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Abstract

The goal of this study was to examine associations between accelerometer-measured physical
activity (PA) and sedentary time (ST) with mortality by a genetic risk score (GRS) for longevity.
Among 5,446 women, (mean [standard deviation] age, 78.2 [6.6] years), 1,022 deaths were
observed during 33,350 person-years of follow-up. Using multivariable Cox proportional hazards
models, higher light PA and MVPA were associated with lower mortality across all GRS for
longevity categories (low/medium/high; freng < .001, all). Higher ST was associated with higher
mortality (treng across all GRS categories < .001). Interaction tests for PA and ST with the GRS
were not statistically significant. Findings support the importance of higher PA and lower ST for
reducing mortality risk in older women, regardless of genetic predisposition for longevity.

Keywords
healthy aging; physical activity; sedentary behavior; mortality; women’s health

Engaging in physical activity (PA) and reducing sedentary time (ST) are important to
achieve healthy aging (U.S. Department of Health and Human Services, 2018). Several
studies have reported inverse associations between PA and mortality (Almeida et al., 2014;
Lee et al., 2018; Mok et al., 2019; Oguma et al., 2002). Moderate-to-vigorous PA (MVPA),
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even below the recommended amount of 150 minutes per week for older adults (U.S.
Department of Health and Human Services, 2018), was associated with 22% lower mortality
risk in a meta-analysis (Hupin et al., 2015). Another meta-analysis showed that individuals
at the highest levels of accelerometer-measured ST had higher mortality risk (Ekelund et al.,
2019).

Longevity is likely due to environmental (e.g., lifestyle behaviors) and genetic factors
(Hjelmborg et al., 2006). Genome-wide association studies (GWAS) have identified multiple
single nucleotide polymorphisms (SNPs) associated with longevity (Deelen et al., 2019;
Pilling et al., 2017; Shadyab & LaCroix, 2015). Despite consistent evidence of associations
of PA and ST with mortality, it is unknown whether associations of PA and ST with
mortality vary by genetic predisposition for longevity. If these associations do not vary

by genetic predisposition for longevity, then this would provide further support for the
importance of a physically active lifestyle, regardless of genetic tendency for greater
longevity.

Previous studies examining the Objective Physical Activity and Cardiovascular Health
(OPACH) cohort of older women found strong associations of accelerometer-measured light
PA, MVPA, and ST with all-cause mortality during a mean follow-up of 3.1 years (LaMonte
et al., 2018). However, no attempt was made to understand the genetic contribution to these
associations. Therefore, the goal of this study was to leverage a longer mean follow-up

of 6.1 years in the OPACH cohort to replicate these associations and extend them by
determining the extent to which findings vary by a weighted genetic risk score (GRS) for
longevity. We also tested for effect modification by GRS for longevity in these associations.

Study Participants

OPACH is an ancillary study to the Women’s Health Initiative (WHI) designed to investigate
accelerometer-measured PA and ST in relation to cardiovascular and fall events among
7,058 United States postmenopausal women aged =63 years. Complete details on study
design have been extensively reported elsewhere for the WHI (Anderson et al., 2003)

and OPACH study (LaCroix et al., 2017). Briefly, OPACH participants were recruited

from a subset of the WHI Clinical Trial or the Observational Study from 40 clinical sites
throughout the United States from 1993 to 1998. WHI participants were followed annually
until 2005, with extension studies that enrolled consenting participants for continued follow-
up through 2010, 2015, and 2020. OPACH women were enrolled from March 2012 to

April 2014 and followed through February 28, 2020 at the time of this analysis. All

baseline covariate information was obtained using self-report questionnaires and an in-home
clinical examination. Covariates from OPACH baseline assessments were used in the present
analysis.

OPACH participants were provided an ActiGraph GT3X+ triaxial accelerometer (ActiGraph,
Pensacola, FL), which they were instructed to wear over their right hip for 24 hours per

day (except when bathing or swimming) for 7 consecutive days. Participants reported

in-bed and out-of-bed times using sleep logs on days of accelerometer wear. Of the 7,058
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enrolled OPACH sample, 10 died before receiving OPACH materials, 327 did not return the
accelerometer, 232 returned the accelerometer with unusable data, and 363 had non-adherent
wear (i.e., they did not wear accelerometers for at least 10 hours for 4 days, which is the
recommended period for accurately measuring usual behavior) (Migueles et al., 2017). Of
the 6,126 with adherent accelerometer wear, 680 did not have genotyping data, yielding

an analytic sample of 5,446 women for the present study (Figure 1). The WHI program,
including the collection of genetic data, and the OPACH study were reviewed and approved
by the Fred Hutchinson Cancer Research Center Institutional Review Board in Seattle, WA
in accordance with the U.S. Department of Health and Human Services regulations at 45
CFR 46 (approval number 3467-EXT). All participants provided informed consent either in
writing, or via a telephone-based consent process.

