LDL _ mg/dL[ | Not Performed

46. Initial HDL mg/dL [_] Not Performed

47. Initial Hemoglobin Alc (%) B Mot Performed
PULSE Baseline Medical Hx {Chart only) Page 13 of 26
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E. CARDIAC PROCEDURES PERFORMED DURING HOSPITALIZATION
48, Stress Test I:] Mo D Yes

IEYES, then answer the following:
d8a. Date [(XX0O00000: 7 Foo

48b. Stress Type
|:| Exercise
[] Pharmacological

48c. Imaging Type
[ ] BKG only
|:| Muclear

[TpET

|:| Echocardiogram

48d. Ischemia Result
I:l Positive

] MNegative

L] Equivocal

48e. Fixed Defect Indicating an old MI

D Present D Absent

PULSE Baseline Medical Hx {Chart only) Page 14 of 26 11/06/08
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Left Ventricular (LV) Function Assessment
“index ACS event is Unstable Angina (go to next section if MID), then answer the following:

49, LV Punction Assessment Done During Hoespitalization |:| NGD Yes
If YES, answer all of the following:

49a, On the first LV function assessment done during hospital stay, was assessment
Oualitative or Quantitative? |:| Dualitative Ouantitative

49b. If Quantitative, then answer the following:
First EF Obtained During Hospital Stay: Yo
[If only a range is estimated for EF, the midpoint of the range should

be the value noted]

4%¢c. If Qualitative, then circle first qualitative assessment done during hospital
stay.

MNormal/Low Normal

Mildly Reduced

Mildly to Moderately Reduced

Moderately Reduced

Moderately to Severely Reduced

Severely Reduced

49d. Date of First LV Function Assessment (X000 P |

49, Type of Test Used to Determine First LV Function
D Echocardiography (by Ultrasound)
D Contract ventriculography (by CATH/angiogram)
[ Radionuclide ventriculography or SPECT on stress testing (Nuclear)

If NO, answer all of the following;
491 Was LV function assessed during the 30 days prior to hospitalization? |:| YES

[JNO

If YES, answer all of the following:
49, Was assessment Cualitative or Quanttative? D Chualitative I:l

Cuantitative

49h, If Quantitative, EF: %
{If only a range is estimated for EF, the midpoint of the range should

be the value noted]
PULSE Bassline Medical Hx {Chart only) Page 15 of 26 11/06/08
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45i. If Qualitative, then circle qualitative assessment,

Mormal/Low Normal
Mildly Reduced
Mildly to Moderately Reduced
Moderately Reduced
Moderately to Severely Reduced
Severely Reduced

49]. Date of LV Function Assessment (X00XXXXXX): f /

49k, Type of Test Used to Determine First LV Function
Echocardiography (by Ultrasound)
[ ] Contract ventriculography (by CATH/angiogram}
[} Radionuclide ventriculography or SPECT on stress testing (Nuclear)

PULSE Baszeline Medical Hx {Chart only) Page 16 of 26 11/06/08
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If index ACS event is MI, then answer the following:

50. LV Function Assessment Done During Hospitalization |:| I\'Iu[:] Yes

If YES, answer all of the following:
S0a. On the first LV function assessment done during hospital stay, was assessment
Qualitative or Quantitative? D Clualitative [Hiantitative

S0b, If Quantitative, then answer the following:
First EF Obtained During Hospital Stay: o
|If only a range is estimated for EF, the midpoint of the range should
be the value noted

S0c. If Qualitative, then circle first qualitative assessment done during hospital
stay.

Mormalf/Low Normal

Mildly Reduced

Mildly to Moderately Reduced

Moderately Reduced

Moderately to Severely Reduced

Severely Reduced

She. Type of Test Used to Determine First LV Function
H Echocardiography (by Ultrasound)
D Contract ventriculography (by CATH/angiogram)
[ I Radionuclide ventriculography or SPECT on stress testing (Muclear)

PULSE Baseline Medical Hx (Chart only} Page 17 of 26 11/06108
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51. Diagnostic Cardiac Catheterization |:E NnD Yes
If YES, then answer ALL of the following:
Sla. Date DOORX KX

51h. Maximum Stenoses by Vessel (0-100%)

Greatest stenosis assessed in the LAD or any major branch vessel (%)

Gireatest stenosis assessed in the LCx or any major brzin-:h vessel (%)

Greatest stenosis assessed in the RCx or any major branch vessel (%)

Greatest stenosis assessed in the LM (%)
If applicable, greatest stenosis assessed in bypass graft (%)

Slc. PCI Performed [ INo [] ves
If YES, then answer ALL of the following:

5ld. Date (30K X00K): / /

Hle. Mumber of Stents Placed:

511 If stent{s) was placed, circle one of the following:
Bare Metal Drug-eluting

51g, Complications of PCI I:I an_____l Yes

S1h. If YES, check any of the following;

L] Bleeding

[ ] vascular complication
D Cardiac tamponade
D Arrhythmia

|:| Stroke

D Comntrast reaction
D Acute renal failure

52. Coronary Artery Bypass Surgery Performed |:| Mo |:| Yes

If ¥ES, then answer the following:

PULSE Baszeling Medical Hx {Chart only) Page 18 of 26 11/06/08
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52a. Date (OG0 o

53. IABP Used During Hospitalization D Mo E] Yes
54. Permanent Pacemaker Used During Hospitalization I:I Mo I:I Yes
PULSE Basalina Medical Hx (Chart only) Page 19 of 26 1110608
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1 Month Packet
Subject Initials: __

Aff 1D: Staff Signatura;

Date (this form completed): ! F20__ Time: : am/pm

BAonth Day Year

' .dote to RA: Please ask participants to bring in their medications to the visit.

