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BACKGROUND: Few studies have investigated associations of acclerometer-based assessments of physical activity (PA) and
sedentary behavior (SB) with incidence of cardiovascular disease (CVD) and its components. This prospective cohort study
assessed the associations of accelerometer-measured PA and SB with total CVD, myocardial infarction, and ischemic stroke
(IS).

METHODS AND RESULTS: The authors included 16031 women aged 62 years and older, free of CVD, with adherent accelerometer
wear (>10hours/day for >4 days) from the Women’s Health Study (mean age, 71.4years [SD, 5.6years]). Hip-worn ActiGraph
GT3X+ accelerometers measured total volume of PA (total average daily vector magnitude), minutes per day of high-light PA
and moderate to vigorous PA (MVPA), and SB. Women reported diagnoses of CVD, which were adjudicated using medical
records and death certificates. Hazard ratios (HRs) were estimated for each exposure, and 95% Cls using Cox proportional
hazards models were adjusted for accelerometer wear time, age, self-reported general health, postmenopausal hormone
therapy, smoking status, and alcohol use. The hypothetical effect of replacing 10 minutes/day of SB or high-light PA with MVPA
on CVD incidence was assessed using adjusted isotemporal substitution Cox models. Over a mean of 7.1 years (SD, 1.6years)
of follow-up, 482 total CVD cases, 107 myocardial infarction cases, and 181 IS cases were diagnosed. Compared with the
lowest quartiles of total average daily vector magnitude and MVPA (<60 minutes), women who were in the highest quartiles
(>120 minutes of MVPA) had a 43% (95% Cl, 24%-58%) and 38% (95% Cl, 18%—-54%) lower hazard of total CVD, respectively.
Estimates were similar for total average daily vector magnitude and MVPA with IS, but PA was not associated with myocardial
infarction overall. High-light PA was not associated with any CVD outcomes. Women who spent <7.4 hours sedentary per day
had a 33% (95% Cl, 11%-49%) lower hazard of total CVD compared with those who spent >9.5hours sedentary. Replacing
10minutes of SB with MVPA was associated with a 4% lower incidence of total CVD (HR, 0.96 [95% CI, 0.93-0.99)).

CONCLUSIONS: Accelerometer-assessed total PA and MVPA were inversely associated with total CVD and IS incidence, and SB
was directly associated with total CVD; high-light PA was not related to CVD.
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CLINICAL PERSPECTIVE

What Is New?

e Few data are available on the associations of
device-assessed physical activity (PA) and
sedentary behavior (SB) with total cardiovas-
cular disease (CVD), myocardial infarction, and
ischemic stroke. Devices can measure light-
intensity PA, which makes up a large proportion
of PA among older adults.

e In this sample of older women, greater total PA
and moderate to vigorous PA were associated
with lower incidence of total CVD and ischemic
stroke but not myocardial infarction; however,
high-light PA was not associated with any CVD
outcomes.

e |ess time spent in SB was associated with
lower total CVD incidence but not myocardial
infarction or ischemic stroke.

What Are the Clinical Implications?

e Current guidelines emphasize the importance of
moderate to vigorous PA and less SB in reduc-
ing the risk of CVD; this study supports these
guideline recommendations.

e Greater time spent in SB was associated with
higher total CVD incidence.

¢ Replacing 10minutes/day of SB with 10minutes
of moderate to vigorous PA was associated with
a 4% lower total CVD incidence.

Nonstandard Abbreviations and Acronyms

HLPA  high-light physical activity
IS ischemic stroke

LLPA low-light physical activity

MVPA moderate to vigorous physical activity
PA physical activity

SB sedentary behavior

VM vector magnitude

WHS Women’s Health Study

ing cause of death in the world, amounting to 32%

of all mortality.! Compared with 2010, the number
of deaths attributable to CVD worldwide in 2020 in-
creased by almost 19%, amounting to =19 million
deaths.? CVD increases with age, particularly among
older women,® but it is estimated that ~80% of CVD is
preventable through management of risk factors such
as smoking, poor diet, high blood pressure, elevated
lipid levels, and low levels of physical activity (PA).2
Moderate to vigorous PA (MVPA) assessed by self-
report has been consistently associated with a lower

In 2021, cardiovascular disease (CVD) was the lead-
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risk of incident CVD and CVD mortality.* Conversely,
greater time spent in self-reported sedentary behavior
(SB) may be associated with an elevated risk of inci-
dent CVD, independent of PA.+°

Current US recommendations for adults are pri-
marily based on findings from self-reported PA data
with a focus on absolute-intensity MVPA (>3.0 meta-
bolic equivalents).® Typically, MVPA decreases with
age,” as some individuals may not be able to partic-
ipate in higher-intensity PAs.2 Cumulative “high-light”
PA (HLPA), a subset of light PA consisting of purposeful
movements such as slow walking, shopping, or house-
hold work (2.3-2.9 metabolic equivalents),® should be
investigated as an attainable alternative to MVPA for
preventing CVD in older populations.® Additionally,
accelerometry data indicate that adults aged 60 to
75years spend more time in SB than their younger
counterparts, with SB accounting for =12.3hours of a
16.0-hour awake day.'® Self-reported measures do not
capture light-intensity PA well,'" tend to underestimate
time spent in SB,'? and are impacted by both recall bias
and social desirability bias.’® Accelerometers present
the opportunity to further research the associations of
daily activities, particularly light PA and SB, with risk of
CVD in older populations.

More recent investigations using accelerometry have
mostly confirmed the established relationship of MVPA
with incident CVD'“?" and CVD mortality'®%?26 pre-
viously found using self-reported data, but with larger
magnitudes of association." However, accelerome-
try studies provide mixed evidence on the importance
of light PA for CVD risk."*%23-26 Moreover, although
there is strong evidence for an association between
self-reported SB and CVD incidence," there is mixed
evidence for whether accelerometer-measured SB is
associated with an increased risk of CVD or CVD mor-
tality.4-1618.2224.25,27.28 pyplic health interventions that in-
crease time spent in higher-intensity activities inherently
require spending less time in a lower-intensity activity,
as time is fixed within a day. Few studies have assessed
whether substituting time spent sedentary for either
HLPA or MVPA, measured by accelerometry, is asso-
ciated with lower risk of CVD.?"?4?5 |n addition, little is
known about accelerometry-derived measures and their
relationships to CVD components such as myocardial in-
farction (MI) and ischemic stroke (IS). To our knowledge,
no prior studies have investigated accelerometry with Ml
incidence, and only 3 with stroke incidence.'9202°

