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ORIGINAL RESEARCH

Accelerometer-Derived Daily Life Movement 
Classified by Machine Learning and 
Incidence of Cardiovascular Disease in 
Older Women: The OPACH Study
Steve Nguyen , PhD, MPH; John Bellettiere , PhD, MPH; Guangxing Wang, PhD; Chongzhi Di, PhD; 
Loki Natarajan, PhD; Michael J. LaMonte , PhD, MPH; Andrea Z. LaCroix, PhD, MPH

BACKGROUND: Current physical activity guidelines focus on volume and intensity for CVD prevention rather than common 
behaviors responsible for movement, including those for daily living activities. We examined the associations of a machine-
learned, accelerometer-measured behavior termed daily life movement (DLM) with incident CVD.

METHODS AND RESULTS: Older women (n=5416; mean age, 79±7 years; 33% Black, 17% Hispanic) in the Women’s Health 
Initiative OPACH (Objective Physical Activity and Cardiovascular Health) study without prior CVD wore ActiGraph GT3X+ ac-
celerometers for up to 7 days from May 2012 to April 2014 and were followed for physician-adjudicated incident CVD through 
February 28th, 2020 (n=616 events). DLM was defined as standing and moving in a confined space such as performing 
housework or gardening. Cox models estimated hazard ratios (HR) and 95% CI, adjusting for age, race and ethnicity, educa-
tion, alcohol use, smoking, multimorbidity, self-rated health, and physical function. Restricted cubic splines examined the 
linearity of the DLM-CVD dose-response association. We examined effect modification by age, body mass index, Reynolds 
Risk Score, and race and ethnicity. Adjusted HR (95% CIs) across DLM quartiles were: 1.00 (reference), 0.68 (0.55–0.84), 0.70 
(0.56–0.87), and 0.57 (0.45–0.74); p-trend<0.001. The HR (95% CI) for each 1-hour increment in DLM was 0.86 (0.80–0.92) 
with evidence of a linear dose-response association (p non-linear>0.09). There was no evidence of effect modification by age, 
body mass index, Reynolds Risk Score, or race and ethnicity.

CONCLUSIONS: Higher DLM was independently associated with a lower risk of CVD in older women. Describing the beneficial 
associations of physical activity in terms of common behaviors could help older adults accumulate physical activity.
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Cardiovascular disease (CVD) continues to be the 
leading cause of death in the United States with 
rates highest in older adults, a rapidly growing 

demographic group.1–3 In adults aged ≥85 years, the 
incidence of myocardial infarction (MI) and fatal cor-
onary heart disease (CHD) is higher in women (125 
per 1000) compared with men (90 per 1000).3 The US 
2018 Physical Activity Guidelines recommends at least 
150  minutes/week of moderate-to-vigorous intensity 
(MV) PA for CVD prevention.4 Studies of light intensity 

physical activity (LIPA) also suggest benefits against 
CVD.4–6 The aerobic Physical Activity Guidelines em-
phasizes physical activity (PA) intensity rather than the 
behaviors producing the movements, including those 
involved in daily living activities.4 Describing the health 
benefits of PA in terms of common behaviors that are 
accumulated during daily living activities could support 
efforts aimed at increasing PA in older adults.

Common behaviors may not be adequately cap-
tured in PA questionnaires, and commonly used 
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accelerometer data processing methods (eg, cut 
points) focus on distinguishing movement intensity 
and do not yield information on the behavior’s under-
lying movement.7,8 Machine learning algorithms have 
been developed and validated specifically for older 
adults to classify accelerometer data into behaviors.8,9 
The Two-Level Behavior Classification algorithm clas-
sified accelerometer data into 1 of 5 behaviors: sitting, 
sitting in a vehicle, standing still, walking or running, 
or standing with ambulation.8 In this algorithm, the 
standing with ambulation behavior consisted of walk-
ing in a confined space, included both light intensity 
and moderate-to-vigorous intensity movements, and 
encompassed daily life movements such as when 
performing household chores or gardening in an en-
closed area, otherwise summarized as being “up and 
about”. In our previous study in the OPACH (Objective 

Physical Activity and Cardiovascular Health) cohort, 
more time spent in daily life movements that included 
standing with ambulation was associated with signifi-
cantly lower risk of all-cause mortality.10 The associa-
tions of these daily life movements with incident CVD 
remains to be studied.

We applied a validated machine learning algorithm 
to analyze hip-worn accelerometer data in community 
dwelling older women in the OPACH study. We exam-
ined (1) whether higher daily life movement (DLM) was 
associated with a lower risk of incident CVD, (2) the 
linearity of DLM-CVD associations, and (3) effect mod-
ification by age, race and ethnicity, body mass index 
(BMI), and Reynolds Risk Score.

METHODS
Study Population
The data that support the present study findings are 
available upon reasonable request from the Women’s 
Health Initiative (WHI) clinical coordinating center 
(https://sp.whi.org/resea​rcher​s/data/WHISt​udies/​
Study​Sites/​AS286/​Pages/​home.aspx) in accordance 
with the WHI’s publications and presentations policies.

The WHI is a prospective study of postmenopausal 
women aged 50 to 79 years enrolled in the WHI Clinical 
Trial(s) or the Observational Study from 1993 to 1998 
in 40 study sites.11 The WHI OPACH ancillary study 
collected accelerometry data from 6489 ambulatory 
community-dwelling women aged ≥63 years from May 
2012 to April 2014 with follow-up through February 28, 
2020 for incident CVD.12 Data were excluded from 611 
women who returned accelerometers with insufficient 
data to apply the machine learning algorithm and 462 
women with a history of MI or stroke at OPACH base-
line, yielding an analytic sample of 5416 women. Study 
protocols were approved by the Fred Hutchinson 
Cancer Research Center and all women provided in-
formed written consent.

CVD End Points
Major CVD was the primary end point that consisted 
of the first reported non-fatal or fatal CHD, non-fatal 
or fatal stroke, or death attributable to any CVD. CHD 
consisted of clinical MI, definite silent MI, or a death at-
tributable to definite CHD or possible CHD. The first re-
ported non-fatal or fatal CHD, non-fatal or fatal stroke, 
and CVD death were also examined as separate end 
points. Detailed descriptions of the WHI CVD adjudi-
cation process has been described.12,13 Events were 
ascertained through review of mailed or telephone-
administered annual medical history questionnaires, 
and incident events were physician adjudicated follow-
ing a review of participants’ medical records.12 Kappa 

CLINICAL PERSPECTIVE

What Is New?
•	 Current physical activity guidelines focus on 

intensity for cardiovascular disease preven-
tion rather than common behaviors underlying 
movement.

•	 In older women, higher amounts of a machine-
learned accelerometer measured behavior of 
daily life movement, defined as standing and 
moving in confined space such as when per-
forming housework or gardening, was associ-
ated with a lower risk of CVD.

•	 The daily life movement-cardiovascular dis-
ease association were generally consistent 
across age, body mass index, Reynolds Risk 
Score, and race and ethnicity, suggesting high 
generalizability.

What Are the Clinical Implications?
•	 Describing the beneficial associations of physi-

cal activity in terms of common behaviors could 
help older adults accumulate physical activity.
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statistics for the inter-rater agreement for CVD ascer-
tainment ranged from 0.67 to 0.94.13

PA and Behavior Classifications
PA was measured with the ActiGraph GT3X+ acceler-
ometer, worn on the hip 24 hours/day except during 
risk of submersion in water (eg, bathing and swim-
ming). ActiLife version 6 software aggregated the ac-
celerometer data into 15 s epochs. The Choi algorithm 
identified periods of accelerometer non-wear.12,14 Sleep 
time was excluded using recorded in-bed and out-of-
bed times from sleep diaries. Missing sleep time was 
imputed using the participant’s average sleep time. 
The Community Health Activities Model Program for 
Seniors (CHAMPS) questionnaire assessed weekly 
frequency and duration for 41 physical activities en-
dorsed by older adults.15