Contains:

Subject Confact update
General release form
BDI

BDI-N {partial)

BDI #3

PHGQ2

Lifastyle Follow-up
Refilling Procedures
Insurance and Cost
Drug Holiday Forms [Aspirin, Plavix, Stafin, Beta-Blocker)
MACE Query
Hospitalization form
AEMUP Eligibility form

PLLSE 1-Manth Page 1 of 36
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Gi:‘.? Corumnprs UniversiTy Center for Behavioral

. - ) Cardiovascular Health
== Mepicar Conrn Division of General Medicine

! 27 West 168" Straal, PHa-941
CEMTERFOR  pew York, NY 10032
CARDIOVASCULAR 212,342 4493 Tel
HEALTH 242,305,3172 Fax

wrw bihaioralhearthealth.ong

In the event of a future hospitalization, |,
hereby authorize you fo release to the Columbia University College of Physicians and Surgeuns:

[ ]A discharge summary for my hospitalization on

[ 1Medical records pertaining fo my hospitalization on
which include the following information:
a) Discharge Report
b} Procedure Reports including cath, Echo, strass tesl
¢} Copy of my admission EKG
d) Copy of my discharge EKG
&) Lab work, including cardiac enzymes
f) Hospitalization summary list with ICD9 codes for diagnosis
o) Medication lists (outpatient and discharge, if available)

[ ] Other

Patient Mame: Date of Birth:
Patient Address:

Social Security Number: __

Signature of Patient ) Date

SEMD RECORDS TO:
Dorota Gruber
Center for Behavioral Cardiovascular Health
Division of General Medicina
622 West 168" Street, PH-041
Mew York, NY 10032

PULSE 1-Month Page 5 of 38 1110608
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LIFESTYLE FOLLOW-UP

Since the last study visit, has patient: NO YES
1. Visited a doctor in the clinic for you cardiac care? ..o, ] [l
2. Engaged in counseling, psychotherapy, or ..o ooeieeeeeeeeeereeseren, N il
stress management training?

3. Madified your diet? ..o ]
4. Participated in cardiac rehabilitation? ... ]
Physical Activity
5. During the past month, did you regularly engage in physical exercise

during your leisure time? [Regularly = at least once a week during

the past Month]......e e e sses s e eses e L ]

8. During the last week, how many flights of stairs did you climb each day?
[1 flight = 10 stairs]
_ flights/day

7. During the last week, how many city blocks or equivalent distance did you walk each day?
[12 blocks = 1 mile]
blocks/day

8. During the last week, how many hours did you actively participate in light sports?
[e.g. bowling, baseball, biking, boating, dancing, yard-work, etc]
hours/week

8. During the last week, how many hours did you actively participate in strenuous sports?
[e.q. basketball, running, mountaineering, skiing, swimming, tennis, etc]
) hours/week

10, In the last 7 days, have you smoked cigarettes or other tobacco
PROCUCEST oo et ] ]

10a. If YES, average number of cigarettes per day smoked (1 pack = 20 cigarettes)?

10b. Other tobacco produect{

Fill in tobacoo product

11. In the last 7 days, have you had a drink of alcohol? ..o [ ]
T1a. WYES, average number drinks per week consumed?

_____}yaverage per day?

12. Taking medications for anxiety or depression ... iicinnn ]
{If YES, use chart befow)

12a. If Yes, are they still taking that medication (ongoing use)? ....[ ] ]
Mo longer taking, date stopped taking medication:

FULSE 1-Month Page 18 of 38 T10E0E
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MACE Query Screening

I'd like to ask you some questions about what has been happening since your last visit with us (1-
month after your initial hospitalization OR 8-months after your initial hospitalization),

NO  YES
1. Have you been to the Emergency Room {nm requiring hosgltallzatmni
since the last study visit? .......... N ]
2. Have you been admitted to a hospital, since the last study visit? ... ] ]
(If YES, please complate Hospitalization Form)
Davidzon PPG 1 month Page 33 of 38 1106108
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HOSPITALIZATION FORM

Subject IO

Center: Hosp: Subject I1D; Subject Initials:

Date (this form completed): ! f20 Time: _am pm
fondl  Day Year

Staff 1D ____ Stalf Signature;

INSTRUCTIONS: Comglete this form for each hospitalization admission.

