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ORIGINAL RESEARCH

Cross-Sectional Associations of Objectively 
Measured Sedentary Time, Physical Activity, 
and Fitness With Cardiac Structure and 
Function: Findings From the Dallas Heart 
Study
Neela D. Thangada, MD; Kershaw V. Patel , MD; Bradley Peden, MD; Vijay Agusala, MD, MBA;  
Julia Kozlitina , PhD; Sonia Garg, MD; Mark H. Drazner, MD, MSc; Colby Ayers, MS; Jarett D. Berry, MD, MS; 
Ambarish Pandey , MD, MSCS

BACKGROUND: Physical inactivity and low cardiorespiratory fitness (CRF) are associated with higher risk of heart failure. However, 
the independent contributions of objectively measured sedentary time, physical activity, and CRF toward left ventricular (LV) 
structure and function are not well established.

METHODS AND RESULTS: We included 1368 participants from the DHS (Dallas Heart Study) (age, 49 years; 40% men) free 
of cardiovascular disease who had physical activity and sedentary time measured by accelerometer, CRF estimated from 
submaximal treadmill test, and cardiac magnetic resonance imaging performed using 3-T magnetic resonance imaging. 
A series of linear regression models were constructed to evaluate the associations of sedentary time, moderate physical 
activity, vigorous physical activity, and CRF with LV parameters after adjustment for established cardiovascular risk factors. 
We observed a modest correlation between CRF levels and objectively measured moderate (correlation coefficient, 0.17; 
P<0.001) and vigorous physical activity (correlation coefficient, 0.25; P<0.001) levels. In contrast, sedentary time was not 
associated with CRF. In adjusted analysis, both vigorous physical activity and higher CRF were significantly associated with 
greater stroke volume, LV mass, LV end-diastolic volume, and lower arterial elastance, independent of other confounders. 
Sedentary time and moderate physical activity levels were not associated with LV parameters.

CONCLUSIONS: Vigorous physical activity and CRF are significantly associated with cardiac structure and function parameters. 
Future studies are needed to determine if interventions aimed at improving CRF levels may favorably modify cardiac structure 
and function.
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Heart failure (HF) is an important cardiovascular 
comorbidity among older individuals and associ-
ated with high burden of morbidity and mortality.1 

Physical inactivity and low levels of cardiorespiratory 
fitness (CRF) are well-established risk factors for HF.2–7 
Recent studies have also identified excess levels of 

sedentary time as a significant risk factor for HF, inde-
pendent of physical activity and other potential con-
founders.8 However, the mechanism by which physical 
activity, sedentary time, and CRF may modify risk of 
HF is not well understood. Furthermore, the contri-
butions of physical inactivity and sedentary behavior 
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toward HF development, independent of CRF levels, 
are not well known.

Prior studies have identified distinct subclinical 
cardiac phenotypes in the pathway of progression 
from at-risk to clinical HF. Specifically, subclinical ab-
normalities in left ventricular (LV) function have been 
associated with higher risk of HF.9–11 Higher LV mass 
and LV hypertrophy, particularly in the presence of 
subclinical myocardial injury (malignant LV hypertro-
phy), have also been associated with higher risk of 
HF.12 In contrast, physiologic LV hypertrophy, as seen 
in athletes, and LV hypertrophy in absence of myo-
cardial injury have not been associated with abnor-
malities in LV function, compliance, or risk of HF.13,14 
Prior studies have also linked low self-reported phys-
ical activity and high sedentary time with adverse LV 
remodeling and subclinical LV systolic and diastolic 
dysfunction.15 However, these studies were limited 
by use of self-reported measures of physical activity 

and sedentary time and the lack of data on CRF. The 
independent associations of objectively measured 
physical activity, sedentary time, and CRF levels with 
these intermediate cardiac phenotypes are not well 
defined. This represents an important knowledge 
gap in our understanding of how these lifestyle fac-
tors may modify the risk of HF. Accordingly, we eval-
uated the independent associations of objectively 
measured physical activity, sedentary time, and CRF 
levels with measures of cardiac structure and func-
tion among participants of the DHS (Dallas Heart 
Study).

METHODS
The data, methods used in the analysis, and materials 
used to conduct the research will not be made available 
to any researcher for purposes of reproducing the 
results or replicating the procedure.

Study Population
The DHS is a probability-based, multiethnic cohort 
study of Dallas county residents that intentionally 
oversampled Black individuals in efforts to enroll 
an equal percentage of Black and non-Black study 
participants. Race/ethnicity was self-reported 
by participants per US Census categories. DHS 
recruitment and design have been published 
previously.16 The original DHS participants, enrolled 
from 2000 to 2002, and their spouses were invited 
for a follow-up examination in 2007 to 2009, known 
as DHS phase 2 (DHS-2). DHS-2 included 3401 
study participants, of which 51% were non-Hispanic 
Black participants. Study participants underwent 
a comprehensive health examination, including 
measurement of blood pressure, collection of blood 
and urine samples, cardiac magnetic resonance 
imaging (CMR), accelerometry, and CRF testing.

Among 3401 participants of the DHS-2, 2771 
had CRF assessment data available. For the pres-
ent study, we excluded participants with history of 
myocardial infarction, HF, or cardiac arrest, missing 
CMR data, LV ejection fraction <50%, β-blocker use 
at baseline, and missing accelerometer data. The 
final study population included 1368 participants 
(Figure  S1). Participants provided written informed 
consent. The University of Texas Southwestern 
Institutional Review Board approved the phase 1 and 
phase 2 of the DHS.