We investigated the association of accelerometer-
measured total average daily volume of PA, MVPA,
HLPA, and SB with time to incident total CVD, MI, and
IS in WHS (Women’s Health Study). Additionally, we
explored the association of substituting time spent in
lower intensities of activity (SB or HLPA) for time in
higher-intensity activities (HLPA or MVPA), with time to
incidence of total CVD, MI, and IS.
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METHODS

Study Design and Population

The data that support the findings of this study are
available from the corresponding author upon reason-
able request. WHS was a randomized clinical trial that
ran from 1992 to 2004, examining the effects of vitamin
E and low-dose aspirin for the prevention of cancer
and CVD among 39876 women 45years and older
living in the United States.®°-? At the end of the trial,
participants were invited to join an observational study,
and 33682 (89% of survivors) consented. Between
2011 and 2015, WHS survivors were invited to partici-
pate in an ancillary accelerometry study, with 17707
wearing and returning their devices; details have been
previously published.®3 For the present analysis, 16031
participants 62 years and older and free of CVD (n=712
with prevalent CVD), who were compliant with the de-
vice wear protocol (see below for details)®3-%" were in-
cluded. All enrolled women provided written informed
consent and this study received approval from the in-
stitutional review board of the Brigham and Women'’s
Hospital.

Accelerometer-Measured PA and SB

Women were mailed a triaxial accelerometer (ActiGraph
GT3X+) to be worn on the right hip during waking hours
for 7 days. Accelerometer details have been previously
outlined.®3 Briefly, accelerometer nonwear was defined
using the validated Choi et al algorithm.3638 Vector
magnitude (VM), the measure of movement (accelera-
tion) derived from triaxial accelerometers, is defined as
the square root of the sum of the squares from 3 axis
planes of movement: y/x2 + y2 + z2, Total daily volume
of PA (total average daily VM) and daily minutes spent
in MVPA, HLPA, and SB were used in this analysis.
PA intensities and SB were defined using previously
identified cut points calibrated in older adults: time in
SB as <19 VM per 15-second epoch, “low-light” PA
(LLPA) as 19 to 225 VM per 15-second epoch, HLPA
as 226 to 518 VM per 15-second epoch, and MVPA as
>519 VM per 15-second epoch.® We chose to investi-
gate HLPA as an exposure, as opposed to total light
PA or LLPA, as there is some degree of measurement
error and misclassification between SB and LLPA.®
Furthermore, when differentiated between HLPA and
LLPA, only HLPA was found to be associated with CVD
mortality in a study of similarly aged women.??

CVD Outcomes

Time to occurrence of total CVD, MI, and IS were ex-
amined as separate outcomes. Total CVD was de-
fined as the first occurrence of MI, IS, hemorrhagic
stroke, coronary artery bypass grafting, percutane-
ous transluminal coronary angioplasty, or CVD death
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without antecedent history of CVD. CVD events were
self-reported on annual questionnaires and confirmed
by medical record and death certificate review; total
CVD included CVD deaths and events that were never
self-reported as well. Only confirmed cases were in-
cluded in the analyses. Established criteria were used
to confirm incidence of Ml and stroke.3%4C If sufficient
evidence for a death caused by a cardiovascular event
was provided by all available sources, CVD death was
determined.*" Although MI and IS share many cardio-
vascular risk factors and are both commonly caused
by atherosclerotic disease, few patients experience
both MI and IS (=<4% of patients with MI experience
a subsequent stroke)*?; therefore, we investigated time
to Ml and IS as separate outcomes as only 2 partici-
pants in our population experienced both an Ml and
an IS during follow-up. This analysis investigated IS
only as an outcome, rather than a combined total of
IS and hemorrhagic stroke, as the biological mecha-
nisms connecting PA and stroke may differ for these
subtypes.*® Additionally, the number of hemorrhagic
strokes was deemed too small for meaningful analyses
as a separate end point. Participants who did not ex-
perience a CVD event during the follow-up period were
considered censored at the last date of follow-up.

Covariates

Participants  reported  sociodemographic  and
health information on yearly, mailed questionnaires.
Questionnaires administered closest to accelerometer
collection were used in this analysis, except for edu-
cation (>4-year degree, <4-year degree), age (years),
energy-adjusted saturated fat intake (g/d), energy-
adjusted fiber intake (g/d), and fruit and vegetable com-
posite score (servings per day), which were assessed
on the baseline questionnaire for the clinical trial. Self-
reported smoking status (current, former, or never),
alcohol use (rarely, monthly, weekly, or daily), general
health status (excellent, very good, good, or fair/poor),
postmenopausal hormone therapy use (never, past, or
current), history of cancer (yes or no), history of hy-
pertension (yes or no), history of high cholesterol (yes
or no), history of diabetes (yes or no), parental history
of MI (yes or no), body mass index (BMI; calculated
as weight in kilograms divided by height in meters
sgared), and physical function measured using a 10-
item subscale of the RAND 36-Iltem Health Survey 1.0
(with a range of O [low] to 100 [high]*4) were taken from
the yearly follow-up questionnaire closest to and fol-
lowing the accelerometer collection.

Statistical Analysis

We compared sociodemographic and health-related
characteristics of women across quartiles of total daily
volume of PA. Through the use of directed acyclic
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graphs, we identified accelerometer wear time, age,
self-reported general health, postmenopausal hor-
mone therapy use, smoking status, and alcohol use
as potential confounders (Figure S1). We assessed
whether PA and SB associations were nonlinear by
comparing restricted cubic splines with conventional
knots at the 5th, 50th, and 95th percentiles*®4® with
a linear specification by using the likelihood ratio test
(<0.05). For all PA and SB variables, spline terms were
not significant. Therefore, we executed 2 analyses: one
that used categorical quartiles of PA and SB variables,
and another that used continuous, linear specifications
of the exposure variables. In addition, we modeled
PA and SB as ordinal quartiles to conduct P for trend
tests; however, hazard ratios (HRs) for quartiles were
estimated from nominal quartiles.

We calculated age-adjusted rates of CVD per
100000 person-years using Poisson regressions by
quartiles of PA and SB. We used Cox proportional haz-
ards models to estimate associations of accelerometer-
measured PA and SB with time to total CVD, MI, and
IS. We assessed the proportional hazards assumption
by including an interaction between independent vari-
ables and the log of time; none of the exposure mea-
sures violated this assumption. Model 1 estimated
HRs of incident CVD for PA intensity and SB, adjusting
for potential confounders. We included BMI, history
of hypertension, history of high cholesterol, diabetes,
and physical function as potential mediators that may
also be confounders (see DAG in Figure S1) in model
2, in addition to confounders identified for model 1. A
quadratic term was included for the representation of
physical function in model 2.