Requested / Photocopied from Hospital Medical Record

Requestod Requested Reouested
& Pending tecopied bt MA
1. Discharge Report ... e fe e e e e nne e s 1, O, s
Motes: i
2. All Procedurs Reports including CATH, Echo, Stress Test, EPS ..., 1, 1.
Motes:
3. Admission EKG oo e oo [1q [T, 0o,
Motes: ~ —
4. Discharge EKG.......... Ak a4 e e g AR g e e s e g L, O,
Notes: L
5. Cardiac Enzymes (All that were done in-hospital).....ooooeee oo, Cls L1, [
Motes: ]
. Hemaglobin/Hemaloerit (All that wera done in-hospital) ... Ll 0, :
Motes:
7. Hospitalization summary list w/ |CD-9 codes for diagnosis and
PrOGEUNES oot s e s s e e g b bt e e e 1, 1, 0,
Motes:
Davidson PPG 1 month FPage 34 of 38 11/06/08
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SCHARGE DIAGNOSIS

Subject ID

Davidson PPG 1 month
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5. What was the disposition of the patient on discharge from the last hospital?
L, Deceased (If Deceased, complete Death Carfificate Form.)
L: Mursing home
[, Rehabilitation hospital
O, Home or ather private residence
e Discharged alive, disposition unknown

. (Leave blank, and skip to #7 for nonfatal events) Are any causes of death given on the discharge
SUITIITIBIY T 1o e e ettt et e sttt ean i PR I 1 [l Yes

Record the cause(s) of death:

a. b.

[+ d.

7. List the hospital discharge diagnoses and codes exactly as they appear on the front sheat of tha final
discharge summary.

ICD-% Codes Discharge Diagnoses

STempooon

Davidson PPG 1 month Page 36 of 38 110605
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SF12

This survey asks for your views about your health. This information will help keep track of how

you feel and how well you are able to do your usual activities. Thank you for completing this
survey!

For each of the following questionsiease mark afX] in the one box that best describes your
answer.

1. In general, would you say your health is:
Excellent Very good Good Fair Poor

[ 1 [ ]2 [ 3 []a (s

2. The following questions are about activities you might do during a typical day. Damg
health now limit youin these activities? If so, how much?

Yes, Yes, No, not
limited limited limited
alot a little at all
a Vigorous actiities, such as running, lifting
heavy objects, participating in strenuous [1 [ 12 [ 13

sports

b Moderate activities such as moving a

table, pushing a vacuum cleaner, bowlinc [ |1 []2 []3
or playing golf

3. During thepast 4 weekshow much of the time have you had any of the following
problems with your work or other regular daily activitieas a result of your physical
health?

All of Most of Some of A little None of
the time the time the time of the the time
time

(12 [ [4a [s

a Accomplished leshan you would m
like

b Were limited in th&ind of work or

other activites [ 1 []2 [13 [ 14 (15
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4. During thepast 4 weekshow much of the time have you had any of the following
problems with your work or other regular daily activitieas a resulof any emotional
problems(such as feeling depressed or anxious)?

All of Most of Some of A little None of
the time the time the time of the the time
time

a Accomplished leshan you would
like (11 [J2 [I3 [J&8 [J5

b. Did work or other activitieess
carefully than usual (1 [z [ [4 [s

5. During thepast 4 weekshow much didpain interfere with your normal work (including
both work outside the home and housework)?

Not at all Slightly Moderately Quite a bit Extremely

[ [ ]2 []3 (4 (s

6. These questias are about how you feel and how things have been with ydwring the
past 4 weeks For each question, please give the one answer that comes closest to the
way you have been feeling. How much of the time during thast 4 weeks.

All of Mostof Some ol A little None of
the time the time the time of the the time
time

a. Have you feltcalmand peaceful? [ J1  []J2 [J3 [J4 [ 5
b. Did you have a lot of energy? [1 []2 []3 [ ]a []5

c. Have you felt downhearted and
depressed? HE [ 12 L3 14 L5

7.  During thepast 4 weeks how much of the time has youphysical health or emotional
problemsinterfered with your social activities (like visiting friends, relatives, etc.)?

All of the Most of the Some of the A little of the None of the
time time time time time

[l []2 13 [a 5
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Pittsburgh Sleep Quality IndefPSQIl)

Instructions: The following questions relate to your usual sleep habits during the past month
only. Your answers should indicate the most accurate reply for the majority of days and nights in
the past month. Please answer all questions.

1. During the past month, when have you usually gone to bed at night?
USUAL BED TIME

2. During the past month, how long (in minutes) has it usually take you to fall asleep each night?
NUMBER OF MINUTES

3. During the past month, when have you usually gotten up in the morning?
USUAL GETTING UP TIME

4. During the past month, how many hours of actual sleep did you get, at night? (This may be
different than the number of hours you spend in bed.)
HOURS OF SLEEP PER NIGHT

For each of the remaining questions, check the one best response. Please answer all questions.

5. During the past month, how often have you had trouble sleepingbecaus e youé

(a) Cannot get to sleep within 30 minutes
Not during the Less than Once or Three or more
past month [] once a week [ ] twice a week [_] times a week [_]

(b) Wake up in the middle of the night or early morning
Not during the Less than Once or Three or more
past month [] once a week [ ] twice a week [_] times a week [_]

(c) Have to get up to use the bathroom
Not during the Less than Once or Three or more
past month [] once a week [ ] twice a week [_] times a week [_]

(d) Cannot breathe comfortably
Not during the Less than Once or Three or more
past month [] once a week [ ] twice a week [_] times a week [_]

(e) Cough or snore loudly
Not during the Less than Once or Three or more
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past month []

(f) Feel too cold
Not during the
past month []

(g) Feel too hot
Not during the
past month []

(h) Had bad dreams
Not during the
past month []

(i) Have pain
Not during the
past month []

once a week [ ]

Less than
once a week [_]

Less than
once a week [ ]

Less than
once a week [ ]

Less than
once a week [ ]

(i) Other reason(s), please describe:

twice a week [_]

Once or
twice a week [_]

Once or
twice a week [_]

Once or
twice a week [_]

Once or
twice a week [_]

times a week [_]

Three or more
times a week [_]

Three or more
times a week [_]

Three or more
times a week [_]

Three or more
times a week [_]

How often during the past month have you had trouble sleeping because of this?