Behaviors were determined using a validated 
machine-learning algorithm published within the Two-
Level Behavior Classification package in R.8 In an in-
dependent study, 39 older women wore a SenseCam 
camera around the neck for up to 7 days, with several 
images taken every minute.8 Trained research assis-
tants coded these images into 1 of 5 mutually exclusive 
behaviors: sitting (not in a vehicle), sitting in a vehicle, 
standing without ambulation, DLM, and walking or 
running. DLM encompassed time (hours/day) partic-
ipants spent standing up while moving in a confined 
space. DLM included light and MV intensity move-
ments involved in daily self-care, walking around the 
kitchen, housework, and gardening. Annotated data 
from these images were used as ground truth data 
to train a random forest machine-learning algorithm 
to classify hip-worn accelerometer data into 1 of the 
5 behaviors listed above.8 The algorithm had a 66% 
sensitivity, 94% specificity, and a balanced accuracy of 
79% for DLM compared with SenseCam images in the 
training sample and was validated in 2 other cohorts.8 
To evaluate whether intensity was important for inci-
dent CVD, DLM time was subsequently classified into 
sedentary time, light DLM, and MV DLM by applying 
accelerometer cut points derived specifically for older 
women in the OPACH Calibration Study (sedentary 
time was any 15-s epoch with <19 vector magnitude 
counts, light DLM was any 15-s epoch between 19 
and 519 vector magnitude counts; and MV DLM was 
defined as any 15-s epoch with ≥519 vector magnitude 
counts).16 We calculated light and MV DLM metabolic 
equivalent (MET)-hours/day by multiplying light and 
MV DLM hours/day by the median measured MET in 
the OPACH Calibration Study for light (2.0 METs) and 
MV (3.8 METs) activity.16 Time spent in each intensity of 
DLM were averaged over all valid wear days. All DLM 
variables were adjusted for variation in awake wear 
time using the residuals method.17

Covariates
Questionnaires ascertained participant age, self-
reported race and ethnicity (Black, White, Hispanic/
Latina), education (≤high school equivalent, some col-
lege, college graduate), alcohol consumption (non-
drinker, <1 drink/week, ≥1 drink/week, unknown), 
current smoking status, self-rated health (excellent/
very good, good, poor/very poor), and walking assist 
device such as a cane or walker (never, occasionally, 
frequently or all the time). Physical function was as-
certained using the Research And Development-36 
Health Survey, ranging from 0 to 100 with higher 
scores indicating higher physical functioning.18 Trained 
study staff measured height and weight with a tape 
measure and calibrated bathroom scale, respectively, 
with BMI calculated as kg/m2. Systolic blood pressure 
was measured with an aneroid sphygmomanometer 
and the average of 2 measurements were recorded. 
We defined multimorbidity as the number of chronic 
health conditions (diabetes, hypertension, chronic ob-
structive pulmonary disease, osteoarthritis, depres-
sion, or history of falls), categorized as 0, 1, 2, or at 
least 3 conditions. Trained study staff obtained fast-
ing (12 hours) blood from which serum glucose, high-
density lipoprotein cholesterol, and CRP (C-reactive 
protein) were measured using standardized Clinical 
Laboratory Improvement Act-approved methods at the 
University of Minnesota.19 The Reynolds Risk Score, a 
summary measure of CVD risk, was calculated using 
age, systolic blood pressure, CRP, total and high-
density lipoprotein cholesterol, diabetes status, smok-
ing status, and family history of MI.20

Statistical Analysis
We performed statistical analyses in RStudio 1.3.1093 
(https://rstud​io.com/). We calculated means and SDs, 
or counts and proportions, for participant characteris-
tics and compared these across DLM quartiles using 
F-tests for continuous variables and Chi-square tests 
for categorical variables.

To determine which self-reported physical activ-
ities endorsed by older adults comprised DLM, sim-
ple linear regressions and r-square correlations were 
computed between DLM time and total activity from 
all exercise-related activities in the CHAMPS question-
naire and between DLM hours/day and each of the 41 
activities contained in the CHAMPS questionnaire.

Multivariable Cox proportional hazards regression 
estimated HRs and 95% CIs for DLM hours/day quartile-
CVD end point associations. Follow-up time was de-
fined as the number of days from OPACH baseline to 
the first occurrence of CVD end point, or date of the last 
obtained annual medical update. Schoenfeld residuals 
were used to test the proportional hazards assumption; 
no violations were observed. Model 1 adjusted for age 

https://rstudio.com/
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and race and ethnicity, as published studies in OPACH 
showed that PA and DLM vary by race and ethnicity.6,10 
Model 2 contained additional confounders: educa-
tion, smoking status, alcohol consumption, physical 
function, multimorbidity, and self-rated health. Model 
3 contained model 2 covariates plus covariates con-
sidered mediators or confounders: BMI, systolic blood 
pressure, total cholesterol, high-density lipoprotein, and 
CRP. Restricted cubic splines evaluated the linearity of 
the associations of total, light, and MV DLM with CVD 
end points in separate models, adjusting for model 2 
covariates. For sensitivity analyses, we repeated these 
models with light and MV DLM mutually adjusted. 
To test whether intensity was important at the same 
amount of expenditure, we repeated our models with 
light and MV DLM MET-hours/day using contrasts of re-
gression coefficients. We performed stratified analyses 
by age (<80 years, ≥80 years), BMI (<30 kg/m2, ≥30 kg/
m2), Reynolds Risk Score (<9.77 and ≥9.77, median 
split), and race and ethnicity (Black, White, Hispanic/
Latina). We statistically evaluated effect modification 
with cross-product interaction terms between contin-
uous total DLM and stratification variables. Missing co-
variate data were imputed using multiple imputation by 
chained equations with the R mice package, including 
all variables for 5 iterations and 100 imputations. We set 
statistical significance to P<0.10 for effect modification 
and P<0.05 for all other tests.

Sensitivity Analyses
To evaluate potential reverse causality, we repeated 
the DLM quartile-CVD end point models with major 
CVD occurring within the first 2 years of follow-up ex-
cluded as a sensitivity analysis. To evaluate the pos-
sibility that walking assist device (eg, cane) use could 
impact mobility, which in turn could impact CVD and 
thus confound DLM-CVD associations, we repeated 
the DLM-quartile-CVD end point models with walking 
assist device use added as a covariate.

RESULTS
Study Population Characteristics
Women spent on average, 3.2 hours/day in DLM with 
an SD of 1.5 hours/day; 2.71 and 0.53 hours/day were 
spent in light and MV DLM, respectively (Table  1). 
Compared with women with DLM in the lowest quar-
tile, women with DLM in the highest were younger, 
more likely to be Hispanic/Latina, similar in education, 
had a lower BMI, had higher physical function scores, 
and had more favorable CVD risk biomarker levels 
(Table 1). On average, of women’s awake time, ≈ 22% 
was spent in DLM, 64% was spent sitting, 6% was 
spent standing, 5% was spent riding in a vehicle, and 
3% was spent walking or running (Figure 1).

The Pearson correlation between DLM time and total 
activity estimated from all 41 activities in the CHAMPS 
questionnaire was 0.25. Of the 41 activities covered in 
the CHAMPS questionnaire, gardening and housework 
were most strongly positively correlated with total DLM 
(correlation >0.23; Figure 2). Computer use and reading 
were most strongly negatively correlated (correlation 
<−0.06) with total DLM (Figure 2).

Association of DLM Quartiles With 
Incident Major CVD, CHD, Stroke, and 
CVD Death
The median follow-up was ≈ 6.5 years and there were 
616 major CVD events, 268 CHD events, 253 stroke 
events, and 331 CVD deaths. Unadjusted incidence 
rates for CVD end points were lower across higher 
quartiles of DLM (Table 2). After adjusting for poten-
tial confounders in model 2, the HR (95% CI; p-trend) 
comparing women with DLM in the highest quartile 
to those in the lowest quartile was 0.57 (0.45–0.74; 
<0.001) for major CVD, 0.57 (0.38–0.84; 0.003) for 
CHD, 0.70 (0.47–1.03; 0.02) for stroke, and 0.38 (0.26–
0.56; <0.001) for CVD death (Table  2). Associations 
remained consistent in magnitude, direction, and sta-
tistical significance after adjustment for potential me-
diators and confounders in model 3 and for complete 
case analysis (Table 2 and Table S1). Results from sen-
sitivity analyses evaluating reverse causation where 
data were excluded from 163 women with incident 
major CVD that occurred within the first 2  years of 
follow-up were generally consistent in direction, mag-
nitude, and significance to those from the main analy-
ses (Table S2). In this sensitivity analysis, the HR (95% 
CI; p-trend) for stroke comparing women with DLM in 
the highest quartile to those with DLM in the lowest in 
model 2 changed to 0.84 (0.54–1.31; 0.09; Table S2). 
Additional adjustment for walking assist device use did 
not appreciably change results (Table S1).