We identified self-reported general health status,
age, obesity, and physical function'” a priori as potential
effect measure modifiers. We also investigated whether
the associations between MVPA and time to CVD out-
comes were modified by SB, and whether these asso-
ciations with SB were modified by MVPA. We assessed
effect measure modification by exploring the distribu-
tions of exposures and outcomes by the modifier, in-
vestigating stratum-specific estimates by the modifier
using model 1 covariates, and by the likelihood ratio
test for inclusion of modifier interaction terms in model
1. Modification was primarily determined by P values for
interaction terms produced by the likelihood ratio test
but was also based on the degree to which stratum-
specific estimates differed and their Cl overlap.

We were interested in the hypothetical effect of re-
placing time spent in one behavior (SB or HLPA) with
time in another (HLPA or MVPA) and its association
with time to CVD, as public health interventions that
encourage an increase in MVPA inherently reduce time
spent in another activity due to the fixed nature of time.
We investigated the associations of replacing either 10
or 30minutes of SB or HLPA with 10 or 30 minutes of
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HLPA or MVPA and time to CVD, using isotemporal
substitution Cox models adjusted for model 1 con-
founders.*” Any minute bout counted; PA was not re-
quired to be in 10-minute bouts. The choice of 10 or
30-minute substitutions was made for ease of interpre-
tation of models.

To assess the role of bias from confounding attribut-
able to prior health status, sensitivity analyses excluded
all events within the first year of follow-up and women
who self-reported fair/poor general health at the time of
accelerometry collection, as PA and SB may be reflec-
tive of a declining state of health rather than predictive
of future disease risk for these women.*® Data were
analyzed using SAS 9.4 (SAS Institute Inc), and graph-
ics were made in R (version 3.5.1; R Foundation for
Statistical Computing).

RESULTS

Participant Characteristics

Participants had a mean age of 71.4years (SD,
5.6years), mean BMI of 26.2 (SD, 5.0), and 46% were
former and 51% never smokers (Table 1). Of the partici-
pants, 67% had a history of hypertension, 72% had a
history of high cholesterol, and 8% had a history of dia-
betes. Median accelerometer wear time was 14.9 hours
(interquartile range [IQR], 14.1-15.6 hours) per day, with
women engaging in a median of 88 minutes (IQR, 60—
120 minutes) of MVPA per day, 107 minutes (IQR, 86—
129 minutes) of HLPA per day, and 508 minutes (IQR,
442-574 minutes) of SB per day (Table 2).

Compared with women in the highest quartile of
total volume of PA, women who completed the least
amount of PA were on average 4 years older, included
more smokers, self-reported excellent general health
less frequently, and had a greater BMI (Table 1). In ad-
dition, prevalence of chronic conditions such as can-
cer, hypertension, high cholesterol, and diabetes were
higher among women in the lowest quartile of total vol-
ume of PA compared with the highest quartile.

During a mean of 7.2years (SD, 1.6years) of fol-
low-up, 482 total CVD events were confirmed; 107 of
these events were Ml and 181 were IS. Age-adjusted
rates of total CVD per 100000 person-years were great-
est for lower levels of total average daily VM, MVPA,
and HLPA, and were lower with successively higher
groups of total volume of PA and MVPA (Table S1). This
trend was less pronounced for HLPA than for total av-
erage daily VM and MVPA. Age-adjusted rates of total
CVD were lowest for lower levels of SB, and higher with
greater minutes per day of SB.

Associations With Total CVD

Accumulating more total average daily VM and minutes
of MVPA per day were associated with lower hazards
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Table 1. Sociodemographic and Health-Related Characteristics of the Study Population by Quartiles of Daily Total Volume

of Activity (Accelerometer-Measured Total VM) (N=16031)

Accelerometer-Measured Physical Behaviors and CVD

Quartiles of total VM
Overall Quartile 1 Quartile 2 Quartile 3 Quartile 4

Mean (SD) age, y 71.4 (5.6) 73.8 (6.3) 71.8 (5.5) 70.6 (5.1) 69.4 (4.4)
Mean (SD) BMI, kg/m? 26.2 (5.0) 28.4 (5.9) 26.6 (4.8) 25.4 (4.3) 24.2 (3.7)
Smoking status, n (%)

Current 559 (3) 202 (5) 145 (4) 116 (3) 95 (2)

Former 7352 (46) 1848 (46) 1855 (46) 1873 (47) 1776 (44)

Never 8119 (51) 1957 (49) 2007 (50) 2018 (50) 2137 (53)
Alcohol use, n (%)

Rarely 6023 (38) 1810 (45) 1514 (38) 1401 (35) 1298 (32)

Monthly 1584 (10) 428 (11) 403 (10) 381 (10) 372 (9)

Weekly 5846 (36) 1241 (31) 1494 (37) 1495 (37) 1616 (40)

Daily 2572 (16) 526 (13) 597 (15) 727 (18) 722 (18)
Education, n (%)

<4-y degree 7776 (49) 2155 (55) 1929 (49) 1838 (47) 1854 (47)

>4-y degree 7996 (51) 1795 (45) 2010 (51) 2097 (53) 2094 (53)
History of hypertension, n (%) 10758 (67) 3267 (82) 2801 (70) 2523 (63) 2167 (54)
History of high cholesterol, n (%) 11606 (72) 3160 (79) 2983 (74) 2844 (71) 2619 (66)
History of diabetes, n (%) 1337 (8) 622 (16) 338 (8) 229 (6) 148 (4)
Self-reported general health, n (%)

Excellent 4057 (25) 564 (14) 915 (23) 1166 (29) 1412 (35)

Very good 8096 (51) 1930 (48) 2074 (52) 2093 (52) 1999 (50)

Good 3520 (22) 1318 (33) 943 (24) 698 (17) 561 (14)

Fair/poor 353 (2) 194 (5) 75 (2) 48 (1) 36 (1)
Hormone therapy use, n (%)

Never 2901 (18) 841 (21) 697 (17) 684 (17) 674 (17)

Past 11507 (72) 2819 (70) 2904 (72) 2871 (72) 2913 (73)

Current 1617 (10) 345 (9) 407 (10) 450 (11) 415 (10)
History of cancer, n (%) 1906 (12) 547 (14) 520 (13) 449 (11) 390 (10)
Parental history of MI, n (%) 2259 (14) 595 (15) 576 (15) 529 (13) 559 (14)
Mean (SD) physical function score 80.9 (20.7) 69.8 (24.2) 80.2 (19.5) 84.7 (18.0) 88.3 (15.7)
Mean (SD) saturated fat intake, g/d 20.5 (6.0) 211 (6.2) 20.4 (5.9) 20.4 (6.0) 19.9 (56.9)
Mean (SD) fiber intake, g/d 22.3(7.1) 21.7 (6.9) 22.2 (6.9) 22.4 (7.6) 22.9 (7.0)
Mean (SD) daily servings of fruits and 6.7 (3.7) 6.5 (3.7) 6.7 (3.9) 6.8 (3.7) 6.9 (3.6)
vegetables