Not during the
past month []

6. During the past month, how would you rate your sleep quality overall?

(] Very good
(] Fairly good
[] Fairly bad
[] Very bad

7. During the past month, how often have you taken medicine (prescribed or "over the counter")

to help

you sleep?
Not during the
past month []

8. During the past month, how often have you had trouble staying awake while driving, eating

meals, or

engaging in social activity?

Not during the
past month []

Less than
once a week [ ]

Less than
once a week [ ]

Less than
once a week [_]

Once or
twice a week [_]

Once or
twice a week [_]

Once or
twice a week [_]

Three or more
times a week [_]

Three or more
times a week [_]

Three or more
times a week [_]

9. During the past month, how much of a problem has it been for you to keep up enough

enthusiasm to
get things done?

(] No problem at all

[] Only a very slight problem



[] Somewhat of a problem
(] A very big problem

10. Do you have a bed partner or roommate?
[] No bed partner or roommate
[ ] Partner/roommate in other room
[] Partner in same room, but not same bed
[] Partner In same bed

If you have a roommate or bed partner, ask him/her how often in the past month you have had...

(a) Loud snhoring
Not during the Less than Once or Three or more
past month [] once a week [_] twice a week [_] times a week [_]

(b) Long pauses between breaths while asleep
Not during the Less than Once or Three or more
past month [] once a week [_| twice a week [] times a week []

(c) Legs twitching or jerking while you sleep
Not during the Less than Once or Three or more
past month [] once a week [_| twice a week [] times a week [_]

(d) Episodes of disorientation or confusion during sleep
Not during the Less than Once or Three or more
past month [] once a week [ ] twice a week [_] times a week [_]

(e) Other restlessness while you sleep: please describe

Not during the Less than Once or Three or more
past month [] once a week [ ] twice a week [_] times a week [_]
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Beck Depression Inventory (BDI)

This questionnaire consists of groups of statements. Please read each group carefully, then pick out the
one statement in each group which best describes the way you have been feeling during the Past Week,
Including Today. Indicate your choice by crossing (X) the appropriate number. If several statements in
the group seem to apply equally well, cross each one that applies. Be sure to read all the statements in
each group before making your choice.

1. | do not feel sad.
i | feel sad.
¢ | am sad all the time and | can't snap out of it.
£ | am so sad or unhappy that | can't stand it.
2 . I am not particularly discouraged about the future.
i | feel discouraged about the future.
¢ | feel I have nothing to look forward to.
¢ I feel that the future is hopeless and that things cannot
improve.
3. | do not feel like a failure.
i | feel | have failed more than the average person.
¢ As | look back on my life, all | can see is a lot of failure.
£ | feel | am a complete failure as a person.
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get as much satisfaction out of things as | used to.
don't enjoy things the way | used to.
don't get real satisfaction out of anything anymore.

am dissatisfied or bored with everything.

don't feel particularly guilty.
feel guilty a good part of the time.
feel quite guilty most of the time.

feel guilty all of the time.

don't feel | am being punished.
feel | may be punished.
expect to be punished.

feel | am being punished.

don't feel disappointed in myself.
am disappointed in myself.
am disgusted with myself.

hate myself.
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8. | don't feel | am any worse than anybody else.
I am critical of myself for my weaknesses or mistakes.
| blame myself all the time for my faults.
| blame myself for everything bad that happens.
9. I don't have any thoughts of killing myself.
I have thoughts of killing myself, but | would not carry
them out.
| would like to kill myself.
I would kill myself if | had the chance.
10. I donot cry any more than wusua
I cry more now than | used to.
I cry all the time now.
| used to be able to cry, but now | can't cry even though |
want to.
11. | am no more irritated now than | ever am.

| get annoyed or irritated more easily than | used to.
| feel irritated all the time now.

I don't get irritated at all by the things that used to irritate
me.
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12.

have not lost interest in other people.

| am less interested in other people than | used to be.

have lost most of my interest in other people.

have lost all of my interest in other people.

13.

| make decisions about as well as | ever could.
| put off making decisions more than | used to.

I have greater difficulty making decisions than before.

can't make decisions at all anymore.

14.

I don't feel | look any worse than | used to.
I am worried that | am looking old or unattractive.

| feel that there are permanent changes in my appearance
that make me look unattractive.

| believe that | look ugly.

15.

| can work about as well as before.
It takes extra effort to get started at doing something.
I have to push myself very hard to do anything.

I canot do any wor k at al |
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16.

| can sleep as well as usual.
I donot s | e®lpused $0. we | | a

| wake up 1-2 hours earlier than usual and find it hard to
get back to sleep.

| wake up several hours earlier than | used to and cannot
get back to sleep.

17.

I donot get more tired than
| get tired more easily than | used to.
| get tired from doing almost anything.

| am too tired to do anything.

u

S

18.