Baseline Covariates
Baseline demographic characteristics, blood 
pressure, body mass index (BMI), medication use, 
prevalent risk factors and cardiovascular disease, 
and fasting laboratory values were assessed using 

CLINICAL PERSPECTIVE

What Is New?
• The associations of objectively measured 

physical activity, cardiorespiratory fitness, 
and sedentary time with measures of cardiac 
structure and function are not well understood.

• Higher levels of cardiorespiratory fitness and 
vigorous physical activity are associated with 
favorable cardiac structure and function.

What Are the Clinical Implications?
• Low levels of cardiorespiratory fitness and 

physical activity may contribute to downstream 
risk of heart failure through adverse effects on 
cardiac structure and function.

• Interventions aimed at improving physical 
activity and cardiorespiratory fitness need to be 
evaluated for their effects on cardiac structure 
and function and downstream risk of heart 
failure.

Nonstandard Abbreviations and Acronyms

CCLS Cooper Center Longitudinal Study
CPM counts per minute
CRF cardiorespiratory fitness
DHS Dallas Heart Study
MHR maximum heart rate
SV stroke volume
VO2 oxygen consumption uptake
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standardized protocols, as previously reported.16 
Cardiac biomarkers, including high-sensitivity cardiac 
troponin T and NT-proBNP (N-terminal pro-B-type 
natriuretic peptide), were measured using the Elecsys 
2010 platform (Roche Diagnostics, Indianapolis, 
IN), as previously reported.17 Insulin resistance was 
measured using the Homeostatic Model Assessment 
of Insulin Resistance, and was calculated as follows: 
[fasting glucose (mmol/L)×level of fasting insulin (μU/
mL)]/22.5.18 Whole body total fat percentage and 
whole body total lean mass were measured using 
dual-energy x-ray absorptiometry (Delphi W scanner 
[Hologic Inc, Bedford, MA] and Discovery software, 
version 12.2), as reported previously.19

Objective Assessment of Physical Activity 
Levels and Sedentary Time
Study participants wore an accelerometer (Actical; 
Philips Respironics, Bend, OR) for 7 consecutive days 
on their nondominant wrist to measure sedentary 
time and physical activity. This method for physical 
activity assessment in DHS-2 has been described 
previously.20 Sedentary time was identified using a 
threshold of <100 counts per minute (CPM).21,22 As the 
focus of the analysis was daytime sedentary behavior, 
sedentary time analysis was limited to daytime hours 
from 8  am to 8  pm to reduce the misclassification 
of sleep as sedentary time. Total minutes spent 
<100  CPM was divided by the number of days to 
assess average daily sedentary time. On the basis 
of prior accelerometer calibration studies, moderate 
physical activity was defined as 1500 to 4000 CPM 
and corresponds to 3.5 to 5.99 metabolic equivalent 
tasks (METs), whereas vigorous physical activity was 
defined as >4000  counts/min and corresponds to 
≥6 METs.22–25 Minutes spent above the threshold of 
4000  CPM and between 1500 to 4000  CPM were 
averaged across all valid wear days to estimate the 
total daily duration of vigorous and moderate physical 
activity, respectively. Every minute above the threshold 
was included in the estimation of the daily moderate 
and vigorous physical activity levels, irrespective of 
the activity bout duration. The total dose of physical 
activity for each category (MET min/d) was calculated 
as the product of duration of moderate or vigorous 
intensity physical activity per day (in minutes) and 
respective mean energy expenditure rate, assigning 
a mean value of 4.5 METs for moderate intensity 
physical activity (range, 3–6 METs) and 9 METs for 
vigorous intensity physical activity (range, >6 METs).

Assessment of CRF Levels
CRF was estimated during a submaximal exercise 
test protocol.26 Participants underwent an incremental 
treadmill test during which their heart rate was 

measured at various treadmill speeds using a Polar 
heart monitor. Heart rates were recorded at rest, at 
2 miles per hour, and then at a third and fourth speed. 
These later speeds were dependent on the participant’s 
heart rate at 2 miles per hour. If the participant’s heart 
rate at 2 miles per hour was <100, 100 to 105, 105 to 
110, 110 to 115, 115 to 120, or >120 beats per minute, 
the next speed was adjusted to 4, 3.5, 3.0, 2.5, 2.3, 
or 2.0  miles per hour, respectively. Heart rates were 
measured 1  minute after the participant achieved 
a constant speed. CRF was calculated from the 
estimated peak exercise oxygen consumption uptake 
(VO2) using Hellerstein’s observation of the linear 
relationship between percentage maximum heart rate 
(MHR) and percentage peak VO2.

27 Each participant’s 
VO2 at the speed of his/her fourth heart rate recording 
was calculated by a variant of the Givoni equation for 
metabolic energy cost: VO2=[2.3+0.32×(speed in km/
h−2.5)1.65]×3.5.28 MHR was calculated as 220  beats 
per minute minus participant’s age. The percentage 
MHR was calculated for each participant as the fourth 
heart rate recording/MHR. Finally, Hellerstein’s formula 
was used to convert percentage MHR into a final peak 
VO2 estimate: VO2/(1.41×%MHR)−42, where VO2 was 
calculated on the basis of speed at the fourth heart 
rate recording.