Quartiles of total vector magnitude (VM; 1000 s): quartile 1 <385.4; 385.4< quartile 2 <5602.9; 502.9< quartile 3 <639.5; 639.5> quartile 4. BMI indicates body

mass index; and MI, myocardial infarction.

of total CVD (Figure 1). Women who accumulated the
highest quartile of VM had a 43% (HR, 0.57 [95%
Cl, 0.42-0.76]) lower hazard of total CVD compared
with women in the lowest quartile of total average daily
VM (Table S2). Women who spent >120minutes per
day in MVPA had a 38% (HR, 0.62 [95% ClI, 0.46-0.82))
lower hazard of total CVD compared with women who
spent <60minutes per day in MVPA. HLPA was not
associated with total CVD. Compared with accumulat-
ing >9.5hours of SB per day, accumulating <7.4 hours
of SB per day was associated with a 33% (HR, 0.67
[95% CI, 0.51-0.89]) lower hazard of total CVD. Similar
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trends were observed with continuous measures of
total average daily VM, MVPA, HLPA, and SB.

Associations With MI

Compared with the lowest quartiles, the upper quar-
tiles of total average daily VM (HR, 0.73 [95% ClI, 0.40-
1.33]) and minutes per day of MVPA (HR, 0.81 [95% Cl,
0.44-1.47]) were associated with a nonsignificant lower
hazard of MI, but Cls were wide (Figure 2, Table S2).
We did not find evidence that HLPA was associated
with hazards of MI. Accumulation of <7.4hours of SB
per day was associated with a nonsignificant lower
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Table 2. Median (IQR) of Daily Accelerometer-Measured PA and SB of the Study Population, by Quartiles of Daily Total
Volume of Activity (Total VM) (N=16031)

Quartiles of total VM

Overall Quartile 1 Quartile 2 Quartile 3 Quartile 4
Accelerometer wear time, h/d | 14.9 (14.1-15.6) 14.4 (13.6-15.2) 14.8 (14.0-15.5) 15.0 (14.3-15.7) 15.3 (14.6-16.0)
Total VM, 1000s 502.9 (385.4-639.5) | 311.1 (259.6-351.4) 444.8 (416.3-473.6) 563.8 (633.1-599.4) 751.2 (687.8-848.6)
MVPA, min/d 87.5 (60.0-119.6) 43.9 (32.1-55.1) 74.5 (65.2-83.0) 102.0 (92.4-111.7) 145.5 (130.1-169.0)
HLPA, min/d 106.6 (86.2-128.9) 78.7 (65.0-93.1) 102.4 (88.2-118.0) 115.7 (99.4-133.9) 132.2 (114.0-152.4)
SB, min/d 507.9 (442.9-573.5) | 587.4 (535.2-639.7) 529.8 (481.3-578.2) 488.5 (4421-537.5) | 426.1 (375.1-478.7)

Quartiles of total vector magnitude (VM; 1000 s): quartile 1 <385.4; 385.4< quartile 2< 502.9; 502.9< quartile 3 <639.5; 639.5> quartile 4. HLPA indicates
high-light physical activity; IQR, interquartile range; MVPA, moderate to vigorous physical activity; SB, sedentary behavior.

hazard of Ml (HR, 0.65 [95% ClI, 0.36-1.17]) compared
with >9.5hours of SB per day; however, estimates
were imprecise. Continuous variable analyses showed
similar patterns with wide Cls.

Associations With IS

Greater total average daily VM and minutes per day
of MVPA were associated with lower hazards of IS
(Figure 3). Women who accumulated the highest
quartile of total average daily VM had a 41% (HR, 0.59
[95% ClI, 0.37-0.97]) lower hazard of IS compared with
women in the lowest quartile of total average daily VM

(Table S2). Participants who completed >120 minutes
of MVPA per day also had a 41% (HR, 0.59 [95% CI,
0.36-0.94]) lower hazard of IS, compared with those
who completed <60 minutes of MVPA. HLPA was not
associated with IS. Compared with women who accu-
mulated >9.5 hours of SB per day, those with <7.4 hours
were at a nonstatistically significantly lower hazard of
IS (HR, 0.85 [95% CI, 0.55-1.33]). Continuous variable
analyses showed similar associations with wide Cls.
Generally, findings from the addition of model 2
potential mediators to model 1 attenuated observed
associations and vyielded wider Cls, while typically
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Figure 1. Hazard ratios of total cardiovascular disease (CVD) events for increasing quartiles of physical activity (PA) and

sedentary behavior, compared with the lowest quartile of PA and the highest quartile of sedentary behavior.

Q1 indicates quartile 1; Q2, quartile 2; Q83, quartile 3; and Q4, quartile 4. *P for trend <0.05 when modeled as an ordinal variable.
Model 1: Cox proportional hazards models adjusted for confounders: accelerometer wear time, age, self-reported general health,
postmenopausal hormone therapy, smoking status, and alcohol use. Model 2: adjusted for confounders+potential mediators (body
mass index, hypertension, high cholesterol, diabetes, and physical function). Corresponding numeric estimates, number of events for
each quartile, and quartile threshold values can be found in Table S2.
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Figure 2. Hazard ratios of myocardial infarction (MI) for increasing quartiles of physical activity (PA) and sedentary
behavior, compared with the lowest quartile of PA and the highest quartile of sedentary behavior.

Q1 indicates quartile 1; Q2, quartile 2; Q3, quartile 3; and Q4, quartile 4. *P for trend <0.05 when modeled as an ordinal variable.
Model 1: Cox proportional hazards models adjusted for confounders: accelerometer wear time, age, self-reported general health,
postmenopausal hormone therapy, smoking status, and alcohol use. Model 2: adjusted for confounders+potential mediators (body
mass index, hypertension, high cholesterol, diabetes, and physical function). Corresponding numeric estimates, number of events for
each quartile, and quartile threshold values can be found in Table S2.

maintaining the same direction of the association ob-
served in model 1 for total CVD, MI, and IS (Figures 1-
3, Table S2).