My appetite is no worse than usual.
My appetite is not as good as it used to be.
My appetite is much worse now.

| have no appetite at all anymore.

19.

I haven't lost much weight, if any lately.
| have lost more than 5 pounds.
| have lost more than 10 pounds.

| have lost more than 15 pounds.
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20. I am purposely trying to lose weight by eating less.

NO YES i

21. Il am no more worried about my health than usual.

i | am worried about physical problems such as aches and
pains, or upset stomach or constipation.

¢ | am very worried about physical problems and it's hard to
think of much else.

£ | am so worried about my physical problems that | cannot
think about anything else.

22. | have not noticed any recent change in my interest in sex.
i | am less interested in sex now.
¢ I am much less interested in sex now.
£ | have lost interest in sex completely.

a) Approximately when did the symptoms mentioned in questions 1 through 21 start?
/
Month Day  Year

b) 1 f participant answered 00 to quddNAi ons 1 through

c) Have you ever received treatment for depression? ..., é Yes
.............................................................................................................................................. A No

d) Have you ever been diagnosed by a health care professional 3
WIth DEPIESSIONT ... A Yes
A No

e) How many times in the past have you had a period of 2 or more weeks in
which you had strong feelings of depression or sadness?

A 0-1 A 1-3 A 35 A 5 or more

f) I n the | ast month has there been a period of time wl
excited, or hyper that other people thought you were not your normal self or you were so
hyper that you got iNt0 trOUDIE?...........eoi i e A Yes

g) Have you ever been diagnosed with manic depression 3
Lo g o] oo ] F=T o 11T} o 1= PR A Yes
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BDI Question #9 Form

Subject score on BDI item #9: i ¢ £

Suicidal ideation ( > 1): No Yes i (If YES, ask the following questions.)

1) Has pt considered and/or had access to any specific methods of suicide? ............

Yes j

2) Does pt want, intend, or plan to commit suicide in the near future?........................

Yes j

3) Has pt rehearsed or made preparations to carry out the plan?............ccccccoeoiinnee.

Yes j

4) Does pt have a history of past suicide attempt(S)?.......ccceevvveeeiiriiie e

Yes

5) Are there additional circumstances that may add to the risk of attempting or
completing suicide? (e.g. current alcohol abuse, social isolation,

NOPEIESSNESS, OF CIISIS)..uuuuuruiuuuiereriiuinieieieierererererererererererrrerereerererarrearearernrerearrarnre

Yes j

Psychologist/Psychiatrist Contacted: No Yes j

(Psychol ogistds Name)

( ) -
(Psychologistds Phone #)
Patientds PhysiciaibNoCont acresgd:

(Physicianbés Name)
( ) -
(Physicianbés Phone #)

Diagnosis:

......... No

......... No

......... No

......... No

Action Taken / Outcome:
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(22 Item Version, Last Wegk

~N NN

PatientIDA A A A 15\ 15\ 15\

saroA A A A

How
Administered:

Date (mo, da, yr):  / [ 20 Time__:__ ampm patient |
Suicidal Ideation (item 3 1) No Yesj interviewer ¢
Notified in case of suicidal ideation;
if item 20 = 1 Item 20 _
if item 20 = _(yes), if item 20 = 0 Total Score:
score 1¢ 22 without _
Total Score . (no), score 1 =0
the scores of item 29
19 and 20. G e -
=1 I
Comments:

Staff Signature
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TEACHERS COLLEGE
COLUMBIA UNIVERSITY

Teachers College IRB Exempt Study Approval

To: Andrea Duran
From: Myra Luna Lucero, Research Compliance Manager
Subject: IRB Approval: 19-157 Protocol
Date: 01/12/2019

Thank you for submitting your study entitled, "Exploring the Associations Between Habitual Sedentary Behavior and Endothelial Cell Health;" the
IRB has determined that your study is Exempt from committee review (Category 4) on 01/12/2019.

Please keep in mind that the IRB Committee must be contacted if there are any changes to your research protocol. The number assigned to your
protocol is 19-157. Feel free to contact the IRB Office by using the "Messages" option in the electronic Mentor IRB system if you have any
questions about this protocol.

You can retrieve a PDF copy of this approval letter from the Mentor site.

Best wishes for your research work.

Sincerely,

Dr. Myra Luna Lucero

Research Compliance Manager
irb@tc.edu
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Columbia University Medical Center Consent Form

Attached to Protocol: IRB-AAAK4250
Principal Investigator: Daichi Shimbo

(ds2231)

IRB Protocol Title:  Translational Research of Negative Emotions and Acute Endothelial
Dysfunction

Consent Number: CF-AAATG6731

Participation Duration: 2 visits

Anticipated Number of Subjects: 291

Contact

Contact Title Contact e Numbers

Daichi Shimbo M.D. Principal Telephone: 212-342-4490
Investigator

Maria Moran R.N. Study Coordinator Telephone: 212-305-6173

Research Purpose

We are doing this research to study the effects of emotions (such as, anger, depression, and anxiety)
on blood vessel health in a laboratory setting. Previous research has shown that negative emotions,
such as anger, feeling depressed or sad, and anxiety, are nisk factors for developing heart problems.
Damage to blood vessels is thought to be an early process in causing heart attacks. We are interested
in seeing whether feeling angry, depressed/sad, or anxious has effects on the health of blood vessels.