Assessment of Cardiac Structure and 
Function
Resting CMR examination included short-axis and 
breath-hold electrocardiographic-gated cine images 
using a 3-T system (Achieva; Philips Medical Systems, 
Best, the Netherlands). LV mass, LV end-diastolic 
volume (LVEDV), and LV end-systolic volume were 
calculated from short-axis sequences by parameters 
that have been previously described.29,30 Stroke 
volume (SV) was calculated as the difference between 
LVEDV and LV end-systolic volume. Left atrial maximum 
volume was measured following the American Society 
of Echocardiography’s guidelines, as reported 
previously.31,32 Effective arterial elastance, a measure 
of the arterial load or LV afterload, was estimated as 
the ratio of end-systolic pressure (0.9×systolic blood 
pressure) and SV.33 LV hypertrophy was defined by 
increased LV mass indexed to allometric height at 
>97.5th percentile of the previously reported healthy 
subpopulation (>38.1 g/m2.7 for men and 34.1 g/m2.7 for 
women).29 Chronic myocardial injury was identified by 
elevated levels of biomarkers of high-sensitivity cardiac 
troponin T ≥6  ng/L.12,13,34 Malignant LV hypertrophy 
was defined as LV hypertrophy with evidence of 
chronic myocardial injury.12,13

Peak systolic circumferential strain was evaluated 
using the commercially available harmonic phase im-
aging software (HARP, Diagnosoft Virtue 5.04, Palo 
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Alto, CA), as described previously.35 A global circum-
ferential strain curve was generated by measuring 
strain values in the midventricular short-axis view from 
6 midwall LV segments at various points in the cardiac 
cycle. The peak systolic circumferential strain, which 
is a representation of LV shortening in the circumfer-
ential plane, sits at the most negative point on the 
global circumferential strain curve. A more negative 
value for the peak systolic circumferential strain indi-
cates increased LV shortening, suggesting preserved 
or unimpaired myocardial contractility.

Statistical Analysis
Study participants were stratified according to age-, 
sex-, and race-specific quartiles of moderate physical 
activity, vigorous physical activity, and sedentary 
time (quartile 1, low; and quartile 4, high). Baseline 
clinical characteristics, cardiometabolic parameters, 
and CMR-based measures of cardiac structure and 
function were compared across quartiles using χ2 test 
for categorical variables and Kruskal-Wallis test for 
continuous variables. Unadjusted correlations between 
objectively measured moderate physical activity, 
vigorous physical activity, sedentary time, and CRF were 
assessed using Spearman correlation coefficients. The 
proportion of low fit participants, defined as those in 
the lowest quartile of the age-, sex-, and race-specific 
CRF levels, was also compared across quartiles of 
moderate physical activity, vigorous physical activity, 
and sedentary time. Multivariable-adjusted linear 
regression models were constructed to evaluate the 
association of sedentary time, moderate physical 
activity, vigorous physical activity, and CRF (exposure 
variables of interest) with CMR measures of cardiac 
structure and function (dependent variable). Separate 
models were constructed for each exposure variable 
with adjustment for the following confounders (model 
1): baseline age, sex, race/ethnicity, education level, 
income, BMI, smoking status, systolic blood pressure, 
history of diabetes mellitus, history of hypertension, 
blood glucose levels, serum low-density lipoprotein 
cholesterol, and family history of coronary artery 
disease. Sedentary time, moderate physical activity, 
vigorous physical activity, and CRF were subsequently 
included in the same model along with other covariates 
(model 2) to determine the independent associations 
of these measures with cardiac structure and function. 
Stratified analyses were performed to determine the 
associations of CRF and physical activity levels with 
measures of cardiac structure and function across sex 
and BMI (obese versus nonobese) based subgroups. 
Sensitivity analyses were also performed, replacing 
BMI with measures of lean body mass and fat mass, as 
assessed by dual-energy x-ray absorptiometry, among 
study participants in the most adjusted model.

The association of CRF and vigorous physical 
activity levels with presence of LV hypertrophy (LV 
hypertrophy with myocardial injury [malignant LV hy-
pertrophy] versus LV hypertrophy without myocar-
dial injury versus no LV hypertrophy with prevalent 
myocardial injury versus no LV hypertrophy and no 
myocardial injury [referent]) was assessed using mul-
tivariable logistic models with adjustment for potential 
confounders, as included in model 1. The statistical 
analysis was performed using SAS 9.4 (SAS Institute 
Inc, Cary, NC). The statistical tests were 2 sided, with 
P<0.05 considered statistically significant.

RESULTS
Baseline Characteristics
The final study population included 1368 study 
participants. Baseline characteristics of the study 
participants, stratified by quartiles of moderate 
physical activity, are shown in Table  1. Participants 
with higher levels of moderate physical activity had a 
favorable cardiometabolic profile with lower burden 
of diabetes mellitus and central adiposity, lower CRP 
(C-reactive protein) and triglyceride levels, and higher 
high-density lipoprotein cholesterol and CRF levels.