Outcome: All-Cause Mortality

The primary outcome of interest was all-cause mortality from 2012-2014 baseline through
February 28, 2020. In the WHI, mortality surveillance is conducted using annual mailed
outcomes questionnaires supplemented by National Death Index searches, proxy queries,
obituaries, and hospital records (Curb et al., 2003).

Exposures: Physical Activity and Sedentary Time

The primary exposures of interest were time spent in light PA, MVPA, and total ST,
defined as the average of each behavior over all adherent days. Accelerometer data were
converted to 15-second epochs using ActiLife v6, processed using the Choi algorithm

to flag non-wear time with a 90-minute window, 30-minute streamframe, and 2-minute
tolerance (Choi et al., 2011). The 15-second epochs allowed for lower misclassification of
movement that may have been missed in longer epochs and is consistent with prior OPACH
work (LaMonte et al., 2018). In-bed time was identified using sleep diaries. Awake-time
epochs were classified into ST and PA intensities using cutpoints determined in a previous
calibration study (Evenson, Wen, Herring, et al., 2015). Total PA was defined as movement
resulting in energy expenditure of 1.6 metabolic equivalents (METS). PA intensity and ST
minutes were categorized using calibrated cutpoints applied to 15-second epochs of vector
magnitude accelerometer counts as follows: light PA (1.6-2.9 METS) defined as 19-518
counts/15s, MVPA (=3.0 METS) as =519 counts/15s, and total ST as <18 counts/15s.

Effect Modifier: Genetic Risk Score for Longevity

The weighted GRS for longevity included three SNPs significantly associated with longevity
in a large meta-analysis of 18 GWAS that included 11,262 cases surviving to the 90t
percentile (defined by study population census data) and 25,483 controls of European
ancestry: 15429358, rs7412, and rs7676745 (Deelen et al., 2019). rs429358 and rs7412 are
SNPs for the APOE gene (Mahley & Rall, 2000).

In the overall WHI sample, 27,131 women had relevant genotyping data from previous core
and ancillary studies (see https://www.whi.org/gwas; accessed 4/25/2021; Supplementary
Methods 1). For the present study, directly genotyped SNPs were coded as 0, 1 or 2,
indicating the number of longevity alleles present, and imputed SNPs used mean dosages
between 0 and 2. The GRS was calculated by weighting the sum of longevity-influencing
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alleles for each SNP by their estimated effect sizes reported in the meta-analysis of GWAS
described above (see Supplementary Methods 2). We validated this GRS for longevity in the
WHI cohort (described below).

Covariates were selected based on previous literature (LaMonte et al., 2018) and included
age (years), race/ethnicity (White, Black, Hispanic), education (<high school, some
college, >college graduate), body mass index (BMI; kg/m?2), self-reported health status
(excellent or very good, good, fair or poor), physical functioning as defined by the
RAND-36 questionnaire (Hays & Morales, 2001), alcohol consumption (non-drinker, <1,
1-4, =5 drinks per week), smoking status (current, past, former), and comorbidities (0,

1, 22). Comorbidities were analyzed as the sum of nine chronic conditions present at or
before accelerometer wear: cancer, cardiovascular disease, cerebrovascular disease, chronic
obstructive pulmonary disease, cognitive impairment, depression, diabetes, frequent falls,
and osteoarthritis (Rillamas-Sun et al., 2016).

Statistical Analysis

The GRS was split into tertiles (low, medium, or high genetic predisposition for longevity).
Participant characteristics were described across tertiles of GRS and total PA. Comparisons
across tertiles of GRS and total PA were performed using analysis of variance or Kruskal-
Wallis tests for normally distributed and non-normally distributed continuous variables,
respectively, and Pearson’s XZ for categorical variables.