You are being asked to take part in this study, because you are otherwise healthy, are age 18 or older,
Auent in English, have no history of cardiovascular disease. hypertension, diabetes, high cholesterol,
do not smoke. do not have a listory of psychiatric disease, do not have any known latex allergies, do
not take any medications including over-the-counter drugs, and do not have prior difficulties with
having blood drawn from a vein in your arm. We anticipate enrolling about 291 people in this study,
which consists of two visits, including today's.

Information on Research

Invitation to participate

The purpose of this form 1s to give you information to help you decide if you want to take part in a
research study. This consent form includes information about:

- Why the study is being done:
- Things that you will be asked to do if you are in the study;
- Any known risks involved;

- Any potential benefit; and (.}
- Options, other than taking part in this study, that you have. (}Q,
Py v/
Medical Center IRB: 212.305-5883 imbia University IRB
#: AAATG731 Copied From # AAATE731 i
Printed on: 01/07/2019 at 22:34 Page 1 of 7 g T i
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A research assistant will discuss the study with you. If at any time you have questions about the study,
please ask a member of the study team. Take all the time you need to decide whether you want to take
part in this research study.

The purpose of this research is described above in the "Research purpose’ section of this consent form.

Procedures
Taking part in this study will last for up to five hours during two separate study visits: one being
today. The timing of study visits and the procedures that will be done at each visit are as follows:

Today's Laboratory Screening Visit

This initial visit will take up to 30 minutes to complete. During today's laboratory screening visit, a
trained member of the research staff will evaluate the veins in your arm and determine the adequacy
for drawing blood. If your veins are acceptable, we will explain the laboratory visit procedures (see
below) to you in detail and answer all of your questions. We will then review this consent form with
you, and answer any questions you may have. If you agree to participate and sign the consent form,
your height and weight will be taken and you will be provided with a link to complete several
questionnaires online asking about different aspects of your personality, relationships, activity levels,
and health. These questionnaires must be completed within approximately ten business days and may
take 45 to 60 minutes. If you do not have access to a computer, you will be asked to stay and
complete the questionnaires during the laboratory screening visit on a computer at the Center for
Behavioral Cardiovascular Health. Once the laboratory screening visit is completed, you will be
contacted by a study coordinator to schedule your laboratory visit.

Laboratory Visit

Within approximately eight weeks of completing the questionnaires, you will retumn to the Center for
Behavioral Cardiovascular Health (PH 9) at Columbia University Medical Center. Your appointment
will be scheduled in the moming and you will be asked to come to the office for a laboratory session.
You will be asked not to exercise or have anything to eat, except water, after midnight before your
visit. This entire visit should take approximately 4 hours. You will not be given anything to eat until
after the visit, at which time you will be given a small snack, such as a granola bar, and juice. You will
be expected to go without food a total of 12 hours for this research study. Should you feel you will
need additional food, we encourage you to pack something to eat the day of your study visit to eat
afterwards.

After you arrive, you will be seated in a comfortable chair for the entire laboratory session. You will
be fitted with a standard blood pressure cuff around your upper arm and two blood pressure (BP) with
heart rate (HR) readings will be taken one minute apart. A small tube used to draw blood or provide
Auids (an intravenous catheter) will be inserted into a vein in your dominant (the side that you write
with) arm by a trained member of the research staff who has experience drawing blood. On your
opposite arm, you will be fitted with another BP cuff around your forearm, a blood oxygen monitor
sensor will be placed on one of your fingertips, and small finger cuffs will be placed on'your index

(pointing) fingers of both your hands. These cuffs will allow us to measure how gé@uur blood

]
r&ﬂgzlml C:%nier IRGEI.- 212%05-53#33 T8 mbia University IRE
- AAATE731 Copied From # AAATE731 Ton i
Printed on: 01/07/2019 at 22:34 Page 2 of 7 T |
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vessels expand 1n response to blood flow. Lastly, we will place a heart rate monitor strap around your
chest. This strap will allow us to measure your heart rate throughout the entire laboratory session.

You will rest for 30 minutes at this time. Afterwards, two BP and HR readings will be taken one
minute apart. You will then be asked to rate how you feel. A blood sample of up to three tablespoons,
will then be drawn to measure the health of the cells that make up the inner lining of the blood
vessels. From this sample, some of your blood will be stored in a freezer. The frozen blood will be
used later to measure additional markers related to stress and blood vessel health.

Next, we will inflate the blood pressure cuff around your forearm tightly to partially block the flow of
blood. This cuff will remain inflated for approximately five minutes. You will probably feel some
discomfort during this part of the procedure similar to the tingling you might feel when your hand
"goes to sleep,” but your hand will not be in danger or harm from low blood flow. If the cuff causes
too much discomfort, it will be deflated immediately. After five minutes, the blood pressure cuff will
be deflated and we will measure how much your blood vessels dilate.

Next, you will then be randomly assigned (like a flip of a coin) to participate in a session in which
you will be asked to remember an event or read statements out loud about one of the following
emotions: (1) anger, (2) depression/sadness, (3) anxiety. or (4) a session in which you will undergo a
non-emotional task.

If you are assigned to a session in which you will undergo a non-emotional task, the research assistant

will ask you to count in a relaxing manner from 1 to 100 over and over again until the session has
finished.