Baseline characteristics of the study participants, 
stratified by quartiles of vigorous physical activity, 
are shown in Table 2. Participants with higher levels 
of vigorous physical activity (quartile 4) had lower an-
thropometric measures of adiposity (BMI and waist 
circumference), lower sedentary time, and a more 
favorable cardiometabolic risk profile with lower tri-
glyceride levels, lower prevalence of diabetes mellitus, 
hypertension, and smoking, and higher high-density 
lipoprotein cholesterol levels. Among measures of 
cardiac structure and function, participants with high 
levels of vigorous physical activity had higher LVEDV 
and a trend toward higher SV.

Baseline characteristics of study participants 
across increasing sedentary time quartiles are 
shown in Table S1. Compared with participants with 
low sedentary time (quartile 1), those with higher 
sedentary time levels had higher education levels. 
Furthermore, participants with higher sedentary time 
levels had less favorable cardiometabolic risk profile 
with higher triglyceride levels and insulin resistance 
(assessed by Homeostatic Model Assessment of 
Insulin Resistance).

Association Between Physical Activity, 
Sedentary Time, and CRF Levels
A modest correlation was observed between physical 
activity levels and CRF (correlation coefficient for 
moderate physical activity and CRF, 0.17 [P<0.001]; 
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and correlation coefficient for vigorous physical activity 
and CRF, 0.25 [P<0.001]). Moderate physical activity 
levels were also correlated with vigorous physical 
activity levels (correlation coefficient, 0.57; P<0.0001) 

and sedentary time duration (correlation coefficient, 
−0.61; P<0.0001). In contrast, sedentary time duration 
had a modest inverse correlation with vigorous physical 
activity levels (correlation coefficient, −0.28; P<0.0001) 

Table 1. Baseline Characteristics, Stratified by Quartiles of Moderate Physical Activity

Characteristics Quartile 1 (N=313) Quartile 2 (N=350) Quartile 3 (N=374) Quartile 4 (N=331) P Value

Quartiles of moderate activity (MET min/d)

Age, y 49.2 (9.8) 49.2 (10.1) 49.2 (10.6) 49.2 (10.2) 0.97

Men, % 39.3 40.9 40.9 39.9 0.89

Race/ethnicity, %

White 39 38 37.1 38.7 0.88

Black 45.1 42 43 46.8 0.58

Hispanic 14.4 15.4 16.9 15.1 0.68

Education, y 12.7 (2.2) 13.0 (2.1) 13.0 (2.1) 12.5 (2.5) 0.33

Smoking, % 24.3 17.7 17.4 20.7 0.31

History of hypertension, % 42.2 41.7 39.3 40.8 0.58

History of DM, % 14.4 12.3 9.1 8.2 0.01

Family history of CAD, % 67.4 68.6 64.2 65 0.29

Cardiometabolic parameters

Systolic BP, mm Hg 128.2 (16.9) 130.0 (18.8) 130.0 (18.0) 129.8 (16.7) 0.19

hs-CRP 6.8 (41.2) 4.0 (7.3) 4.6 (10.2) 3.3 (5.0) 0.02

LDL, mg/dL 117.9 (32.5) 118.2 (35.8) 117.8 (35.7) 119.7 (36.0) 0.86

HDL, mg/dL 52.1 (14.6) 53.6 (16.1) 54.2 (15.3) 55.8 (16.3) <0.01

Triglycerides, mg/dL 128.9 (82.8) 126.2 (113.4) 121.8 (85.0) 110.4 (71.4) <0.01

Glucose, mg/dL 103.1 (41.1) 101.4 (36.9) 97.3 (24.8) 94.9 (21.4) 0.16

Hemoglobin A1c, % 5.8 (1.3) 5.7 (1.2) 5.6 (0.9) 5.5 (0.6) 0.36

HOMA-IR 4.2 (4.1) 3.6 (2.8) 3.6 (3.5) 3.1 (3.0) <0.01

BMI, kg/m2 29.4 (5.9) 29.3 (5.2) 29.3 (5.5) 28.8 (5.3) 0.10

Whole body fat, % 37.3 (8.5) 36.8 (8.5) 36.8 (8.7) 35.5 (9.1) 0.05

Waist circumference, cm 94.2 (14.6) 93.7 (12.0) 93.3 (12.9) 91.7 (12.7) <0.01

Sedentary time, physical activity, and fitness parameters

Sedentary time, min/d 368.9 (94.1) 317.9 (75.7) 272.8 (75.3) 224.7 (80.8) <0.01

Moderate physical activity, min/d 10.4 (3.4–16.3) 24.3 (17.3–31.6) 42.5 (32.5–53.0) 79.9 (61.6–103.7) <0.01

Moderate physical activity, MET 
min/d

46.7 (28.7–73.1) 109.1 (77.6–142.1) 191.4 (146.3–238.5) 359.4 (277.3–466.5) <0.01

Vigorous physical activity, min/d 0.0 (0.0–0.4) 0.3 (0.0–1.0) 0.8 (0.3–1.9) 1.50 (0.6–4.3) <0.01