Isotemporal Substitution Models

Isotemporal models revealed that replacement of
10minutes per day of SB with MVPA was associated
with a lower hazard of total CVD (HR, 0.96 [95% CI,
0.93-0.99)) (Table 3). Similar estimates were found
for MI (HR, 0.95 [95% CI, 0.89-1.01]) and IS (HR, 0.96
[95% ClI, 0.92-1.00]) with wider Cls, which may reflect
limited statistical power for the individual CVD compo-
nents. The replacement of 10minutes per day of SB
with HLPA was not associated with lower hazards of
total CVD (HR, 1.02 [95% CI, 0.98-1.06]), MI (HR, 1.04
[95% CI, 0.95-1.13]), or IS (HR, 1.03 [95% CI, 0.96—
1.10]). Substituting HLPA with 10 minutes per day of
MVPA was related to lower hazards of total CVD (HR,
0.94 [95% ClI, 0.89-1.00]), MI (HR, 0.92 [95% ClI, 0.81-
1.04]), and IS (HR, 0.93 [95% CI, 0.84-1.03)), although
this was not statistically significant.

Effect Measure Modifiers

The associations of PA and SB with CVD outcomes
were not modified by age, self-reported general health,

J Am Heart Assoc. 2023;12:e028180. DOI: 10.1161/JAHA.122.028180

physical function, MVPA (for SB models only), or SB
(for MVPA models only); see P values for interaction
terms in Table S3. Among participants with obesity,
being in the highest quartile of minutes per day of
MVPA was not associated with lower hazards of total
CVD (HR: 1.48 [95% CI: 0.80-2.74]) compared with
the lowest quartile. Among participants without obe-
sity, the greatest quartile of minutes per day of MVPA
was associated with a lower hazard of total CVD (HR:
0.53 [95% Cl: 0.38-0.74]) compared with the lowest
quartile.

Sensitivity Analyses

After the removal of 353 participants who self-reported
fair/poor general health or who had cardiovascular
events within the first year (total CVD: n=87, Ml: n=17,
IS: n=30), patterns of association from models 1 and
2 were similar although estimates were slightly attenu-
ated and Cls were widened for analyses of all expo-
sures and outcomes (data not shown).

DISCUSSION

In this population of women aged 62 to 89years,
greater daily total volume of PA and greater minutes
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Figure 3. Hazard ratios of ischemic stroke for increasing quartiles of physical activity (PA) and sedentary behavior,
compared with the lowest quartile of PA and the highest quartile of sedentary behavior.

Q1 indicates quartile 1; Q2, quartile 2; Q3, quartile 3; and Q4, quartile 4. *P for trend <0.05 when modeled as an ordinal variable.
Model 1: Cox proportional hazards models adjusted for confounders: accelerometer wear time, age, self-reported general health,
postmenopausal hormone therapy, smoking status, and alcohol use. Model 2: adjusted for confounders+potential mediators (body
mass index, hypertension, high cholesterol, diabetes, and physical function). Corresponding numeric estimates, number of events for
each quartile, and quartile threshold values can be found in Table S2.

per day of MVPA were associated with lower hazards
of total CVD and IS. When represented as a continu-
ous measure, greater daily total volume of PA and
minutes per day of MVPA were suggestive of an as-
sociation with lower Ml incidence, but were not statisti-
cally significant. The replacement of any amount of SB
with MVPA was associated with lower hazards of total
CVD; associations of the replacement of 10 minutes of
SB with MVPA were similar in magnitude and direction
to those of the primary analyses not using substitution
models. HLPA was not associated with any of the CVD
outcomes, and the replacement of time spent in SB
with HLPA was also not associated with lower hazards
of any CVD outcomes. SB was positively associated
with total CVD. These trends were robust in sensitivity
analyses investigating bias from confounding attribut-
able to prior health status. After further adjustment for
potential mediators (eg, BMI, hypertension, high cho-
lesterol, diabetes, physical function) estimates were
largely attenuated and were no longer statistically sig-
nificant, indicating that the associations we observed
were likely mediated through these variables. Our re-
sults suggest that the association of minutes per day
of MVPA with total CVD was modified by obesity, with
a stronger inverse association among women without
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obesity compared with women with obesity; however,
this may be a chance finding as there is little evidence
of effect measure modification by BMI in prior litera-
ture.111518.20.26 Although this may be a chance finding,
greater BMI is associated with increased CVD inci-
dence, and the prevention of weight gain and treatment
of obesity through PA may be beneficial in preventing
CVD_11,49

Our finding of an inverse association between total
volume of PA and time to total CVD largely agrees with
previously published studies with accelerometry mea-
sures,'41619.20.22.23 g5 does the same finding for MVPA
with time to total CVD.!41618-20.22.23.26 However, some
of these studies found more robust associations for
total PAI92022 or MVPA!415:20.22 wjith time to CVD when
adjusting for confounders that may also be mediators,
unlike the results of this study. Of these 5 studies, 2
adjusted for BMI,'922 2 for measures of high choles-
terol,'419 and 4 for diabetes,'#1%20.22 while all 5 adjusted
for some measure of high blood pressure. This study
included BMI, history of hypertension, history of high
cholesterol, history of diabetes, and physical function
as potential mediators in the fully adjusted models.
The inclusion of all of these factors in combination may
explain differing results from studies that found more
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Table 3. Adjusted HRs of Cardiovascular Events
Associated With Substituting 10 or 30 min of Activity for
Another, Using Isotemporal Substitution Models

HR (95% CI)
Myocardial
Total CVD infarction Ischemic stroke
Replace 10 min of SB with
MVPA 0.96 (0.93-0.99) | 0.95(0.89-1.01) | 0.96 (0.92-1.00)
HLPA 1.02 (0.98-1.06) 1.04 (0.95-1.13) 1.03 (0.96-1.10)
Replace 30min of SB with
MVPA 0.88 (0.81-0.96) 0.85 (0.71-1.02) 0.88 (0.77-1.01)
HLPA 1.05 (0.93-1.20) 1.11 (0.85-1.45) 110 (0.90-1.35)

Replace 10 min of HLPA with

MVPA | 0.94(0.89-1.00) | 092 (0.81-1.04) | 0.93 (0.84-1.03)
Replace 30min of HLPA with

MVPA ‘ 0.84 (0.70-1.01) ‘ 0.77 (0.52-113) ‘ 0.80 (0.60-1.08)

Cox proportional hazards models adjusted for confounders: age, self-
reported general health, postmenopausal hormone therapy, smoking status,
and alcohol use. CVD indicates cardiovascular disease; HLPA, high-light
physical activity; HR, hazard ratio; MVPA, moderate to vigorous physical
activity; and SB, sedentary behavior.

robust results when adjusting for only select media-
tors. Disparate study results could also be attributable
to differing populations and age; this study included
only women 62 years and older.