The GRS was validated in the overall WHI sample and in the OPACH cohort. To validate
the GRS in the present study, odds ratios (ORs) and 95% confidence intervals (Cls) were
estimated for relations between the GRS for longevity and survival to age 90 vs. death
before this age using logistic regression models in OPACH (n=1,641) and the overall WHI
sample (n=11,660). Women who were born on or before February 28, 1930, who had the
ability to survive to age 90 as of the last date of follow-up, were eligible to be included

in this analysis. Both models adjusted for age, race/ethnicity, and the first five principal
components (PCs) to control for population stratification (i.e., differences in allele frequency
due to ancestry) and account for genetic ancestry (Price et al., 2006).

Associations of PA and ST with mortality were estimated using Cox proportional hazards
regression models. Time to mortality was defined as number of days from first day of
accelerometer wear at OPACH baseline to date of death, loss to follow-up, or February 28,
2020, whichever came first. Two sequentially adjusted models were computed. Model 1
adjusted for accelerometer wear time, age, race/ethnicity, education, BMI, smoking status,
self-reported health status, alcohol consumption, and comorbidities. Model 2 additionally
adjusted for physical functioning. To examine whether these associations varied by a GRS
for longevity, we stratified models by GRS tertiles. Two sequentially adjusted models were
computed. Model 1 adjusted for accelerometer wear time, age, race/ethnicity, and the first
five PCs to control for population stratification; Model 2 additionally adjusted for education,
BMI, smoking status, self-reported health status, alcohol consumption, comorbidities, and
physical functioning. To test for effect modification by GRS, Wald test statistics compared
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Model 2 with and without a multiplicative interaction term between continuous PA/ST and
GRS using p values for interaction (Binteraction)- Linear trends for PA and ST were evaluated
by treating PA and ST as continuous variables in the models using p values for trend (fireng)-
To account for missing covariate data, we employed multiple imputation analysis by chained
equations using the mice package (van Buuren & Groothuis-Oudshoorn, 2011). There were
9 imputed datasets, corresponding to the highest proportion of covariate missingness (i.e.,
9% missing smoking status). For visualization, we plotted dose-response associations of
PA/ST with mortality by GRS tertiles using complete case, cubic spline analysis with the
rms package (Harrell, 2020). We used Akaike’s information criterion to help determine
whether 3 or 4 knots provided the optimal fit, and used 3 knots at the 101, 501", and

95t percentiles (Harrell, 2015). The proportional hazards assumption was tested using
Schoenfeld residuals; however, no violations of this assumption were observed (Therneau et
al., 2021).

Several sensitivity analyses were performed. To evaluate potential survival bias due to
selection of older women, we plotted survival curves by GRS tertiles for the first 10 years
of WHI enrollment and among those who survived >10 years, which was approximately the
time of OPACH enrollment. We also plotted survival curves based on Cox proportional
hazards regression models adjusted for age, race/ethnicity, and the first five principal
components in OPACH. To evaluate reverse causation, primary analyses were repeated after
excluding participants who died within two years of OPACH baseline. Because GRS SNPs
were derived from individuals of European descent, primary analyses were repeated after
restricting to women of White race/ethnicity. Lastly, we tested interactions between PA/ST
and the APOE e2/e4 genotype given their contribution to the GRS (Deelen et al., 2019).

All statistical analyses were conducted in R version 4.0.3 (R Core Team, 2020). Statistical
tests were two-tailed and p values were considered significant at p < .05.

Descriptive Characteristics

Of the 5,446 women in the analytic sample, there were 1,022 deaths during 33,350 person-
years of follow-up (mean follow-up = 6.1 years; range = 0.1-7.9 years). Based on GRS
tertile distributions in the WHI (N=27,131), 36.0% of OPACH women were classified as
high genetic predisposition for longevity (i.e., high GRS), 33.1% as medium GRS for
longevity, and 30.9% as low GRS for longevity (Table 1). The number of deaths (rate

per 1,000 person-years) in the low, medium, and high GRS groups were 295 (28.6), 381
(34.6), and 346 (28.8), respectively. Women in the low GRS group were younger, had higher
physical functioning scores, lower ST time, higher total PA time, and higher light PA time
relative to other GRS groups. Women in the low GRS group were more likely to be of
Black race/ethnicity (42.4%) than the medium and high GRS groups. Women of White race/
ethnicity constituted most of the medium (55.8%) and high (42.7%) GRS groups compared
to the low GRS group.