All procedures (rating your feelings. blood draw, and cuff inflation and deflation) will be repeated 3,
40, 70, and 100 minutes alter finishing the randomly assigned task. For the entire study visit, the total
amount of blood drawn will not exceed 14 tablespoons.

After testing has been completed, the cuffs and intravenous catheter will be removed. You may be
given a card with the telephone number of a licensed Clinical Psychologist in the event you find that
the issues you discussed with the research assistant have made you distressed and wish to speak to
someone.

If an intravenous catheter (IV) cannot be successfully placed or if the IV is placed but blood is not

successfully drawn during the first blood draw period, the laboratory visit will end and you will be
compensated for your time and travel expenses.

e@

=0
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Because you are allowing your blood to be frozen and stored, we also would like to know how we
might use your blood sample in future approved research studies. Please read through the following
sentences and initial below to show whether or not you give permission for your blood to be used in
the following ways:

(initials) I do give permission to have my blood samples stored for the Principal Investigator
{Dr. Daichi Shimbo) to use in future studies related to this research.

(initials) I do give permission to have my blood samples stored for the Principal Investigator
{Dr. Daichi Shimbo) to use in future studies NOT related to this research.

(initials) I do NOT give permission to have my blood samples stored for the Principal

Investigator (Dr. Daichi Shimbo) to use in future studies related or not related to this research.

You will not be informed of the results of any tests. The results of these tests are for research purposes
only and have no clinical significance.

Permission for future contact

The researchers may want to contact you in the future. Healthy participants, like you, are important to
research. We respect your privacy, and will keep your contact information strictly confidential.
However, if you're interested in participating in a possible future study with the Center for Behavioral
Cardiovascular Health (CBCH), where healthy volunteer participants are needed, we'll keep this
information with your contact record. You would not be contacted more than once for any one study.

Please initial below to show whether or not you give permission for future contact:
(imitials) I do give permission to be contacted in the future for research purposes.

(initials) I do NOT give permission to be contacted in the future for research purposes.

Risks
General risks

There may be risks or discomforts if you take part in this study. These may include: some feelings of
distress while answering questions during the study, but these are generally mild and go away quickly.
If you feel upset, or continue to feel upset, a member of the research team will be available to talk to
you and discuss appropriate care.

Risk of blood draw

Risks of having blood drawn are soreness and/or a black and blue mark at the site from, where the
blood 1s drawn. Sometimes, people feel uncomfortable at the time of the blood dra %asinnally
people feel lightheaded or even faint. There 1s also a small risk of infection wheﬂér lood is drawn.
Medical Center IRB: 212-305-5863 imbia University IRB
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There may be minimal discomfort during the laboratory session due to the finger and arm blood
pressure cuffs, which remain inflated or partially inflated during the session. The discomfort is
temporary and goes away quickly.

Risk of breach of confidentiality

A nisk of taking part in this study is the possibility of a loss of confidentiality. Loss of confidentiality
includes having your personal information shared with someone who is not on the study team and
was not supposed to see or know about your information. The study team plans to protect your
confidentiality. Their plans for keeping your information private are described in the 'confidentiality'
section of this consent form.

Benefits

You may or may not receive personal (direct) benefit from taking part in this study. While not a direct
benefit, the information collected from this research may help others in the future.

Alternative Procedures

You may choose not to take part in this research study.

Confidentiality

Protections

Any information collected during this study that can identily you by name will be kept confidential.
We will do everything we can to keep your data secure, however, complete confidentiality cannot be
promised. Despite all of our efforts, unanticipated problems, such as a stolen computer may occur,

although it is highly unlikely.

Your questionnaire responses will be assigned a code number, and separated from your name or any
other information that could identify you. The research file that links your name to the code number

will be kept in a locked file cabinet and only the investigator and study staff will have access to the
file.

The following individuals and/or agencies will be able to look at and/or may copy your research
records:
- The investigator, study staff and other medical professionals who may be evaluating the study:
- Authorities from Columbia University and New York Presbyterian Hospital, including the
Institutional Review Board ('IRB");
- The Office of Human Research Protections ("OHRP');
- If this study is sponsored (money or supplies are being provided), the sponsor of this study, National
Institutes of Health ('NIH'), including persons or organizations working with or owned by the
sponsor; and
- Other government regulatory agencies (including agencies in other countries) if the sponsor is
seeking marketing approval for new products resulting from this research.

o0

py -
Medical Center IRB: 212-305-5883 imbia University IRB
CF#: AAATET31 Copied From # AAATETI Approval Date: 1112112017

Printed on: 01/07/2019 at 22:34 Page 5of 7 for use until: 0113052018

270



Compensation

You may receive up to $150 for participating in this study:

- After completing the questionnaires, you will be paid $10 in cash.
- After completing the laboratory visit, you will also be paid $140 in cash.

If an IV cannot be successfully placed in your arm or if the IV 1s placed but blood 1s not successfully
drawn during the first blood draw period, the laboratory visit will end and you will be compensated

550 for your ime and travel expenses.

If the investigator decides to remove you as a participant, you will only be compensated for visits you
have completed.

Additional Costs

There are no costs to you for participating in this study.