Although HLPA was not associated with time to
total CVD, M, or IS in this population of women, pre-
vious studies have found conflicting evidence when
examining total light PA. Greater daily minutes of
accelerometer-measured light PA was associated with
lower CVD incidence in 5 prior studies,'*'"-1%23 while
4 found no association.!®18:2226 A|l studies that found
an association between light PA and CVD incidence
were conducted in similarly aged populations of older
adults, while those finding no association were pri-
marily among younger populations.'®2%2 |n this analy-
sis, we chose to only assess the association of HLPA
rather than total light PA (LLPA plus HLPA), because
of the higher likelihood for SB to be misclassified as
LLPA and vice versa,® and because previous stud-
ies in similarly aged populations only found associa-
tions between HLPA and CVD mortality, not LLPA.%3
Furthermore, the VM thresholds used to define PA in-
tensity categories used in this study were calibrated in
a population of older adults, appropriately resulting in
lower threshold values of VM for each intensity cate-
gory than in a younger population.® Other studies that
did not use thresholds calibrated in an older popu-
lation™ may have misclassified MVPA as light PA for
adults in older age groups, resulting in an association
of light PA with CVD outcomes. The only other study
among older adults that found no association between
light PA and CVD incidence used thresholds for defin-
ing light PA that were calibrated in a population of older
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adults,'® but some studies of older adults using age-
appropriate thresholds did find associations between
light PA and CVD incidence.™'92% These 2 reasons
may partially explain why our results differ from some
previous studies; however, more research is needed to
determine the relationship between light PA and CVD
risk.

Fewer daily minutes of SB were associated with
lower hazards of total CVD in this population. Although
self-reported evidence on the association between SB
and CVD is strong,"" prior evidence has been mixed
on the association of accelerometer-measured SB with
total CVD. Three studies found no association between
total time spent in SB or SB accumulation patterns
with CVD risk after adjustment for covariates.'42228
Null findings may be due to inadequate power?® or the
use of uniaxial accelerometers, which may not be as
precise in measuring SB." In contrast, 5 other stud-
ies reported that greater daily sedentary time was
associated with increased risk of total CVD.!%16.18.26.27
Differing results may also be attributable to different
definitions of total CVD, as some of these definitions
of total CVD only include CVD events (MI, stroke, CVD
death), while others include additional CVD diagnoses
as well (eg, hypertensive diseases, pulmonary heart
disease, atherosclerosis, and heart failure). In addi-
tion, some studies defined their CVD outcomes using
International Classification of Diseases (ICD) codes,
while others were confirmed by physician adjudication
or medical record review, resulting in different sensitiv-
ities and specificities of outcome ascertainment meth-
ods. Other reasons for differences include whether
bias from confounding attributable to prior health sta-
tus was investigated in the analyses.*®

The current study is one of few to examine the re-
lationships of accelerometer-measured PA and SB
with both time to Ml and IS. Although Ml and IS share
many cardiovascular risk factors and are both com-
monly caused by atherosclerotic disease, few patients
experience both Ml and IS (=<4% in general, with only
2 participants in our population experiencing both);
therefore, we investigated time to Ml and IS as separate
outcomes. We found, although not statistically signifi-
cant, a possible inverse linear association of total daily
volume of PA and MVPA with time to Ml in continuous
analyses, but this association was less clear when ex-
posures were represented as quartiles. SB was largely
not associated with time to MI. Previous studies using
self-reported data have found an inverse association
between PA and Ml incidence, and have also reported
a positive association for sedentary time.®=%2 To our
knowledge, no studies to date have examined only M
as an outcome in relation to accelerometry-measured
PAs or SB. However, 4 studies examined coronary
heart disease and ischemic heart disease, with 3 find-
ing inverse associations with total PA and MVPA,17.19.20



Peter-Marske et al

and 1 finding a positive association with SB.%” These
differing results may be attributable to the inclusion
of non-MI outcomes (coronary death, angina pecto-
ris, and other acute and chronic ischemic heart dis-
eases)!"%20 included in these other studies. Inclusion
of more types of events may have contributed to an
overall larger number of events and greater statistical
power to detect effects, as Ml in our population was
less prevalent (0.7%) than coronary/ischemic heart dis-
ease in previous studies (2.4% to 4.9%),'192027 or it
may be that other events such as coronary death may
be driving these results as opposed to M.

In this cohort, greater daily total volume of PA and
greater minutes per day of MVPA were associated with
lower hazards of IS, but there was largely no associa-
tion for SB. Only 3 studies investigated the relationship
between accelerometer-measured PAs with stroke,
and one has explored the role of SB. Two studies found
that total PA was inversely associated with incidence of
stroke,'¥2° and 3 studies found the same association
for MVPA 192028 Tywo studies found that greater levels
of light PA were associated with decreased incidence
of stroke,'92° and one found SB to be positively as-
sociated.?® These studies defined stroke as either IS
or hemorrhagic stroke, unlike our study, which only
included IS. Varying definitions of stroke end points
may contribute to conflicting findings for SB, as bio-
logical mechanisms may differ between the 2 types of
stroke.*®

Through the use of isotemporal models, we found
that replacing time spent in either SB or HLPA with
MVPA was associated with lower hazards of total CVD.
Point estimates were similar for Ml and IS, but results
were not statistically significant, and Cls were wide
likely because of the small number of events. Replacing
SB with HLPA was not associated with reduced haz-
ards of any of the CVD outcomes. It may be that light
PA does not derive as great of a benefit to cardiovas-
cular health, as higher-intensity aerobic activities may
alter the cardiovascular system by improving capillary
density, endothelial function, blood cholesterol levels,
insulin sensitivity, BMI, stroke volume, blood coagula-
tion, and peripheral resistance.®® However, some stud-
ies have suggested that replacing SB with low-intensity
activities such as standing or stepping may provide
similar, but not as numerous, benefits to the cardiovas-
cular system such as lower BMI, blood pressure, blood
glucose, and cholesterol levels.>* Only one prior study
investigated the hypothetical effect of replacing SB or
light PA with MVPA on CVD incidence, with results sim-
ilar to ours.?! Studies that have explored CVD mortality
as an outcome also found inverse associations of re-
placing 30 minutes of SB with light PA (HRs: 0.86 and
0.76, respectively).?#?®> However, these studies found
that effect sizes were larger when replacing 30 minutes
of SB with 30 minutes of MVPA (HRs: 0.35 and 0.23,
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respectively).?*?5 Further investigation is required to
determine the effect of replacing SB with light PA, as
plausible biological pathways between light PA and the
cardiovascular system may exist.

Strengths and Limitations

Strengths of the current study include the large sam-
ple size and prospective design. Misclassification from
measurement error in the exposure is less of a con-
cern compared with self-reports, attributable to device
measurement of PA by accelerometry, and use of age-
appropriate intensity level cut points. We have addi-
tionally minimized the influence of measurement error
in the exposure by only assessing HLPA, rather than
total light PA.® This was one of the first studies to ex-
amine time to components of CVD, such as Ml and IS,
rather than only a “total CVD” outcome. No prior stud-
ies have investigated time to Ml as a separate outcome
with accelerometer-measured activities. By assessing
time to various CVD outcomes, this may help identify
particular types of events that are driving overall asso-
ciations with total CVD, and elucidate which biological
mechanisms contribute most to the effect of PA and
SB on cardiovascular health. The use of isotemporal
models in this analysis is also a strength, as few stud-
ies have used these models.