Continuous Dose-Response Associations 
of DLM With Incident Major CVD, CHD, 
Stroke, and CVD Death
To determine if intensity was important for DLM-CVD 
associations, we evaluated the linearity of the associa-
tions of total, light, and MV DLM with CVD end points. 
Dose-response trajectories were all linear (all p-non-
linear >0.09), so DLM was modeled in continuous lin-
ear functional form (Figure 3 and Table S3; in Figure S1 
and Table  S4, light and MV intensity daily life move-
ment were mutually adjusted).

After adjustment in model 2, the HR (95% CI) for 
each 1-hour/day increment in total DLM was 0.86 
(0.80–0.92) for major CVD, 0.86 (0.77–0.95) for CHD, 
0.89 (0.81–0.99) for stroke, and 0.76 (0.69–0.84) for 
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Table 1.  Mean (SD) or Count (%) of OPACH (n=5416) Baseline (2012–2014) Sociodemographic and Health-Related 
Characteristics

Total

Quartiles of daily life movement (DLM) h/day

P value

Q1 Q2 Q3 Q4

<2.19 2.19–3.09 3.09–4.11 ≥4.11

Age, y 78.5 (6.7) 80.4 (6.7) 78.8 (6.7) 77.9 (6.5) 76.7 (6.3) <0.001

Race and ethnicity

White 2664 (49.2) 755 (55.8) 677 (50.0) 652 (48.2) 580 (42.8) <0.001

Black 1798 (33.2) 459 (33.9) 487 (36.0) 423 (31.2) 429 (31.7)

Hispanic/Latina 954 (17.6) 140 (10.3) 190 (14.0) 279 (20.6) 345 (25.5)

Highest education level

High school or less 1079 (20.0) 234 (17.4) 268 (20.0) 276 (20.6) 301 (22.3) 0.01

Some college 2068 (38.4) 541 (40.2) 484 (36.0) 537 (40.0) 506 (37.5)

College graduate 2237 (41.5) 572 (42.5) 591 (44.0) 530 (39.5) 544 (40.3)

Health behavior/status, n (%)

Current smoker 134 (2.5) 51 (3.8) 31 (2.3) 24 (1.8) 28 (2.1) 0.004

Alcohol in past 3 mo

Non-drinker 1808 (33.4) 526 (38.8) 458 (33.8) 410 (30.3) 414 (30.6) <0.001

<1 drink/wk 1735 (32.0) 430 (31.8) 460 (34.0) 425 (31.4) 420 (31.0)

≥1 drink/wk 1435 (26.5) 263 (19.4) 319 (23.6) 432 (31.9) 421 (31.1)

Unknown 438 (8.1) 135 (10.0) 117 (8.6) 87 (6.4) 99 (7.3)

BMI, kg/m2 28.1 (5.7) 30.1 (6.4) 28.6 (5.5) 27.5 (5.3) 26.1 (4.8) <0.001

Self-rated health

Excellent or very good 2829 (52.4) 543 (40.3) 694 (51.3) 773 (57.3) 819 (60.8) <0.001

Good 2095 (38.8) 612 (45.4) 548 (40.5) 485 (35.9) 450 (33.4)

Fair or poor 474 (8.8) 193 (14.3) 110 (8.1) 92 (6.8) 79 (5.9)

RAND-36 physical 
function score

70.0 (25.5) 56.7 (27.8) 69.2 (24.9) 74.5 (22.5) 79.6 (20.3) <0.001

Chronic health conditions

Diabetes 1042 (19.2) 356 (26.3) 263 (19.4) 249 (18.4) 174 (12.9) <0.001

Hypertension 3813 (70.4) 1049 (77.5) 993 (73.3) 939 (69.4) 832 (61.4) <0.001

COPD 159 (2.9) 55 (4.1) 37 (2.7) 35 (2.6) 32 (2.4) 0.04

Osteoarthritis 2956 (54.6) 756 (55.8) 747 (55.2) 715 (52.8) 738 (54.5) 0.43

Depression 421 (7.8) 124 (9.2) 109 (8.1) 92 (6.8) 96 (7.1) 0.09

Falls in past 12 mo 1546 (29.5) 411 (31.4) 391 (29.9) 368 (28.1) 376 (28.6) 0.24

Multimorbidity count

0 conditions 1850 (34.2) 423 (31.2) 445 (32.9) 492 (36.3) 490 (36.2) <0.001

1 condition 2578 (47.6) 626 (46.2) 658 (48.6) 639 (47.2) 655 (48.4)

2 conditions 842 (15.5) 246 (18.2) 215 (15.9) 196 (14.5) 185 (13.7)

≥3 conditions 146 (2.7) 59 (4.4) 36 (2.7) 27 (2.0) 24 (1.8)

Walking assist device (eg, cane) use

Never 3739 (71.0) 676 (51.4) 921 (70.0) 1033 (78.4) 1109 (83.8) <0.001

Occasionally 849 (16.1) 259 (19.7) 238 (18.1) 187 (14.2) 165 (12.5)

Frequently or all the time 681 (12.9) 379 (28.8) 156 (11.9) 97 (7.4) 49 (3.7)

CVD biomarkers, mean (SD)

Reynolds Risk Score* 13.3 (11.4) 18.2 (14.2) 13.9 (11.0) 12.0 (9.8) 9.5 (8.3) <0.001

Systolic blood pressure, 
mm Hg

125.6 (14.1) 127.7 (15.2) 126.3 (14.3) 125.1 (13.6) 123.6 (13.2) <0.001

Log hs-CRP, mg/L 0.62 (1.05) 0.82 (1.09) 0.71 (1.05) 0.59 (1.04) 0.39 (0.95) <0.001

Total cholesterol, mg/dL 198.9 (38.9) 193.8 (40.2) 197.1 (40.1) 199.3 (36.9) 204.7 (37.7) <0.001

 (Continued)
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CVD death (Table  S5). The HR (95% CI) for each 1-
hour/day increment in light DLM was 0.84 (0.77–0.91) 
for major CVD, 0.85 (0.76–0.96) for CHD, 0.87 (0.77–
0.98) for stroke, and 0.72 (0.64–0.81) for CVD death. 
The HR (95% CI) for each 1-hour/day increment in MV 

DLM was 0.67 (0.51–0.86) for major CVD, 0.50 (0.33–
0.77) for CHD, 0.82 (0.57–1.19) for stroke, and 0.51 
(0.34–0.75) for CVD death. In mutually adjusted mod-
els, results for light DLM were consistent in magnitude 
and significance except for CHD, which was attenuated 

Total

Quartiles of daily life movement (DLM) h/day

P value

Q1 Q2 Q3 Q4

<2.19 2.19–3.09 3.09–4.11 ≥4.11

HDL, mg/dL 60.8 (14.9) 57.8 (14.6) 59.7 (14.3) 61.2 (14.5) 64.3 (15.4) <0.001

Daily life movement†, mean (SD)

Total DLM, h/day† 3.2 (1.5) 1.5 (0.5) 2.6 (0.3) 3.6 (0.3) 5.2 (0.9) <0.001

Light intensity DLM, 
hours/day†

2.7 (1.2) 1.3 (0.5) 2.3 (0.3) 3.0 (0.4) 4.2 (0.8) <0.001

Moderate-to-vigorous 
intensity DLM†, hours/
day†

0.5 (0.4) 0.2 (0.1) 0.4 (0.2) 0.6 (0.3) 1.0 (0.5) <0.001

Follow-up, mean (SD)

Major CVD, y 6.0 (1.6) 5.5 (1.8) 6.0 (1.5) 6.1 (1.5) 6.3 (1.3) <0.001

CHD, y 6.0 (1.5) 5.6 (1.7) 6.1 (1.4) 6.2 (1.4) 6.3 (1.2) <0.001

Stroke, y 6.0 (1.5) 5.6 (1.8) 6.1 (1.4) 6.2 (1.4) 6.4 (1.2) <0.001

CVD death, y 6.1 (1.4) 5.7 (1.7) 6.2 (1.3) 6.2 (1.3) 6.4 (1.1) <0.001

BMI indicates body mass index; RAND, Research And Development; CHD, coronary heart disease; COPD, chronic obstructive pulmonary disease; CVD, 
cardiovascular disease; DLM, daily life movement; HDL, high-density lipoprotein; hs-CRP, high-sensitivity C-reactive protein; OPACH, Objective Physical 
Activity and Cardiovascular Health.