Voluntary Participation

Taking part in this study is your choice. You can decide not to take part in or stop being in the study at
any time. Your choice will not affect the treatment you receive from doctors and staff at Columbia
University Medical Center and New York Presbyterian Hospital.

Termination of participation by investigator

You should know that we will not let you participate in the study any more if you do not complete
what is detailed in the "procedures" section of this consent form. In addition. your participation will
end if the investigator or study sponsor stops the study earlier than expected.

Additional Information

If you have any questions or concerns about the study, you may contact the Principal Investigator by
phone at (212) 342-1273 or by email at cbeh(@columbia.edu.

If you have any questions about your rights as a subject, you may contact:

Institutional Review Board
Columbia University Medical Center
154 Haven Avenue, First Floor

New York, NY 10032

Telephone: (212) 305-5883

Email: irbofficef@ columbia.edu

o0
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An Institutional Review Board is a committee organized to protect the rights and welfare of human
subjects involved in research.

More information about taking part in a research study can be found on the Columbia University
Medical Center IRB website at: http://’www.cume.columbia.edu/dept/irb

More information about the Center for Behavioral Cardiovascular Health (CBCH) can be found on
our website: http://www.cume.columbia.edu/cbch

A description of this clinical trial will be available on http://'www.Clinical Trials.gov, as required by U.
5. Law. This website will not include information that can identify you. At most, the website will
include a summary of the results. You can search this website at any time.

Satisfaction survey

Our research center i1s committed to assessing and improving our work with study participants. We
would like your permission to contact you after you have completed the study to answer a Research
Subject Satisfaction Survey. This survey is confidential and your responses will help us to improve
our services and enhance the research experience for study participants.

Please initial below to show whether or not you give permission to contact you after you complete
this study to answer a Subject Satisfaction Survey:

{imitials) [ do give permission to be contacted after I complete this study to answer a Subject
Satisfaction Survey.

(imtials) [ do NOT give permission to be contacted after I complete this study to answer a
Subject Satisfaction Survey.

Statement of consent

I have read the consent form and talked about this research study, including the purpose, procedures,
risks. benefits and alternatives with the researcher. Any questions [ had were answered to my
satisfaction. I am aware that by signing below, | am agreeing to take part in this research study and
that I can stop being in the study at any time. [ am not waiving (giving up) any of my legal rights by
signing this consent form. I will be given a copy of this consent form to keep for my records.

Signature

Study Subject

Print Name Signature Date

Person Obtaining Consent

Print Name Signature Date
=&
Medical Center IRB: 212-306-5883 imbia University IRB
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TEACHERS COLLEGE
COLUMBIA UNIVERSITY

Teachers College IRB Exempt Study Approval

To: Andrea Duran
From: Myra Luna Lucero, Research Compliance Manager
Subject: IRB Approval: 19-156 Protocol
Date: 01/08/2019

Thank you for submitting your study entitled, "Patterns of Sedentary Behavior in the First Month after Acute Coronary Syndrome;" the IRB has
determined that your study is Exempt from committee review (Category 4) on 01/08/2019.

Please keep in mind that the IRB Committee must be contacted if there are any changes to your research protocol. The number assigned to your
protocol is 19-156. Feel free to contact the IRB Office by using the "Messages" option in the electronic Mentor IRB system if you have any
questions about this protocol.

You can retrieve a PDF copy of this approval letter from the Mentor site.

Best wishes for your research work.

Sincerely,

Dr. Myra Luna Lucero

Research Compliance Manager
irb@tc.edu
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Columbia University Medical Center Consent Form

Attached to Protocol: IRB-AAAB9286

Principal Investigator: Karina Davidson

(kd2124)

IRB Protocol Title:  Prescription Use, Lifestyle, & Stress Evaluation (PULSE)

Consent Number: CF-AAAKDY46

Participation Duration: | year

Anticipated Number of Subjects: 1925

Contact

Contact Title Contact Type Numbers

Karina Davidson Associate Professor Principal Telephone: 212-342-4493
Investigator

Joan Duer-Hefele Research Nurse Study Coordinator Telephone: 212-342-4507

Research Purpose

The purpose of this study 1s to understand how your prescription medications, your lifestyle, and your
feelings impact vour risk of future heart disease.

Information on Research

This study looks at the psychological and behavioral factors that may influence the course of
cardiovascular disease. You have been asked to participate in this study because you have acute
coronary syndrome { ACS) and because of your responses to the screening questions.

If yvou agree to participate in the study, then you will be asked questions about your health, your
mood, and your interest in things/people. You will be asked to complete these questions with a study
interviewer today, while you are in the hospital. The visit today should take between 45 minutes to 1
hour to complete.

Physician Contact

If, during your participation in the study, any of the symptoms suggest that you are unsafe. a brief
consultation with the appropriate professional will be scheduled. Additionally, if you would like, we
can contact your primary physician to inform him'her of these symptoms.

Do you agree to have your physician contacted about these symptoms, if appropriate?
Please initial your response: Yes ~ No

' Columbia Universitv |RB
Madical Canter Instituticnal Review Board: 212-203-3BB3 .
Consent Form #: CP-RAREDS4E Copled From: CP-ARRTSBAE " B foprival fate: [ /i1
Printed On: 12/10/201% at 18:586 page 1 of 8 — 0 Uses i, we f20y 20l
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