Accelerometers are not able to assess strength
training activities and have reduced accuracy at par-
ticularly slow walking speeds. This may have resulted
in an underestimate of total PA and MVPA, leading to
an overall underestimation of the effect size for these
types of activities. In addition, statistical power was lost
in analyses that separated the time to CVD outcomes
into components (MI: n=108; IS: n=181), so these as-
sociations should be confirmed in future research. We
were unable to investigate either time to cardiovascu-
lar death (n=29) or hemorrhagic stroke (n=22) as in-
dependent outcomes because of the small number
of events. There is also the possibility of residual con-
founding from measurement error among confounders
or unmeasured confounders.

The generalizability of these results may be limited.
Accelerometer assessment was conditional on survival
until this phase of the observational study, involvement
in the cohort, and the ability to ambulate independently.
These factors may all be related to PA and CVD risk,
therefore minimizing generalizability of the results. We
were also limited in that we could not assess differences
in these associations by race and ethnicity, education
level, or sex, as this is a fairly homogeneous population
of older, female health care workers. Furthermore, this
population is a relatively healthy and active population
compared with populations of a similar age.>® Future
work should investigate these associations in younger,
more diverse populations.
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CONCLUSIONS

In this population of older women, greater total volume
of PA and daily minutes of MVPA were associated with
lower hazards of total CVD and IS. Greater daily min-
utes of SB were associated with greater hazards of
total CVD but not Ml or IS. HLPA was not associated
with hazards of any CVD outcomes; more research is
needed on whether HLPA should be included in guide-
lines for CVD risk reduction, as current literature dis-
plays conflicting results. For public health prevention of
CVD, older women should be encouraged to replace
time spent sedentary with MVPA.
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Table S1. Age-adjusted rates of cardiovascular events per 100,000 person-years, by quartiles of physical
activity and sedentary behavior (N=16,031)

Events per 10,000 person-years (95% Cl)

Total CVD Myocardial infarction Ischemic stroke

Total VM

Q1 20.8 (6.6, 65.6) 11.7 (1.0, 140.0) 1.1(0.2,6.8)

Q2 14.7 (4.8, 44.9) 7.9 (0.7, 89.9) 1.0 (0.2, 5.8)

Q3 15.5 (5.2, 46.5) 8.1(0.7, 87.8) 0.8 (0.1, 4.5)

Q4 10.0 (3.4, 29.7) 6.6 (0.6, 69.6) 0.6 (0.1, 3.3)
MVPA (min/d)

a1l 23.1(7.2, 74.5) 10.4 (0.8, 131.2) 1.4 (0.2, 9.3)

Q2 16.8 (5.4, 52.2) 9.4 (0.8, 109.1) 1.2 (0.2, 7.4)

Q3 15.6 (5.1, 47.3) 7.4 (0.6, 82.1) 0.9 (0.1, 5.1)

Q4 11.9 (4.0, 35.9) 6.5 (0.6, 70.4) 0.8 (0.1, 4.4)
HLPA (min/d)

Q1 7.9(2.7,23.2) 5.1 (0.5, 52.2) 0.5 (0.1, 2.5)

Q2 7.2(2.5,21.1) 4.0 (0.4,41.3) 0.4 (0.1, 2.3)

Q3 6.7 (2.3, 19.6) 3.9(0.4,39.2) 0.4 (0.1,2.3)

Q4 6.0 (2.1, 17.4) 4.3(0.4,43.9) 0.4(0.1,2.1)
SB (min/d)

Qi1 6.9 (2.4, 20.1) 4.3(0.4,42.8) 0.4 (0.1, 2.5)

Q2 7.4(2.5,21.8) 5.2 (0.5, 53.9) 0.4(0.1,2.1)

Q3 8.5(2.9,25.1) 4.3 (0.4, 45.0) 0.5(0.1, 2.8)

Q4 10.3 (3.5, 30.1) 6.3 (0.6, 66.7) 0.5(0.1,3.1)

Avg: average; Q1-Q4: quartiles 1-4; d: day; MVPA: moderate-to-vigorous physical activity; HLPA: high-light physical activity; SB:
sedentary behavior

Quartiles of total VM (1000’s): Q1 <385.4; 385.4<Q2<502.9; 502.9<Q3<639.5; 639.5>Q4

Quartiles of MVPA min/day: Q1<60.0; 60.0<Q2<87.5; 87.5<Q3<119.6; 119.6>Q4

Quartiles of HLPA min/day: Q1<86.2; 86.2<Q2<106.6; 106.6<Q3<128.9; 1289>Q4

Quartiles of SB min/day: Q1<442.9; 442.9<Q2<507.9; 507.9<Q3<573.5; 573.5>Q4



Table S2. Hazard ratios of cardiovascular events for increasing quartiles of physical activity and sedentary behavior, compared to the lowest quartile of
physical activity, (N=16,031)