Women in the highest tertile of accelerometer-measured total PA were younger, rated their
health more favorably, and reported fewer comorbidities compared to women in the lower
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total PA tertiles (Table 2). They were also least likely to be current smokers but reported
more alcohol consumption than women in the lower tertiles of PA. They had greater physical
functioning scores and lower BMI. GRS for longevity did not vary across total PA tertiles.

Validation of GRS

Association

Association

The GRS for longevity was associated with survival to age 90 in the overall WHI (fend <
.001) and OPACH (Brend = .04; Supplementary Table 1). WHI women in the medium GRS
group had 29% (OR = 1.29, 95% CI [1.18, 1.41]) higher odds of survival to age 90 (vs.

death before this age) relative to the low GRS group. WHI women in the high GRS group
had 37% (OR = 1.37, 95% CI [1.25, 1.50]) higher odds of survival to age 90 compared to the
low GRS group. In OPACH, the odds of survival to age 90 were 68% (OR = 1.68, 95% CI
[1.14, 2.48]) higher for the high compared to low GRS group.

between light PA, MVPA, and ST with Mortality

Accelerometer-measured amounts of light PA and MVPA per day were inversely associated
with mortality (Breng < -001, all; Table 3). After adjusting for accelerometer wear time,

age, race/ethnicity, education, BMI, smoking status, self-reported health status, alcohol
consumption, and comorbidities, women in higher quartiles of light PA had lower risk of
mortality compared to the lowest quartile of light PA (quartiles 2, 3, and 4 hazard ratios
[HRs] [95% CI] vs. quartile 1: 0.72 [0.61, 0.84]; 0.70 [0.59, 0.84]; 0.55 [0.45, 0.67]). These
associations were attenuated but remained statistically significant after further adjustment
for physical functioning. For MVPA, women in higher quartiles of MVPA had lower risk of
mortality compared to the lowest quartile of MVPA in fully adjusted models (quartiles 2, 3,
and 4 HRs [95% ClI] vs. quartile 1: 0.76 [0.65, 0.90]; 0.60 [0.49, 0.73]; 0.46 [0.36, 0.58]).

Higher ST per day was associated with higher mortality risk (fireng < .001; Table 4).

After adjusting for accelerometer wear time, age, race/ethnicity, education, BMI, smoking
status, self-reported health status, alcohol consumption, and comorbidities, women in higher
quartiles of ST had higher risk of mortality compared to the lowest quartile of ST (quartiles
2, 3, and 4 HRs [95% CI] vs. quartile 1: 1.22 [0.99, 1.50]; 1.69 [1.38, 2.07]; 2.05 [1.65,
2.56]). Associations remained statistically significant after further adjustment for physical
functioning.

between light PA and MVPA with Mortality by GRS Categories

Inverse associations between PA and mortality followed a similar pattern after stratification
by GRS tertiles (Table 5; shown in Figure 2). Among women in the high GRS group, the
highest quartile of light PA was associated with 56% (HR = 0.44, 95% CI [0.31, 0.63])
lower risk of mortality compared to the lowest quartile, after adjustment for accelerometer
wear time, age, race/ethnicity, and the first five PCs. This association was slightly

attenuated but remained statistically significant after further adjustment for education, BMI,
smoking status, self-reported health status, alcohol consumption, comorbidities, and physical
functioning (HR = 0.55, 95% CI [0.38, 0.80]). In the high GRS group, the highest quartile
of MVPA was associated with 57% (HR = 0.43; 95% CI [0.28, 0.65]) lower risk of mortality
relative to the lowest quartile in fully adjusted models. In the low GRS group, the highest

vs. the lowest quartile of MVPA was associated with 51% (HR = 0.49; 95% CI [0.30,

J Aging Phys Act. Author manuscript; available in PMC 2023 April 05.
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0.77]) lower mortality risk in fully adjusted models. Interactions between continuous light
PA (Dinteraction = -66) and MVPA (Ginteraction = -24) with the GRS were not statistically
significant.