Vigorous physical activity, MET 
min/d

0.0 (0.0–3.4) 2.6 (0.0–9.0) 7.5 (2.3–16.9) 13.5 (5.4–38.3) <0.01

Peak VO2, mL/kg per min 26.5 (9.2) 28.4 (9.6) 29.1 (10.8) 29.9 (10.7) <0.01

Cardiac MRI parameters

Stroke volume, mL 79.4 (15.9) 80.6 (16.0) 81.6 (16.2) 81.5 (16.8) 0.10

LA maximum volume, mL 60.7 (21.0) 63.0 (21.6) 62.2 (21.0) 63.2 (22.5) 0.36

Peak systolic strain, s−1 –14.4 (2.8) –14.7 (2.6) –14.8 (2.9) –14.6 (2.7) 0.43

Effective arterial elastance, mm Hg/
mL

1.53 (0.3) 1.5 (0.4) 1.5 (0.4) 1.5 (0.4) 0.26

LV mass indexed to BSA, g/m2 63.2 (15.0) 63.6 (14.1) 63.8 (14.3) 65.2 (14.4) 0.08

LVEDV indexed to BSA, mL/m2 57.9 (10.6) 59.0 (10.4) 59.8 (11.1) 61.1 (11.7) <0.01

Data presented as mean (SD) for continuous variables (except physical activity parameters, which are reported as median [interquartile range]) and 
proportions for categorical variables. BMI indicates body mass index; BP, blood pressure; BSA, body surface area; CAD, coronary artery disease; DM, diabetes 
mellitus; HDL, high-density lipoprotein; HOMA-IR, Homeostatic Model Assessment of Insulin Resistance; hs-CRP, high-sensitivity C-reactive protein; LA, left 
atrial; LDL, low-density lipoprotein; LV, left ventricular; LVEDV, LV end-diastolic volume; MET, metabolic equivalent task; MRI, magnetic resonance imaging; and 
VO2, oxygen consumption uptake.
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and no association with CRF levels (correlation 
coefficient, −0.02; P=0.49).

The Figure shows that proportion of low fit partici-
pants (lowest age-, sex-, and race-specific quartile of 
CRF) decreased across increasing moderate (31% in 

quartile 1 to 19% in quartile 4) and vigorous physical 
activity (27% in quartile 1 to 19% in quartile 4) catego-
ries; conversely, proportion of low fit participants did 
not differ across increasing quartiles of sedentary time 
(20% in quartile 1 to 23% in quartile 4).

Table 2. Baseline Characteristics, Stratified by Quartiles of Vigorous Physical Activity

Characteristics Quartile 1 (N=306) Quartile 2 (N=369) Quartile 3 (N=359) Quartile 4 (N=334) P Value

Quartiles of vigorous activity (MET min/d)

Age, y 48.4 (8.7) 50.3 (11.2) 48.6 (10.3) 49.3 (10.1) 0.73

Men, % 41.2 37.9 42.6 39.5 0.96

Race/ethnicity, %

White 32.7 43.1 37.0 38.9 0.38

Black 49.0 39.8 42.6 46.1 0.73

Hispanic 15.4 14.4 17.1 15.3 0.75

Education, y 12.8 (1.8) 12.8 (2.1) 12.6 (2.6) 12.9 (2.2) 0.20

Smoking, % 29.4 19.2 18.1 13.9 <0.01

History of hypertension, % 46.7 39.8 39.0 38.9 0.06

History of DM, % 15.4 11.9 8.1 8.7 <0.01

Family history of CAD, % 69.6 67.2 65.5 62.9 0.06

Cardiometabolic parameters

Systolic BP, mm Hg 131.0 (18.9) 129.3 (17.1) 128.8 (17.4) 129.1 (17.3) 0.17

hs-CRP 6.9 (42.1) 4.0 (5.4) 3.5 (7.2) 4.3 (8.4) 0.08

LDL, mg/dL 117.2 (33.3) 120.8 (36.6) 119.0 (36.4) 116.1 (33.5) 0.40

HDL, mg/dL 53.3 (15.8) 53.4 (14.9) 52.8 (14.4) 56.4 (17.2) 0.03

Triglycerides, mg/dL 119.8 (67.5) 125.5 (111.6) 129.8 (92.6) 111.0 (77.1) <0.01

Glucose, mg/dL 102.1 (36.1) 101.5 (38.9) 97.1 (28.6) 95.9 (20.5) 0.9

Hemoglobin A1c, % 5.8 (1.2) 5.7 (1.1) 5.6 (1.0) 5.5 (0.7) 0.23

HOMA-IR 4.0 (3.8) 3.7 (3.2) 3.5 (3.6) 3.2 (3.0) <0.01

BMI, kg/m2 29.6 (5.8) 29.5 (5.3) 30.0 (5.5) 28.7 (5.3) <0.01

Whole body fat, % 36.6 (8.7) 38.0 (8.2) 36.0 (8.7) 35.8 (9.3) 0.06

Waist circumference, cm 95.6 (14.0) 93.8 (12.9) 92.5 (13.0) 91.2 (12.0) <0.01

Sedentary time, physical activity, and fitness parameters

Sedentary time, min 336.1 (97.6) 306.1 (93.2) 276.8 (92.9) 263.5 (87.3) <0.01

Moderate physical activity, min/d 16.9 (9.2–31.0) 25.6 (13.4–43.0) 40.3 (25.6–62.7) 53.9 (32.4–84.1) <0.01

Moderate physical activity, MET 
min/d

75.9 (41.3–139.5) 115.9 (60.2–193.5) 181.1 (115.3–282.2) 242.6 (145.9–378.6) <0.01

Vigorous physical activity, min/d 0.0 (0.0–0.0) 0.3 (0.0–0.4) 1.0 (0.6–1.4) 3.3 (1.9–7.3) <0.01