P value: Chi-square test for categorical variables and F-test for continuous variables.
*Ten-year predicted probability (%) of a clinical cardiovascular disease event.
†All physical activity related variables are adjusted for accelerometer awake wear time using the residuals method.

Table 1.  Continued

Figure 1.  Average awake time spent across 5 behaviors (sitting, sitting in a vehicle, standing, 
walking, or running, and daily life movement) and average daily life movement time spent across 
sedentary behavior, light intensity, and moderate-to-vigorous intensity.
MVPA indicates moderate-to-vigorous intensity physical activity; and PA, physical activity.
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to non-significance while results for MV DLM were at-
tenuated to non-significance except for CHD, which 
remained significant (Table  S6). We examined mutu-
ally adjusted associations of light and MV DLM MET-
hours/day with CVD end points to determine if intensity 
is important at the same amount of energy expenditure 
(Table S7). Contrasts between regression coefficients 
comparing MV and light DLM MET-hours/day were not 
significant (all P>0.09).

Effect Modification of Associations of 
DLM With Major CVD, CHD, Stroke, and 
CVD Death
In stratified analyses, point estimates suggested that 
each 1-hour increment in total DLM was associated 
with a lower risk of CVD end points for all subgroups 
except for CHD; we observed evidence of effect modi-
fication by age (p-interaction=0.08) for CHD (Table 3). 
Each 1-hour increment in total DLM was associated 
with a lower risk of CHD for women aged ≥80 years 

(HR, 0.79; 95% CI, 0.69–0.89) but not for women aged 
<80 years (HR, 1.02; 95% CI, 0.86–1.22). Otherwise, 
there was no evidence of effect modification by age, 
BMI, Reynolds Risk Score, or race and ethnicity for 
total DLM-CVD end point associations (all P>0.10).

DISCUSSION
Main Findings
In this racially and ethnically diverse prospective study 
of older women, higher amounts of DLM were inde-
pendently associated with lower risk of incident CVD. 
Compared with women with <2  hours/day of DLM, 
those with at least 4 hours/day had a 43% lower risk 
of major CVD, 43% lower risk of CHD, 30% lower risk 
of stroke, and notably, 62% lower risk of CVD death. 
There were significant inverse linear dose-response 
associations between total DLM and CVD end points, 
indicating that higher DLM could contribute towards 
CVD prevention regardless of where one falls on the 

Figure 2.  Correlations from linear regression of total daily life movement on 41 activities in 
Community Health Activities Model Program for Seniors questionnaire.
DLM indicates daily life movement.
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distribution. We examined whether DLM intensity was 
important as ≈ 16% of DLM is MV. Higher amounts 
of light DLM were associated with lower risk of major 
CVD, stroke, and CVD death, and higher amounts 
of MV-DLM were associated with lower CHD risk. 
However, light DLM-CVD end point associations were 
not significantly different to those for MV DLM at the 
same amount of energy expenditure, suggesting 
higher amounts of both light and MV DLM are similarly 
associated with lower risk of CVD end points. DLM-
CVD end point associations were generally consist-
ent across age, race and ethnicity, BMI, and Reynolds 
Risk Score, suggesting high generalizability that DLM 
could contribute towards CVD prevention among older 
women. Overall, the present study shows that DLM, a 
behavior summarized as being “up and about”, is im-
portant for CVD prevention in older women.

Our results are noteworthy since much of the move-
ment engaged in by older adults is associated with 
daily life tasks, which may not be considered PA by 
older adults themselves or by questionnaires.21 Older 
adults may have difficulty engaging in MV PA because 
of barriers such as age-related changes in physical 
function and uncertainty about options for PA.16,22–24 
Describing the health benefits of PA in terms of com-
mon behaviors such as DLM could reduce these bar-
riers and help older adults accumulate movement. 
DLM can be done in the home setting, which could 
be more accessible than MV PA or common behaviors 
such as walking where physical environmental fac-
tors such as sidewalks could influence participation.23 
Thus, approaches to studying behaviors underlying PA 
could be an important component in efforts aimed at 
increasing movement in older adults.

Table 2.  Associations of Daily Life Movement Quartiles With Incident Major CVD, CHD, Stroke, and CVD Death in the 
OPACH Cohort (n=5416) 2012 to 2020

Quartiles of total daily life movement h/day

p-trend

Q1 Q2 Q3 Q4

<2.19 2.19–3.09 3.09–4.11 ≥4.11

Major CVD

Events (rate*) 240 (32.3) 147 (18.2) 132 (16) 97 (11.4)

Model 1†,‡,§ 1 (ref) 0.63 (0.51–0.77) 0.61 (0.49–0.76) 0.48 (0.38–0.62) <0.001

Model 2‡,§,¶ 1 (ref) 0.68 (0.55–0.84) 0.70 (0.56–0.87) 0.57 (0.45–0.74) <0.001

Model 3‡,§,# 1 (ref) 0.69 (0.56–0.85) 0.72 (0.57–0.90) 0.60 (0.47–0.78) <0.001

CHD

Events (rate*) 108 (14.3) 59 (7.2) 62 (7.4) 39 (4.5)

Model 1†,‡,§ 1 (ref) 0.56 (0.41–0.77) 0.63 (0.46–0.87) 0.43 (0.29–0.63) <0.001

Model 2‡,§,¶ 1 (ref) 0.64 (0.46–0.88) 0.80 (0.57–1.11) 0.57 (0.38–0.84) 0.003

Model 3‡,§,# 1 (ref) 0.65 (0.47–0.90) 0.83 (0.59–1.16) 0.61 (0.40–0.92) 0.01

Stroke

Events (rate*) 77 (10.2) 71 (8.7) 58 (6.9) 47 (5.5)

Model 1†,‡,§ 1 (ref) 0.93 (0.67–1.29) 0.81 (0.58–1.15) 0.70 (0.48–1.02) 0.02

Model 2‡,§,¶ 1 (ref) 0.95 (0.68–1.31) 0.81 (0.56–1.15) 0.70 (0.47–1.03) 0.02

Model 3‡,§,# 1 (ref) 0.95 (0.68–1.32) 0.82 (0.57–1.17) 0.71 (0.48–1.06) 0.03

CVD death

Events (rate*) 164 (21.3) 67 (8) 62 (7.3) 38 (4.4)

Model 1†,‡,§ 1 (ref) 0.43 (0.32–0.57) 0.46 (0.34–0.61) 0.31 (0.22–0.44) <0.001

Model 2‡,§,¶ 1 (ref) 0.47 (0.35–0.62) 0.55 (0.40–0.75) 0.38 (0.26–0.56) <0.001

Model 3‡,§,# 1 (ref) 0.47 (0.35–0.63) 0.56 (0.41–0.76) 0.39 (0.27–0.58) <0.001

Major cardiovascular disease represents the composite of the first reported fatal or non-fatal coronary heart disease, fatal or non-fatal stroke, or death 
attributable to any cardiovascular disease. The first reported fatal or non-fatal coronary heart disease, fatal or non-fatal stroke, and death attributable to any 
cardiovascular disease were examined as separate end points.

CHD indicates coronary heart disease; CVD, cardiovascular disease; OPACH, Objective Physical Activity and Cardiovascular Health; Q1‒Q4, quartile 1 to 
quartile 4; and RAND, Research And Development.

*Event rate per 1000 person-years.
†Model 1 adjusted for age and race and ethnicity.
‡Data are hazard ratio (95% CI).
§Model results estimated using multiple imputation by chained equations from R mice package.
¶Model 2 adjusted for model 1 covariates plus education, alcohol intake, smoking status, multimorbidity, self-rated health, and RAND-36 physical function 

score.
#Model 3 adjusted for model 2 covariates plus body mass index, systolic blood pressure, total cholesterol, high-density lipoprotein, and high-sensitivity C-

reactive protein.
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Our study extends the literature on the prospec-
tive associations of machine-learned accelerometer-
measured behaviors with health outcomes. To our 
knowledge, ours is the first study to examine such as-
sociations with incident CVD and with CHD and stroke 
as separate end points. Our previous study in OPACH 
observed that compared with women with <2.1 hours/
day of DLM (labeled standing with ambulation), those 
with at least 4.1 hours/day of DLM had a 50% lower 
risk of all-cause mortality.10 The focus of the present 
study was an in-depth examination of the associations 
of DLM with non-fatal and fatal CVD events in a com-
posite as well as separate CVD-related end points. 
Another study in OPACH observed that compared with 
women with <3.9 hours/day of LIPA, those with at least 
5.6 hours/day had a 42% and 22% lower risk of CHD 

and CVD, respectively, consistent in direction to results 
in the present study.6 The present study incorporated 
data from an additional 3  years of follow-up and fo-
cused on the common behavior of DLM rather than fo-
cusing specifically on the PA intensity of accelerometer 
counts, which do not yield information on the behav-
iors producing the movements. DLM is strongly nega-
tively correlated with sedentary time (r=−0.87), strongly 
positively correlated with LIPA (r=0.78), and moderately 
positively correlated with MV PA (r=0.65) in OPACH.