Total CVD Myocardial infarction Ischemic stroke
Hazard Ratio (95% Cl) Hazard Ratio (95% Cl) Hazard Ratio (95% Cl)
n Model 1 Model 2 n Model 1 Model 2 n Model 1 Model 2
Total VM
Q1 172 1.00 1.00 37 1.00 1.00 63 1.00 1.00
Q2 117 0.77 (0.60, 0.98) 0.87 (0.67,1.12) 25 0.77 (0.46, 1.29) 0.87 (0.51, 1.50) 52 0.95(0.65, 1.39) 1.11 (0.74, 1.66)
Q3 119 0.84(0.66, 1.08) 0.98 (0.74, 1.28) 25 0.83(0.49, 1.43) 1.05 (0.60, 1.86) 39 0.76(0.50, 1.16) 0.89 (0.55, 1.43)
Q4 74  0.57(0.42,0.76) 0.73 (0.53,1.01) 20 0.73(0.40, 1.33) 0.93 (0.49, 1.79) 27 0.59(0.37,0.97) 0.79 (0.46, 1.36)
p-value <0.01 0.15 0.35 0.98 0.03 0.33
Per 5" %ile 0.81(0.71, 0.92) 0.92 (0.79, 1.07) 0.81(0.61, 1.08) 0.91 (0.67, 1.24) 0.87 (0.70, 1.08) 0.99 (0.77, 1.26)
MVPA (min/d)
Q1 175 1.00 1.00 34 1.00 1.00 68 1.00 1.00
Q2 120 0.79(0.63,1.01) 0.91(0.71,1.17) 30 1.02(0.61, 1.69) 1.18 (0.70, 1.99) 51 0.90(0.62, 1.30) 1.04 (0.69, 1.55)
Q3 107 0.77 (0.60, 1.00) 0.90 (0.68, 1.19) 23 0.75(0.49, 1.49) 1.09 (0.60, 1.95) 34 0.67(0.43,1.03) 0.79 (0.49, 1.27)
Q4 80 0.62(0.46,0.82) 0.78 (0.57, 1.07) 20 0.81(0.44,1.47) 1.03 (0.54, 1.97) 28 0.59(0.36,0.94) 0.77 (0.45, 1.29)
p-value <0.01 0.14 0.40 0.96 0.01 0.22
Per 10 min 0.96 (0.94, 0.99) 0.98 (0.96, 1.01) 0.96 (0.91, 1.01) 0.98 (0.93, 1.03) 0.97 (0.93, 1.01) 0.99 (0.95, 1.03)
HLPA (min/d)
Q1 136 1.00 1.00 31 1.00 1.00 49 1.00 1.00
Q2 125 0.98(0.77,1.25) 1.06 (0.81, 1.39) 25 0.88(0.52,1.49) 1.03 (0.59, 1.80) 44 0.94 (0.62, 1.42) 0.99 (0.64, 1.53)
Q3 117 0.94(0.73,1.21) 1.08 (0.82, 1.43) 24 0.87(0.51, 1.50) 1.07 (0.60, 1.91) 46 0.99 (0.66, 1.50) 1.02 (0.65, 1.62)
Q4 104 0.84(0.64,1.10) 1.05 (0.78, 1.41) 27 1.03(0.60, 1.76) 1.37 (0.76, 2.48) 42 0.89(0.58, 1.37) 1.06 (0.65, 1.71)
p-value 0.20 0.72 0.95 0.31 0.68 0.80
Per 10 min 0.98 (0.95, 1.01) 1.01 (0.97, 1.04) 1.00 (0.94, 1.06) 1.03 (0.96, 1.10) 1.00 (0.95, 1.05) 1.02 (0.97, 1.08)
SB (min/d)
Q 96 0.67(0.51, 0.89) 0.83 (0.61,1.13) 22 0.65(0.36,1.17) 0.82(0.43, 1.55) 40 0.85(0.55, 1.33) 0.98 (0.59, 1.61)
Q2 108 0.72(0.56, 0.94) 0.85(0.64, 1.12) 28 0.83(0.49,1.41) 1.03 (0.59, 1.81) 36 0.68(0.44, 1.05) 0.77 (0.48, 1.24)
Q3 125 0.83(0.65, 1.06) 0.87 (0.67,1.12) 23 0.67(0.39, 1.16) 0.76 (0.43,1.33) 49 0.92(0.62, 1.36) 0.90 (0.59, 1.38)
Q4 153 1.00 1.00 34 1.00 1.00 56 1.00 1.00
p-value <0.01 0.24 0.25 0.80 0.25 0.72
Per 30 min 1.04 (1.01, 1.07) 1.01 (0.98, 1.05) 1.01 (0.99, 1.03) 1.00 (0.93, 1.07) 1.02 (0.97, 1.07) 1.00 (0.94, 1.06)

n: number of events in each quartile; Q1-Q4: quartiles 1-4; d: day; MVPA: moderate-to-vigorous physical activity; HLPA: high-light physical activity; SB: sedentary behavior

Quartiles of total VM (1000's):

Q1<385.4; 385.4<Q2<502.9; 502.9<Q3<639.5; 639.5>0Q4

Quartiles of MVPA min/day: Q1<60.0; 60.0<Q2<87.5; 87.5<Q3<119.6; 119.6>Q4

Quartiles of HLPA min/day: Q1<86.2; 86.2<Q2<106.6; 106.6<Q3<128.9; 128.9>Q4
Quartiles of SB min/day: Q1 <442.9; 442.9<Q2<507.9; 507.9<Q3<573.5; 573.5>Q4
Model 1: Cox proportional hazards models adjusted for confounders: accelerometer wear time, age, self-reported general health, postmenopausal hormone therapy, smoking status, and



alcohol use.
Model 2: Adjusted for confounders + potential mediators (BMI, hypertension, high cholesterol, diabetes, and physical function).



Table S3. Matrix of p-values of effect measure modification (factors listed left to right) of the associations of physical activity and sedentary
behavior (left column) with total cardiovascular disease, myocardial infarction, and stroke. Grayed out boxes indicate associations that were not
tested.

Total CVD

SRH Age Obesity Physical function MVPA SB
Total VM 0.250 0.614 0.090 0.421
MVPA 0.186 0.669 0.016* 0.226 0.657
LHPA 0.405 0.995 0.457 0.479
SB 0.666 0.419 0.919 0.119 0.606

Myocardial infarction

SRH Age Obesity Physical function MVPA SB
Total VM 0.252 0.654 0.425 0.848
MVPA 0.891 0.626 0.360 0.370 0.777
LHPA 0.939 0.671 0.599 0.697
SB 0.904 0.321 0.988 0.614 0.320

Ischemic stroke

SRH Age Obesity Physical function MVPA SB
Total VM 0.816 0.121 0.772 0.976
MVPA 0.643 0.313 0.122 0.694 0.472
LHPA 0.242 0.610 0.772 0.292
SB 0.724 0.730 0.763 0.755 0.643

CVD: cardiovascular disease; SRH: self-reported general health status; VM: vector magnitude; MVPA: moderate-to-vigorous physical activity; LHPA: light-high physical activity;
SB: sedentary behavior; *: p-value < 0.05

Categorizations for effect measure modification analyses:
SRH: excellent/very good vs. good/fair/poor

Age: <70 years vs. > 70 years

Obesity: BMI < 30 vs. BMI = 30 kg/m’

Physical function: < 75 vs. > 75

MVPA median: £ 88 minutes/day vs. > 88 minutes/day
SB median: < 508 minutes/day vs. > 508 minutes/day



Figure S1. Directed acyclic graph (DAG) of the relationships between physical activity, sedentary behavior (exposures), and cardiovascular
disease (outcome), including the role of potential confounders.
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PA: physical activity; SB: sedentary behavior; SRH: self-reported general health; BMI: body mass index; Hx: history of; DM: diabetes mellitus; HT: hypertension; CVD:
cardiovascular disease

Green node with an arrow indicates the exposure (PA/SB).

Blue node with a rectangle indicates the outcome (CVD).

Blue colored nodes with no symbol are mediators.

Green arrows begin at the exposure node, and include a mediator on the pathway between exposure and outcome.
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