between ST and Mortality by GRS Categories

Associations were similar across GRS categories (Table 5, shown in Figure 2). Among
women in the high GRS group, the highest total ST quartile had 2.91 (95% CI [2.01,
4.21]) times higher risk of mortality compared to the lowest quartile after adjustment for
accelerometer wear time, age, race/ethnicity, and the first five PCs. This association was
attenuated but remained statistically significant in fully adjusted models (HR = 1.99, 95%
CI [1.34, 2.95]). The interaction between continuous ST and the GRS was not statistically

significant (Ointeraction = -64)-

Sensitivity Analyses

Women in the high GRS group had the highest survival probabilities in WHI and OPACH
(Supplementary Figures 1-2). After excluding deaths within the first 2 years of follow-up,
HRs for associations of light PA, MVPA, and ST with mortality across all GRS categories
were slightly attenuated (Supplementary Table 2). Analyses repeated after restriction to
White women yielded similar results (Supplementary Table 3). Interactions of PA/ST with
APOE &2 or £4 were not statistically significant (Supplementary Table 4).

Discussion

In this prospective study of 5,446 older women, higher accelerometer-measured light PA
and MVPA were associated with lower risk of mortality, and higher ST was associated with
higher risk of mortality, during an average follow-up of 6.1 years. Further, we found that
these associations persisted irrespective of one’s genetic predisposition for longevity. These
findings extend previous OPACH studies with shorter follow-up (LaMonte et al., 2018) and
provide strong support for the importance of engaging in PA to lower risk of mortality
among older women.

The current findings suggest that there was little, if any, variation in the association of
accelerometer-measured PA and ST with mortality according to a longevity GRS. Because
survival into advanced age was an inherent characteristic of women who enrolled in OPACH
and completed accelerometer assessments of free-living PA and ST, it is plausible that
genetic survival advantage may be a key factor underlying mortality risks attributed to
greater PA or ST (Dato et al., 2017; Rankinen & Bouchard, 2007). However, results of the
present study indicate that a GRS, based on three selected SNPs, did not modify the strong
multivariable adjusted associations with all-cause mortality for either PA or ST among
women at older age.

Our results align with literature showing that greater light PA and MVPA are associated
with lower risk of mortality among middle-aged and older adults (Ekelund et al., 2019),
including older women (LaMonte et al., 2018). In a meta-analysis of 36,383 participants
from 8 studies (Ekelund et al., 2019), accelerometer-measured light PA and MPVA were
associated with 62% and 48% lower risk of mortality at the highest (vs. the lowest) quartiles

J Aging Phys Act. Author manuscript; available in PMC 2023 April 05.
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of activity, respectively. Additionally, our results align with evidence showing that the
highest (vs. the lowest) quartiles of ST were associated with greater risk of mortality in
middle-aged and older adults (Diaz et al., 2017; Ekelund et al., 2019). Given the aging of the
US adult population (Medina et al., 2020) and longer time spent in lower-intensity activities
(LaMonte et al., 2018; Matthews et al., 2008), these results support recommendations that
older women should engage in PA, regardless of intensity, to reduce their mortality risk.

Because genetic factors likely contribute both to longevity (Deelen et al., 2019) and PA
habits (Lin et al., 2017), it is possible that genes modify associations between PA and
longevity (Rankinen & Bouchard, 2007). However, we did not find statistically significant
interactions between PA or ST with the GRS for longevity, possibly due to inadequate
power or unaccounted rare longevity-influencing variants (Broer et al., 2015). Several prior
studies have examined gene by environment (GXE) interactions in the relationships between
physical activity and adverse health outcomes. For example, in GXE studies of PA and
cognition, others found that relations between PA and cognitive decline (Stringa et al., 2020)
and Alzheimer’s disease (Luck et al., 2014) did not vary by APOE 4 status. Another study
found lifestyle factors (e.g., cigarette smoking, regular exercise, etc.) in relation to lifespan
did not vary by a BMI GRS (Sakaue et al., 2020). In another study, genes for physical fitness
did not modify associations between PA and coronary heart disease risk (Chomistek et al.,
2013). These findings taken together with our results highlight the importance of engaging
in PA and positive lifestyle behaviors to reduce risk of disease and premature mortality

even among those who may have genetic traits that may be associated with certain health
outcomes.