As of this writing, relatively few studies examined ob-
jectively measured LIPA-CVD risk factor associations, 
and findings are mixed. A published study in OPACH 
observed favorable associations of accelerometer-
measured LIPA with high-density lipoprotein, glucose, 
and CRP.19 A systematic review of intervention studies 

Figure 3.  Continuous dose-response associations of total, light intensity, and moderate-to-vigorous intensity daily life 
movement hours/day quantiles with (A) incident major cardiovascular disease, (B) coronary heart disease, (C) stroke, and 
(D) cardiovascular disease death.
Models adjusted for age, race and ethnicity, education, alcohol intake, smoking status, multimorbidity, self-rated health, and RAND-36 
physical function score (n=5325). Results were trimmed at the 1st and 99th percentiles. The reference was set to the 10th percentile of 
total (1.52 hours), light intensity (1.31 hours), or moderate-to-vigorous intensity (0.12 hours or 7.3 minutes) daily life movement. Hazard 
ratios (95% CI) for associations of total, light intensity, and moderate-to-vigorous intensity daily life movement at 5th, 25th, 50th, 75th, 
and 95th percentiles with CVD are displayed in Table S3. CVD indicates cardiovascular disease; CHD, coronary heart disease; DLM, 
daily life movement; MV, moderate-to-vigorous intensity; and RAND, Research And Development.
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observed that LIPA improved blood pressure in seden-
tary individuals with hypertension and diabetes, but not 
for lipid profiles.25 Muscle activation during DLM could 
induce changes in heart rate, blood pressure, and vas-
cular tone, leading to increased energy expenditure 
and improvements in endothelial function and lipid me-
tabolism.4,26,27 Additional research on accelerometer-
measured LIPA-CVD risk factor associations across a 
wider age range and in men is warranted.

Strengths and Limitations
The present study has notable strengths. OPACH is 
a large and racially and ethnically diverse study pop-
ulation of older women. A unique strength was the 
machine-learned algorithm used to classify accelerom-
eter data into behaviors. Sufficient follow-up time has 
accumulated to examine CHD, stroke, and CVD death 
separately. We adjusted for differences in health status 
that can affect the ability to move, including self-rated 
health, multimorbidity, and physical function. DLM was 
robustly associated with CVD end points after exten-
sive adjustment for confounders and risk factors and 
results were consistent across subgroups. Evidence 
from sensitivity analyses that excluded data from 163 
women who had incident major CVD within the first 
2 years of follow-up suggest that DLM-CVD associa-
tions are not explained by reverse causation bias as 
results were generally consistent in direction and mag-
nitude to those from the quartile DLM analyses. Results 
for stroke in this sensitivity analysis were consistent in 
direction to those from the quartile DLM analyses and 
the weaker HRs, wider 95% CIs, and non-significant p-
trend could be attributable to a loss in statistical power. 
We addressed missing data by using multiple imputa-
tion by chained equations to reduce selection bias and 
enhance the precision of study results.

The present study has limitations. Women wore ac-
celerometers for up to 7  days, which might not fully 
capture DLM for all women. The gold standard of direct 
observation for behavior measurement is not available 
in OPACH, as it is challenging to collect in large free-
living populations. Approximately 28% of DLM was 
misclassified as standing still or walking in the training 
sample.8 However, an external validation conducted 
on the Two-Level Behavior Classification algorithm 
determined that its performance was not significantly 
related to age, gait speed, use of a walking aid, falls, or 
physical functioning measured with the Short Physical 
Performance Battery, suggesting that the algorithm is 
robust across these characteristics.8 Additionally, since 
the accelerometer data were collected before CVD 
onset, DLM misclassification is likely unrelated to the 
outcome and therefore DLM measurement error is likely 
nondifferential, yielding results that would be biased to-
wards the null. However, it is reassuring that the self-
reported physical activities most strongly correlated 

with DLM were housework and gardening, consistent 
with the behaviors the algorithm was trained to clas-
sify. Measurement error from the Two-Level Behavior 
Classification algorithm and known measurement 
error from applying accelerometer cut-points from the 
OPACH Calibration Study resulted in 15% of DLM time 
being classified as sedentary time.8,16 Despite this error, 
the DLM behavioral compartment was more strongly 
associated with CVD than when using accelerometer 
cut-points in a published OPACH study.6 Applying ab-
solute cut-points to classify DLM intensity to examine 
whether DLM intensity is important also assumed that 
women experienced the same intensity with acceler-
ometer counts in the specified ranges. Although we 
applied calibrated cut-points from a laboratory study 
of 200 OPACH women, future studies should consider 
developing methods to examine intensity levels relative 
to the maximum exertion that participants are capa-
ble of, to investigate intensity on a relative scale. Lastly, 
given a study population of older women in OPACH, 
replication in men and younger individuals to increase 
generalizability is warranted.

CONCLUSIONS
The present study showed that higher amounts of 
DLM, summarized as “being up and about”, is associ-
ated with a lower risk of major CVD, CHD, stroke, and 
CVD death in community-living older women, suggest-
ing that “all movement counts” towards CVD preven-
tion. Replication in other cohorts and in men, in addition 
to large randomized trials including the WHISH (WHI 
Strong and Healthy) trial, are needed to confirm these 
findings.28 Nonetheless, DLM should be promoted 
given its ubiquity in everyday life and relatively low risk. 
To determine the scope of potential health benefits of 
DLM, future research should test associations with 
other aging-related outcomes. Healthcare providers 
and future national physical guidelines should consider 
describing the health benefits of PA in terms of com-
mon behaviors resulting in PA, such as DLM, which 
could help older adults accumulate PA.
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SUPPLEMENTAL MATERIAL 

 

 



Table S1. Complete case analysis for associations of daily life movement (DLM) quartiles with incident major 

CVD, CHD, stroke, and CVD death in the Objectively Measured Physical Activity and Cardiovascular 

Health (OPACH) Cohort 2012-2020. 

 

 Quartiles of total daily life movement (DLM) hours/day  

 Q1 Q2 Q3 Q4  

 <2.19 2.19-3.09 3.09-4.11 ≥4.11 p-trend 

 Major CVD  

Events (rate*) 240 (32.3) 147 (18.2) 132 (16) 97 (11.4)  

Model 1†, ‡ 1 (ref) 0.63 (0.51-0.77) 0.61 (0.49-0.76) 0.48 (0.38-0.61) <0.001 

Model 2A§, ‡ 1 (ref) 0.70 (0.56-0.86) 0.70 (0.56-0.88) 0.59 (0.46-0.76) <0.001 

Model 2B¶, ‡ 1 (ref) 0.73 (0.59-0.90) 0.72 (0.57-0.91) 0.62 (0.48-0.80) <0.001 

Model 3A#, ‡ 1 (ref) 0.69 (0.54-0.87) 0.73 (0.57-0.94) 0.63 (0.47-0.83) 0.001 

Model 3B||, ‡ 1 (ref) 0.72 (0.57-0.92) 0.75 (0.58-0.96) 0.65 (0.49-0.87) 0.003 

 CHD  

Events (rate*) 108 (14.3) 59 (7.2) 62 (7.4) 39 (4.5)  

Model 1†, ‡ 1 (ref) 0.56 (0.41-0.77) 0.63 (0.46-0.87) 0.43 (0.30-0.62) <0.001 

Model 2A§, ‡ 1 (ref) 0.63 (0.46-0.87) 0.78 (0.56-1.09) 0.57 (0.39-0.85) 0.003 

Model 2B¶, ‡ 1 (ref) 0.64 (0.46-0.90) 0.79 (0.56-1.10) 0.61 (0.41-0.90) 0.01 

Model 3A#, ‡ 1 (ref) 0.57 (0.40-0.81) 0.69 (0.48-1.00) 0.56 (0.36-0.86) 0.003 

Model 3B||, ‡ 1 (ref) 0.58 (0.40-0.84) 0.69 (0.47-1.01) 0.58 (0.37-0.90) 0.01 

 Stroke  

Events (rate*) 77 (10.2) 71 (8.7) 58 (6.9) 47 (5.5)  