Vigorous physical activity, MET min/d 0.0 (0.0–0.0) 2.3 (0.0–3.9) 9.0 (5.1–12.9) 29.6 (16.7–65.3) <0.01

Peak VO2, mL/kg per min 30.0 (9.2) 27.8 (10.0) 28.6 (9.9) 30.6 (11.1) <0.01

Cardiac MRI parameters

Stroke volume, mL 80.5 (14.6) 79.3 (16.4) 80.6 (16.8) 82.9 (16.7) 0.06

LA maximum volume, mL 63.8 (21.2) 60.9 (20.6) 61.2 (21.9) 63.8 (22.3) 0.77

Peak systolic strain, s−1 –14.5 (2.7) –14.5 (2.6) –14.7 (2.9) –14.8 (2.8) 0.11

Effective arterial elastance, mm Hg/
mL

1.5 (0.3) 1.6 (0.4) 1.5 (0.4) 1.5 (0.4) <0.01

LV mass indexed to BSA, g/m2 64.6 (15.7) 62.5 (13.0) 63.6 (13.7) 65.5 (15.4) 0.28

LVEDV indexed to BSA, mL/m2 58.5 (10.2) 58.1 (11.1) 59.4 (10.7) 61.9 (11.5) <0.01

Data presented as mean (SD) for continuous variables (except physical activity parameters, which are reported as median [interquartile range]) and 
proportions for categorical variables. BMI indicates body mass index; BP, blood pressure; BSA, body surface area; CAD, coronary artery disease; DM, diabetes 
mellitus; HDL, high-density lipoprotein; HOMA-IR, Homeostatic Model Assessment of Insulin Resistance; hs-CRP, high-sensitivity C-reactive protein; LA, left 
atrial; LDL, low-density lipoprotein; LV, left ventricular; LVEDV, LV end-diastolic volume; MET, metabolic equivalent task; MRI, magnetic resonance imaging; and 
VO2, oxygen consumption uptake.
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Association of CRF, Physical Activity, and 
Sedentary Time With Cardiac Structure 
and Function
After adjustment for baseline demographic 
characteristics and cardiovascular risk factors (model 
1), CRF was positively associated with larger LVEDV 
and left atrial maximum volume and higher LV mass 
(Table  3). Among measures of cardiac performance, 
CRF was positively associated with higher SV, better LV 
contractility (more negative strain), and lower effective 
arterial elastance.

Among physical activity levels, vigorous physical 
activity was positively associated with larger LVEDV, 
higher LV mass, higher SV, and lower effective arterial 
elastance. Amount of vigorous physical activity was 
not associated with left atrial size and LV contractility in 
adjusted analysis (Table 3). Moderate physical activity 
level was significantly associated with higher SV and 
larger LVEDV but not with other cardiac parameters 
after adjustment for baseline confounders. In contrast, 
sedentary time was not associated with measures of 
cardiac structure and function in adjusted analysis 
(Table 3).

The significant associations between CRF, vigorous 
physical activity, and measures of LV structure and 
function were not attenuated when all physical activity 
and CRF parameters were included in the same model 
(Table  4). In contrast, the associations of moderate 
physical activity with SV and LVDEV were attenuated 
and no longer significant after additional adjustment 
for CRF, vigorous physical activity, and sedentary time 

in the most adjusted model. No significant collinearity 
was observed between the CRF and physical activ-
ity parameters in the most adjusted model (variance 
inflation factor <2 for all). Similar patterns of associ-
ation were observed in sensitivity analysis, adjusting 
for measures of body composition (lean body mass 
and fat mass) instead of BMI (Table S2). In addition, 
the association between CRF and parameters of LV 
structure and function was not attenuated in sex- and 
obesity-stratified models (Table S3 and S4). However, 
the association of vigorous physical activity with LV 
structure and function was attenuated in women and 
in the obese subgroup.

Association of Vigorous Physical Activity 
and CRF With Malignant LV Hypertrophy
Because of the observed significant associations 
of higher CRF and vigorous physical activity 
with higher LV mass and larger LVEDV, we 
evaluated the associations of CRF with presence 
of malignant LV hypertrophy, as defined by LV 
hypertrophy and prevalent chronic myocardial 
injury. Malignant LV hypertrophy was observed 
in 8% (n=106) of individuals, whereas 7% (n=97) 
had LV hypertrophy without chronic myocardial 
injury. In multivariable logistic regression models 
adjusted for demographic characteristics and 
cardiovascular risk factors, CRF was associated 
with higher likelihood of LV hypertrophy without 
chronic myocardial injury but not with malignant LV 
hypertrophy. In contrast, vigorous physical activity 

Table 3. Association Between Sedentary Time, Moderate Physical Activity, Vigorous Physical Activity, and CRF With 
Measures of Cardiac Structure and Function After Adjustment for Baseline Confounders

CMR 
Outcome

Cardiorespiratory Fitness Vigorous Physical Activity Moderate Physical Activity Sedentary Time

Standardized ß* 
(95% CI) P Value

Standardized ß* 
(95% CI) P Value

Standardized ß* 
(95% CI) P Value

Standardized ß (95% 
CI) P Value

Stroke volume 0.27 (0.22 to 0.33) <0.01 0.12 (0.06 to 0.16) <0.01 0.06 (0.01 to 0.11) 0.02 –0.04 (–0.09 to 0.01) 0.11