This study has some limitations. In this study, total sedentary time is classified based on a
calibrated cutpoint that captures all waking time spent below the threshold of light physical
activity. Accelerometers may not be sensitive to posture, thus potentially misclassifying
standing still as sedentary time (Lyden et al., 2012). More sophisticated methods of
processing accelerometer data are emerging that should improve accurate classification of
sedentary time in the future (Greenwood-Hickman et al., 2021). Such methods are likely to
amplify the associations seen in the present study. Additionally, our findings may have been
biased by reverse causation due to changes in PA that possibly influenced factors underlying
mortality. However, excluding women who died within the first 2 years of follow-up yielded
similar results. The OPACH cohort included 33% Black women and 17% Hispanic women;
however, we were not powered to examine GRS by PA/ST interactions within strata of race/
ethnicity. Moreover, our GRS was derived from European populations and may not apply

to non-European populations. Future GWAS are needed to identify longevity-associated
SNPs specific to diverse populations (Sirugo et al., 2019). Notably, previous OPACH reports
have shown similar associations between PA and ST behaviors and mortality (LaMonte

et al., 2018), incident cardiovascular disease (Bellettiere, Lamonte, et al., 2019; LaCroix
etal., 2019) and diabetes (Bellettiere, Healy, et al., 2019) in white, Black and Hispanic
women. Because our study population included older women in WHI, generalizability of
these results to men and other populations are unknown and should be investigated. Future
studies should also evaluate sex differences, as other studies have reported sex differences in
genetic associations with longevity (Zeng et al., 2018).

J Aging Phys Act. Author manuscript; available in PMC 2023 April 05.
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Our study has several strengths. Data were obtained from women in the OPACH study, a
large, diverse, and well-characterized cohort of older women across the United States with
long-term follow-up. The longitudinal dataset allowed for sufficient sample size to assess
associations across three GRS for longevity groups. Additionally, PA and ST were measured
objectively using accelerometry and cutpoints specific to older women (Evenson, Wen,
Herring, et al., 2015), allowing us to minimize recall bias and measurement error, which
often occur with self-reported PA and ST (Sylvia et al., 2014), especially among older adults
(Evenson, Wen, Metzger, et al., 2015).

In conclusion, among older women, higher accelerometer-measured light PA and MVPA
were associated with lower risk of mortality, and higher accelerometer-measured ST was
associated with higher risk of mortality during an average follow-up of 6.1 years. Findings
were consistent across categories of a GRS for longevity. These results offer strong support
that PA at older ages is associated with reduced risk of death. The complexity of longevity
warrants further GXE interaction studies to improve our understanding of longevity, cause-
specific mortality, and the intersecting roles of genes and lifestyle behaviors in achieving a
long and healthy life.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1 —.

St?engthening the Reporting of Observational Studies in Epidemiology (STROBE) diagram
for derivation of analytic sample with accelerometer and genotyping data in the OPACH
study, 2012-2014 baseline through February 28, 2020. OPACH = Objective Physical
Activity and Cardiovascular Health.
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Figure 2 —.

antinuous dose-response association of PA and ST with mortality stratified by GRS for
longevity tertiles for longevity among OPACH women enrolled in 2012-2014 and followed
through February 28, 2020 (N = 5,446). Red and dot dashed, green and dashed, and blue and
solid lines indicate low, medium, and high GRS tertiles, respectively. Dose—response curves
are derived from multivariable Cox proportional hazards regression models for each GRS
for longevity group (low/medium/high). The 10th percentile of each behavior is treated as
the reference category for each GRS subgroup. Dose-response plots are trimmed at the first
and 99th percentile. All models are adjusted for the first five principal components to control
for population stratification, accelerometer wear time, age, race/ethnicity, education, BMI,
smoking status, self-reported health status, alcohol consumption, comorbidities, and physical
functioning. Comorbidities are defined as the sum of the following chronic conditions
present at or before accelerometer wear: cancer, cardiovascular disease, cerebrovascular
disease, chronic obstructive pulmonary disease, cognitive impairment, depression, diabetes,
frequent falls, and osteoarthritis. n missing: education = 37 (0.7%); BMI = 346 (6.4%); self-
reported health status = n (0.3%); physical functioning = 60 (1.1%); alcohol consumption =
486 (8.9%); and smoking status = 494 (9.1%). OPACH = Objective Physical Activity and
Cardiovascular Health; PA = physical activity; ST = sedentary time; GRS = genetic risk
score; BMI = body mass index; MVVPA = moderate to vigorous PA; HR = hazard ratios.
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