Model 1†, ‡ 1 (ref) 0.93 (0.68-1.29) 0.81 (0.58-1.15) 0.70 (0.48-1.02) 0.02 

Model 2A§, ‡ 1 (ref) 0.98 (0.70-1.36) 0.83 (0.58-1.19) 0.72 (0.49-1.06) 0.03 

Model 2B¶, ‡ 1 (ref) 1.05 (0.75-1.47) 0.87 (0.60-1.25) 0.74 (0.50-1.10) 0.03 

Model 3A#, ‡ 1 (ref) 1.00 (0.69-1.45) 0.90 (0.60-1.33) 0.74 (0.48-1.15) 0.15 

Model 3B||, ‡ 1 (ref) 1.07 (0.73-1.56) 0.93 (0.62-1.40) 0.76 (0.48-1.19) 0.16 

 CVD Death  

Events (rate*) 164 (21.3) 67 (8) 62 (7.3) 38 (4.4)  

Model 1†, ‡ 1 (ref) 0.43 (0.32-0.57) 0.46 (0.34-0.61) 0.31 (0.22-0.44) <0.001 

Model 2A§, ‡ 1 (ref) 0.48 (0.36-0.64) 0.55 (0.41-0.75) 0.39 (0.27-0.57) <0.001 

Model 2B¶, ‡ 1 (ref) 0.52 (0.39-0.70) 0.58 (0.42-0.79) 0.42 (0.29-0.61) <0.001 

Model 3A#, ‡ 1 (ref) 0.48 (0.35-0.66) 0.59 (0.42-0.83) 0.42 (0.28-0.63) <0.001 

Model 3B||, ‡ 1 (ref) 0.53 (0.38-0.73) 0.63 (0.45-0.89) 0.45 (0.29-0.68) <0.001 

Abbreviations: CVD = cardiovascular disease; CHD = coronary heart disease 
Major CVD represents the composite of the first reported fatal or non-fatal CHD, fatal or non-fatal stroke, or death 
attributable to any CVD. The first reported fatal or non-fatal CHD, fatal or non-fatal stroke, and death attributable 
to any CVD were examined as separate endpoints. 
* Event rate per 1000 person-years 
† Model 1 adjusted for age and race/ethnicity (n=5416), for which there was no missing data. 
‡ Data are hazard ratio (95% CI) 
§ Model 2A adjusted for model 1 covariates plus education, alcohol intake, smoking status, multimorbidity, self-
rated health, and RAND-36 physical function score (n=5325). 
¶ Model 2B adjusted for model 2A covariates plus assistive device use (n=5182) 
# Model 3A adjusted for model 2 covariates plus BMI, systolic blood pressure, total cholesterol, HDL, and hs-CRP 
(n=4221). 
|| Model 3B adjusted for model 3A covariates plus assistive device use (n=4107)



 

Table S2. Sensitivity analysis for associations of daily life movement (DLM) quartiles with incident major 

CVD, CHD, stroke, and CVD death in the Objectively Measured Physical Activity and Cardiovascular 

Health (OPACH) Cohort 2012-2020 after excluding data from 163 women who had major CVD events within 

the first 2 years of follow-up. 

 Quartiles of total daily life movement (DLM) hours/day  

 Q1 Q2 Q3 Q4  

 <2.19 2.19-3.09 3.09-4.11 ≥4.11 p-trend 

 Major CVD  

Events (rate*) 164 [22.3] 113 [14] 98 [11.9] 78 [9.2]  

Model 1†, ‡, § 1 (ref) 0.68 (0.54-0.87) 0.63 (0.49-0.82) 0.54 (0.41-0.71) <0.001 

Model 2¶, ‡, § 1 (ref) 0.75 (0.58-0.95) 0.73 (0.56-0.95) 0.65 (0.49-0.87) 0.001 

Model 3A#, ‡, § 1 (ref) 0.76 (0.58-0.99) 0.77 (0.58-1.03) 0.71 (0.52-0.99) 0.03 

Model 3B#, ‡, §, || 1 (ref) 0.75 (0.59-0.96) 0.74 (0.57-0.97) 0.68 (0.50-0.92) 0.003 

 CHD  

Events (rate*) 69 [9.3] 41 [5] 47 [5.7] 28 [3.3]  

Model 1†, ‡, § 1 (ref) 0.58 (0.39-0.85) 0.71 (0.48-1.03) 0.44 (0.28-0.69) <0.001 

Model 2¶, ‡, § 1 (ref) 0.65 (0.43-0.96) 0.88 (0.60-1.30) 0.59 (0.37-0.95) 0.02 

Model 3A#, ‡, § 1 (ref) 0.55 (0.35-0.86) 0.78 (0.51-1.20) 0.58 (0.35-0.96) 0.03 

Model 3B#, ‡, §, || 1 (ref) 0.67 (0.45-1.00) 0.91 (0.61-1.36) 0.62 (0.38-1.02) 0.05 

 Stroke  

Events (rate*) 51 [6.9] 55 [6.8] 39 [4.7] 39 [4.6]  

Model 1†, ‡, § 1 (ref) 1.05 (0.72-1.54) 0.79 (0.52-1.21) 0.83 (0.54-1.27) 0.09 

Model 2¶, ‡, § 1 (ref) 1.10 (0.75-1.63) 0.80 (0.52-1.24) 0.84 (0.54-1.31) 0.09 

Model 3A#, ‡, § 1 (ref) 1.14 (0.74-1.75) 0.83 (0.52-1.34) 0.86 (0.52-1.42) 0.22 

Model 3B#, ‡, §, || 1 (ref) 1.06 (0.72-1.58) 0.78 (0.50-1.22) 0.85 (0.53-1.35) 0.10 

 CVD Death  

Events (rate*) 116 [15.5] 55 [6.7] 50 [6] 36 [4.2]  

Model 1†, ‡, § 1 (ref) 0.48 (0.35-0.66) 0.50 (0.35-0.69) 0.39 (0.27-0.57) <0.001 

Model 2¶, ‡, § 1 (ref) 0.53 (0.38-0.74) 0.60 (0.42-0.85) 0.50 (0.33-0.74) <0.001 

Model 3A#, ‡, § 1 (ref) 0.54 (0.38-0.78) 0.64 (0.44-0.94) 0.52 (0.33-0.81) 0.003 

Model 3B#, ‡, §, || 1 (ref) 0.52 (0.38-0.73) 0.6 (0.42-0.85) 0.49 (0.32-0.74) <0.001 

Abbreviations: CVD = cardiovascular disease; CHD = coronary heart disease 
Major CVD represents the composite of the first reported fatal or non-fatal CHD, fatal or non-fatal stroke, or death 
attributable to any CVD. The first reported fatal or non-fatal CHD, fatal or non-fatal stroke, and death attributable 
to any CVD were examined as separate endpoints. 
* Event rate per 1000 person-years 
† Model 1 adjusted for age and race/ethnicity (n=5253). 
‡ Data are hazard ratio (95% CI) 
¶ Model 2 adjusted for model 1 covariates plus education, alcohol intake, smoking status, multimorbidity, self-
rated health, and RAND-36 physical function score (n=5165). 
# Model 3 adjusted for model 2 covariates plus BMI, systolic blood pressure, total cholesterol, HDL, and hs-CRP 
(n=4094). 
|| Model results estimated using multiple imputation by chained equations (MICE) from R mice package 



Table S3. Hazard ratio (95% CI) for associations of total, light, and moderate-to-vigorous intensity daily life movement (DLM) at 5th, 25th, 50th, 75th, and 

95th percentile, relative to 10th percentile, with CVD Endpoints. 