LA maximum 
volume

0.18 (0.12 to 0.25) <0.01 0.03 (–0.03 to 0.08) 0.36 0.03 (–0.03 to 0.09) 0.27 –0.04 (–0.09 to 0.02) 0.23

Peak systolic 
strain

–0.16 (–0.22 to –0.10) <0.01 –0.03 (–0.08 to 0.03) 0.37 0.002 (–0.05 to 0.06) 0.94 0.01 (–0.05 to 0.06) 0.80

Effective 
arterial 
elastance

–0.22 (–0.27 to 
–0.17)

<0.01 –0.09 (–0.13 to –0.05) <0.01 –0.04 (–0.08 to 0.01) 0.09 0.03 (–0.02 to 0.07) 0.22

LV mass 
indexed to 
BSA

0.15 (0.11 to 0.20) <0.01 0.10 (0.06 to 0.13) <0.01 0.02 (–0.02 to 0.06) 0.32 –0.004 (–0.04 to 0.03) 0.84

LVEDV 
indexed to 
BSA

0.24 (0.19 to 0.15) <0.01 0.11 (0.06 to 0.15) <0.01 0.06 (0.01 to 0.11) 0.01 –0.04 (–0.08 to 0.01) 0.13

Model was adjusted for baseline age, sex, race/ethnicity, education level, income, and traditional cardiovascular risk factors (body mass index, smoking 
status, systolic blood pressure, history of diabetes mellitus, history of hypertension, blood glucose levels, serum low-density lipoprotein cholesterol, and family 
history of coronary artery disease). BSA indicates body surface area; CMR, cardiac magnetic resonance imaging; CRF, cardiorespiratory fitness; LA, left atrial; 
LV, left ventricular; and LVEDV, LV end-diastolic volume.

*Standardized ß estimate for the association between exposure of interest (physical activity, sedentary time, and CRF) and each CMR outcome represents 
the number of SDs the outcome will change per 1-SD higher exposure variable, keeping other covariates fixed.
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levels were associated with higher likelihood of both 
malignant LV hypertrophy as well as LV hypertrophy 
without chronic myocardial injury (Table 5).

DISCUSSION
We observed several important findings in our 
study. First, objective measures of moderate and 
vigorous physical activity but not sedentary time 
were significantly associated with CRF levels. 
Second, CRF was positively associated with more 
favorable LV structure and function parameters, 
with better LV contractility, higher SV, lower arterial 
elastance, and LV hypertrophy without myocardial 
injury, independent of traditional cardiovascular risk 
factors. Vigorous physical activity was also positively 

associated with higher measures of SV and lower 
effective arterial elastance, and greater likelihood 
of both LV hypertrophy without myocardial injury as 
well as malignant LV hypertrophy. Finally, moderate 
physical activity levels and sedentary time were not 
associated with LV structure and function in the most 
adjusted analysis. Taken together, these findings 
highlight the independent contributions of objective 
measures of CRF, physical activity, and sedentary 
time toward cardiac structure and function.

Higher levels of CRF in midlife are strongly associ-
ated with lower risk of HF in older age, independent 
of other prevalent or antecedent risk factors.7,36–38 In 
a study from the CCLS (Cooper Center Longitudinal 
Study), each 1-MET higher level of fitness was associ-
ated with 17% lower risk of HF.38 Furthermore, low CRF 

Table 4. Association Between Sedentary Time, Moderate Physical Activity, Vigorous Physical Activity, and CRF With 
Measures of Cardiac Structure and Function, Independent of Baseline Confounders and Each Other

CMR 
Outcome

Cardiorespiratory Fitness Vigorous Physical Activity Moderate Physical Activity Sedentary Time

Standardized ß* 
(95% CI) P Value

Standardized ß* 
(95% CI) P Value

Standardized ß* 
(95% CI) P Value

Standardized ß 
(95% CI) P Value

Stroke volume 0.26 (0.21 to 0.32) <0.01 0.09 (0.04 to 0.14) 0.0004 0.003 (–0.06 to 0.06) 0.93 –0.02 (–0.07 to 0.04) 0.54

LA maximum 
volume

0.18 (0.11 to 0.25) <0.01 0.006 (–0.05 to 0.06) 0.85 0.008 (–0.06 to 0.08) 0.83 –0.02 (–0.09 to 0.05) 0.51

Peak systolic 
strain

–0.16 (–0.22 to –0.10) <0.01 –0.02 (–0.08 to 0.04) 0.54 0.03 (–0.04 to 0.09) 0.47 0.01 (–0.05 to 0.08) 0.72

Effective 
arterial 
elastance

–0.21 (–0.26 to –0.16) <0.01 –0.07 (–0.12 to –0.03) 0.002 0.01 (–0.05 to 0.06) 0.83 0.01 (–0.04 to 0.06) 0.60

LV mass 
indexed to 
BSA

0.14 (0.10 to 0.19) <0.01 0.09 (0.05 to 0.13) <0.01 –0.01 (–0.06 to 0.03) 0.58 0.004 (–0.04 to 0.05) 0.86

LVEDV 
indexed to 
BSA

0.23 (0.18 to 0.29) <0.01 0.08 (0.03 to 0.13) 0.001 0.01 (–0.04 to 0.07) 0.65 –0.01 (–0.06 to 0.04) 0.70

Model was adjusted for baseline age, sex, race/ethnicity, education level, income, traditional cardiovascular risk factors (body mass index, smoking status, 
systolic blood pressure, history of diabetes mellitus, history of hypertension, blood glucose levels, serum low-density lipoprotein cholesterol, and family history 
of coronary artery disease), as well as levels of moderate physical activity, vigorous physical activity, CRF, and sedentary time levels (all in the same model). 
BSA indicates body surface area; CMR, cardiac magnetic resonance imaging; CRF, cardiorespiratory fitness; LA, left atrial; LV, left ventricular; and LVEDV, LV 
end-diastolic volume.