 5th Percentile 10th Percentile 25th Percentile 50th Percentile 75th percentile 95th percentile 

 Total DLM hours/day 

 1.10 1.52 2.19 3.10 4.12 5.87 

Major CVD 1.04 (1.02-1.05) 1 (ref) 0.90 (0.86-0.95) 0.76 (0.67-0.86) 0.64 (0.52-0.78) 0.56 (0.43-0.73) 

CHD 1.03 (1.01-1.06) 1 (ref) 0.91 (0.84-0.97) 0.77 (0.64-0.93) 0.65 (0.48-0.89) 0.57 (0.38-0.86) 

Stroke 1.03 (1.00-1.05) 1 (ref) 0.93 (0.86-1.00) 0.82 (0.68-0.99) 0.73 (0.53-0.99) 0.66 (0.44-0.99) 

CVD Death 1.06 (1.04-1.09) 1 (ref) 0.83 (0.78-0.89) 0.62 (0.51-0.74) 0.45 (0.34-0.61) 0.35 (0.24-0.52) 

 Light intensity DLM hours/day 

 0.95 1.31 1.87 2.59 3.44 4.80 

Major CVD 1.03 (1.02-1.05) 1 (ref) 0.90 (0.86-0.95) 0.77 (0.68-0.87) 0.65 (0.53-0.79) 0.57 (0.44-0.73) 

CHD 1.03 (1.00-1.05) 1 (ref) 0.92 (0.86-0.99) 0.81 (0.67-0.97) 0.71 (0.52-0.96) 0.63 (0.43-0.94) 

Stroke 1.03 (1.00-1.05) 1 (ref) 0.92 (0.86-0.99) 0.80 (0.67-0.97) 0.70 (0.52-0.95) 0.63 (0.42-0.93) 

CVD Death 1.06 (1.04-1.09) 1 (ref) 0.83 (0.78-0.89) 0.62 (0.52-0.74) 0.46 (0.34-0.61) 0.36 (0.25-0.52) 

 Moderate-to-vigorous intensity DLM minutes/day 

 4.40 7.30 14.4 25.4 42.6 79.4 

Major CVD 1.03 (1.01-1.04) 1 (ref) 0.92 (0.88-0.97) 0.80 (0.71-0.91) 0.70 (0.57-0.86) 0.63 (0.48-0.82) 

CHD 1.04 (1.02-1.07) 1 (ref) 0.88 (0.82-0.94) 0.71 (0.58-0.86) 0.57 (0.42-0.78) 0.48 (0.32-0.73) 

Stroke 1.01 (0.99-1.04) 1 (ref) 0.97 (0.90-1.04) 0.91 (0.75-1.10) 0.86 (0.63-1.17) 0.82 (0.55-1.23) 

CVD Death 1.05 (1.02-1.07) 1 (ref) 0.87 (0.82-0.94) 0.70 (0.59-0.84) 0.56 (0.42-0.75) 0.47 (0.32-0.69) 

Abbreviations: CVD = cardiovascular disease; CHD = coronary heart disease; DLM = daily life movement 
Major CVD represents the composite of the first reported fatal or non-fatal CHD, fatal or non-fatal stroke, or death attributable to any CVD. The first reported 
fatal or non-fatal CHD, fatal or non-fatal stroke, and death attributable to any CVD were examined as separate endpoints. 
Models adjusted for age, race/ethnicity, education, alcohol intake, smoking status, multimorbidity, self-rated health, and RAND-36 physical function score 

(N=5325).  



 

 

 

 

 

 

 

 

 

Table S4. Hazard ratio (95% CI) for associations of total, light, and moderate-to-vigorous intensity daily life movement (DLM) at 5th, 25th, 50th, 75th, and 

95th percentile, relative to 10th percentile, with CVD Endpoints, with models for light and moderate-to-vigorous intensity DLM mutually adjusted for 

each other. 

 5th Percentile 10th Percentile 25th Percentile 50th Percentile 75th percentile 95th percentile 

 Total DLM hours/day 

 1.10 1.52 2.19 3.10 4.12 5.87 

Major CVD 1.04 (1.02-1.05) 1 (ref) 0.90 (0.86-0.95) 0.76 (0.67-0.86) 0.64 (0.52-0.78) 0.56 (0.43-0.73) 

CHD 1.03 (1.01-1.06) 1 (ref) 0.91 (0.84-0.97) 0.77 (0.64-0.93) 0.65 (0.48-0.89) 0.57 (0.38-0.86) 

Stroke 1.03 (1.00-1.05) 1 (ref) 0.93 (0.86-1.00) 0.82 (0.68-0.99) 0.73 (0.53-0.99) 0.66 (0.44-0.99) 

CVD Death 1.06 (1.04-1.09) 1 (ref) 0.83 (0.78-0.89) 0.62 (0.51-0.74) 0.45 (0.34-0.61) 0.35 (0.24-0.52) 

 Light intensity DLM hours/day 

 0.95 1.31 1.87 2.59 3.44 4.80 

Major CVD 1.03 (1.01-1.05) 1 (ref) 0.92 (0.87-0.97) 0.81 (0.70-0.93) 0.70 (0.55-0.90) 0.63 (0.46-0.87) 

CHD 1.00 (0.98-1.03) 1 (ref) 0.99 (0.91-1.07) 0.96 (0.77-1.20) 0.94 (0.65-1.35) 0.92 (0.57-1.48) 

Stroke 1.03 (1.00-1.06) 1 (ref) 0.91 (0.83-0.99) 0.78 (0.62-0.98) 0.66 (0.46-0.97) 0.58 (0.36-0.96) 

CVD Death 1.06 (1.03-1.08) 1 (ref) 0.85 (0.79-0.92) 0.66 (0.53-0.81) 0.50 (0.36-0.71) 0.41 (0.26-0.64) 

 Moderate-to-vigorous intensity DLM minutes/day 

 4.40 7.30 14.4 25.4 42.6 79.4 

Major CVD 1.01 (0.99-1.03) 1 (ref) 0.97 (0.91-1.02) 0.91 (0.78-1.06) 0.86 (0.67-1.10) 0.82 (0.60-1.14) 

CHD 1.04 (1.01-1.07) 1 (ref) 0.89 (0.81-0.97) 0.73 (0.57-0.92) 0.59 (0.41-0.87) 0.50 (0.31-0.83) 

Stroke 0.99 (0.96-1.02) 1 (ref) 1.02 (0.93-1.12) 1.06 (0.84-1.34) 1.10 (0.75-1.60) 1.13 (0.69-1.86) 

CVD Death 1.01 (0.99-1.04) 1 (ref) 0.96 (0.89-1.04) 0.90 (0.73-1.12) 0.84 (0.59-1.19) 0.80 (0.51-1.26) 

Abbreviations: CVD = cardiovascular disease; CHD = coronary heart disease; DLM = daily life movement;  
Major CVD represents the composite of the first reported fatal or non-fatal CHD, fatal or non-fatal stroke, or death attributable to any CVD. The first reported 
fatal or non-fatal CHD, fatal or non-fatal stroke, and death attributable to any CVD were examined as separate endpoints. 
Models adjusted for age, race/ethnicity, education, alcohol intake, smoking status, multimorbidity, self-rated health, and RAND-36 physical function score 

(N=5325).  



Table S5. Associations of each 1-hour/day increment in daily life movement (DLM) with incident major CVD, CHD, stroke, and CVD death in the 

Objectively Measured Physical Activity and Cardiovascular Health (OPACH) cohort 2012-2020. 

 HR (95% CI) for a 1-hour/day increment in daily life movement 

 Total DLM p-value Light intensity DLM p-value Moderate-to-vigorous 

intensity DLM 

p-value 

Major CVD 

Model 1* 0.82 (0.77-0.87) <0.001 0.79 (0.73-0.85) <0.001 0.55 (0.43-0.71) <0.001 

Model 2† 0.86 (0.80-0.92) <0.001 0.84 (0.77-0.91) <0.001 0.67 (0.51-0.86) <0.001 

Model 3‡ 0.89 (0.82-0.95) <0.001 0.87 (0.79-0.95) <0.001 0.72 (0.54-0.95) 0.02 

Model 3A§ 0.87 (0.81-0.93) <0.001 0.84 (0.78-0.92) <0.001 0.70 (0.54-0.91) 0.01 

CHD 

Model 1* 0.79 (0.72-0.87) <0.001 0.78 (0.69-0.87) <0.001 0.38 (0.25-0.58) <0.001 

Model 2† 0.86 (0.77-0.95) <0.001 0.85 (0.76-0.96) 0.01 0.50 (0.33-0.77) <0.001 

Model 3‡ 0.84 (0.75-0.95) <0.001 0.85 (0.74-0.97) 0.01 0.46 (0.29-0.74) <0.001 

Model 3A§ 0.87 (0.79-0.97) 0.01 0.87 (0.77-0.99) 0.04 0.55 (0.36-0.84) 0.01 

Stroke 

Model 1* 0.89 (0.81-0.98) 0.020 0.87 (0.78-0.97) 0.02 0.79 (0.55-1.13) 0.2 

Model 2† 0.89 (0.81-0.99) 0.03 0.87 (0.77-0.98) 0.02 0.82 (0.57-1.19) 0.29 

Model 3‡ 0.92 (0.83-1.03) 0.15 0.90 (0.79-1.03) 0.12 0.90 (0.61-1.34) 0.62 

Model 3A§ 0.89 (0.80-0.99) 0.03 0.86 (0.76-0.98) 0.02 0.81 (0.55-1.17) 0.26 

CVD Death 

Model 1* 0.71 (0.65-0.78) <0.001 0.66 (0.60-0.74) <0.001 0.38 (0.26-0.57) <0.001 

Model 2† 0.76 (0.69-0.84) <0.001 0.72 (0.64-0.81) <0.001 0.51 (0.34-0.75) <0.001 

Model 3‡ 0.79 (0.71-0.88) <0.001 0.76 (0.67-0.86) <0.001 0.56 (0.36-0.85) 0.01 

Model 3A§ 0.76 (0.69-0.84) <0.001 0.71 (0.63-0.81) <0.001 0.54 (0.36-0.81) 0.003 

Abbreviations: CVD = cardiovascular disease; CHD = coronary heart disease; DLM = daily life movement 
Major CVD represents the composite of the first reported fatal or non-fatal CHD, fatal or non-fatal stroke, or death attributable to any CVD. The first reported 
fatal or non-fatal CHD, fatal or non-fatal stroke, and death attributable to any CVD were examined as separate endpoints. 
* Model 1 adjusted for age and race/ethnicity (N=5416). 
† Model 2 adjusted for model 1 covariates plus education, alcohol intake, smoking status, multimorbidity, self-rated health, and RAND-36 physical function 
score (N=5325). 
‡ Model 3 adjusted for model 2 covariates plus BMI, systolic blood pressure, total cholesterol, HDL, and hs-CRP (N=4221). 
§ Model 3A results were estimated using multiple imputation by chained equations (MICE) from R mice package and contained model 3 covariates.   



 

 

 

Table S6. Associations of each 1-hour/day increment in total and mutually adjusted light intensity and moderate-to-vigorous intensity (MV) daily life 

movement (DLM) with incident major CVD, CHD, stroke, and CVD death in the Objectively Measured Physical Activity and Cardiovascular Health 

(OPACH) cohort 2012-2020. 

 HR (95% CI) for a 1-hour/day increment in daily life movement (DLM) 

 Total DLM p-value Light intensity 

DLM* 

p-value Moderate-to-vigorous 

intensity DLM* 

p-value 

Major CVD 

Model 1† 0.82 (0.77, 0.87) <0.001 0.81 (0.74, 0.89) <0.001 0.82 (0.61, 1.11) 0.20 

Model 2‡ 0.86 (0.80, 0.92) <0.001 0.86 (0.78, 0.94) <0.001 0.87 (0.65, 1.17) 0.35 

Model 3§ 0.89 (0.82, 0.95) <0.001 0.89 (0.80, 0.99) 0.03 0.87 (0.63, 1.20) 0.40 

Model 3A¶ 0.87 (0.81, 0.93) <0.001 0.86 (0.78, 0.94) 0.002 0.91 (0.68, 1.22) 0.52 

CHD 

Model 1† 0.79 (0.72, 0.87) <0.001 0.87 (0.76, 0.99) 0.04 0.51 (0.31, 0.84) 0.01 

Model 2‡ 0.86 (0.77, 0.95) <0.001 0.93 (0.81, 1.07) 0.32 0.57 (0.35, 0.94) 0.03 

Model 3§ 0.84 (0.75, 0.95) <0.001 0.94 (0.81, 1.10) 0.46 0.51 (0.30, 0.88) 0.02 

Model 3A¶ 0.87 (0.79, 0.97) 0.01 0.95 (0.82, 1.10) 0.48 0.60 (0.37, 0.99) 0.05 

Stroke 

Model 1† 0.89 (0.81, 0.98) 0.02 0.87 (0.76, 0.99) 0.04 1.02 (0.67, 1.56) 0.92 

Model 2‡ 0.89 (0.81, 0.99) 0.03 0.86 (0.74, 0.99) 0.03 1.06 (0.69, 1.62) 0.79 

Model 3§ 0.92 (0.83, 1.03) 0.15 0.88 (0.75, 1.03) 0.12 1.10 (0.70, 1.72) 0.69 

Model 3A¶ 0.89 (0.80, 0.99) 0.03 0.86 (0.74, 0.99) 0.04 1.03 (0.67, 1.59) 0.88 

CVD Death 

Model 1† 0.71 (0.65, 0.78) <0.001 0.68 (0.60, 0.78) <0.001 0.83 (0.54, 1.29) 0.42 

Model 2‡ 0.76 (0.69, 0.84) <0.001 0.73 (0.64, 0.84) <0.001 0.90 (0.58, 1.40) 0.63 

Model 3§ 0.79 (0.71, 0.88) <0.001 0.77 (0.67, 0.90) <0.001 0.87 (0.54, 1.41) 0.58 

Model 3A¶ 0.76 (0.69, 0.84) <0.001 0.72 (0.62, 0.82) <0.001 0.98 (0.63, 1.53) 0.94 

Abbreviations: CVD = cardiovascular disease; CHD = coronary heart disease; DLM = daily life movement 
Major CVD represents the composite of the first reported fatal or non-fatal CHD, fatal or non-fatal stroke, or death attributable to any CVD. The first reported 
fatal or non-fatal CHD, fatal or non-fatal stroke, and death attributable to any CVD were examined as separate endpoints. 
* Models for light intensity and moderate-to-vigorous intensity DLM were mutually adjusted for each other. 

† Model 1 adjusted for age and race/ethnicity (N=5416). 
‡ Model 2 adjusted for model 1 covariates plus education, alcohol intake, smoking status, multimorbidity, self-rated health, and RAND-36 physical function 
score (N=5325). 
§ Model 3 adjusted for model 2 covariates plus BMI, systolic blood pressure, total cholesterol, HDL, and hs-CRP (N=4221). 
¶ Model 3A results were estimated using multiple imputation by chained equations (MICE) from R mice package and contained model 3 covariates. 



Table S7. Hazard ratio (95% CI) for associations of mutually adjusted* light intensity and moderate-to-vigorous intensity DLM MET-hours/day with 

CVD endpoints. 

CVD endpoint Light intensity 

DLM 

p-value Moderate-to-vigorous intensity 

DLM 

p-value 

Major CVD 0.93 (0.88-0.97) 0.001 0.96 (0.89-1.04) 0.35 

CHD 0.97 (0.90-1.03) 0.32 0.86 (0.76-0.98) 0.03 

Stroke 0.93 (0.86-0.99) 0.03 1.02 (0.91-1.14) 0.79 

CVD Death 0.86 (0.80-0.92) <0.001 0.97 (0.86-1.09) 0.63 

Abbreviations: CVD = cardiovascular disease; CHD = coronary heart disease; DLM = daily life movement 
Major CVD represents the composite of the first reported fatal or non-fatal CHD, fatal or non-fatal stroke, or death attributable to any CVD. The first reported 
fatal or non-fatal CHD, fatal or non-fatal stroke, and death attributable to any CVD were examined as separate endpoints. 
* Model adjusted for age, race/ethnicity, education, alcohol intake, smoking status, multimorbidity, self-rated health, and RAND-36 physical function score 
(N=5325). 

 



Figure S1. Continuous dose-response associations of total, and mutually adjusted light and moderate-to-

vigorous intensity (MV) daily life movement (DLM) hours/day quantiles with (A) incident major CVD, (B) 

CHD, (C) stroke, and (D) CVD death. 

 

 

Abbreviations: CVD = cardiovascular disease; CHD = coronary heart disease; DLM = daily life movement; MV = 

moderate-to-vigorous intensity 

Models adjusted for age, race/ethnicity, education, alcohol intake, smoking status, multimorbidity, self-rated 

health, and RAND-36 physical function score (N=5325). Results were trimmed at the 1st and 99th percentiles. The 

reference was set to the 10th percentile of total (1.52 hours), light intensity (1.31 hours), or moderate-to-vigorous 

intensity (0.12 hours or 7.3 minutes) DLM. HR (95% CI) for associations of total, light, and moderate-to-vigorous 

intensity DLM at 5th, 25th, 50th, 75th, and 95th percentiles with CVD are displayed in Table S4. 

 

 