*Standardized ß estimate for the association between exposure of interest (physical activity, sedentary time, and CRF) and each CMR outcome represents 
the number of SDs the outcome will change per 1-SD higher exposure variable, keeping other covariates fixed.

Table 5. Association Between Cardiorespiratory Fitness, Vigorous Physical Activity, and Likelihood of Various LV 
Hypertrophy Phenotypes

Variable

Cardiorespiratory Fitness Vigorous Physical Activity

OR (95% CI) P Value OR (95% CI) P Value

No LVH/no myocardial injury Reference Reference Reference Reference

No LVH/+myocardial injury 0.96 (0.80–1.15) 0.66 1.04 (0.88–1.24) 0.64

LVH/no myocardial injury 1.44 (1.10–1.91) <0.01 1.35 (1.09–1.68) <0.01

LVH/+myocardial injury (malignant 
LVH)

1.33 (0.96–1.85) 0.08 1.50 (1.19–1.90) <0.01

Separate multivariable-adjusted logistic regression models were constructed for primary exposure variables of cardiorespiratory fitness and vigorous 
physical activity with the 4-level outcome of LV hypertrophy/myocardial injury (no LVH/no myocardial injury [reference], no LVH/+myocardial injury, LVH/no 
myocardial injury, and LVH/+myocardial injury). Models were adjusted for same covariates as in model 1 (see Table 3). LV indicates left ventricular; LVH, LV 
hypertrophy; and OR, odds ratio.
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also explained up to 40% of the high BMI associated 
risk of HF.36 Similar to CRF, higher levels of physical 
activity have also been associated with lower risk of 
HF.39,40 A potential mechanism by which high CRF and 
physical activity may be associated with lower risk of 
HF is through their favorable effects on cardiac struc-
ture and function,41,42 which are well established in the 
literature as physiological consequences of long-term 
aerobic exercise and physical activity.43 Furthermore, 
cardiac parameters, such as higher SV, better LV con-
tractility (more negative strain), and lower arterial stiff-
ness, are associated with lower risk of HF.44–47 In the 
present study, we observed a significant association 
between higher CRF levels and these favorable mea-
sures of cardiac structure and function, and physio-
logic LV hypertrophy. These findings suggest that high 
fitness–associated lower risk of HF may be in part 

related to its favorable effects on cardiac structure and 
function.

Similar to CRF, previous studies have also demon-
strated that higher levels of physical activity and greater 
lifetime exercise levels have been associated with fa-
vorable cardiac structure and function.48–50 However, 
these studies were limited by use of self-reported phys-
ical activity levels and the lack of distinction between 
moderate versus vigorous intensity physical activity. 
Our study adds to the existing literature by evaluating 
the independent association of objectively measured 
moderate and vigorous physical activity levels with LV 
structure and function. We observed that vigorous but 
not moderate physical activity levels were associated 
with measures of LV structure and function. Taken to-
gether, these findings suggest that CRF and vigorous 
physical activity are important determinants of cardiac 
structure and function.

In addition to low CRF and physical activity lev-
els, higher levels of sedentary time have also been 
associated with higher risk of HF and greater burden 
of abnormalities in LV structure.8,15 However, these 
studies were limited by use of self-reported mea-
sures of physical activity and sedentary time, which 
could have led to recall bias and greater potential for 
confounding from overall health status and comor-
bidity burden. In the present study, we observed that 
objective measures of sedentary time were not as-
sociated with measures of LV structure and function 
after adjustment for traditional HF risk factors. This 
is in contrast to prior observations from the DHS co-
hort, where sedentary time levels were significantly 
associated with higher levels of subclinical athero-
sclerosis.21 Taken together, these findings suggest 
that although sedentary time is an important risk fac-
tor for atherosclerotic cardiovascular disease, it may 
not contribute to abnormalities in cardiac structure 
and function, and perhaps risk of HF, independent of 
other risk factors. To our knowledge, this is the first 
study to evaluate the associations of objective mea-
sures of physical activity and sedentary time with 
measures of LV structure and function.

Our study findings have important clinical impli-
cations. Findings from our study suggest that low 
CRF is independently associated with abnormalities 
in LV structure and function and may contribute to 
risk of HF. Given the growing burden of HF in the 
community, these findings highlight the importance 
of assessing CRF to identify low fit individuals who 
may have higher burden of abnormal cardiac struc-
ture and function and potentially higher risk of HF. 
Furthermore, these findings also suggest that life-
style interventions that target improvements in 
CRF levels through exercise and weight loss may 
be needed to modify long-term risk of HF.7,51 Along 
these lines, we also observed that vigorous intensity, 

Figure. Proportion of participants with low fitness across 
data-derived categories of moderate physical activity 
(top panel), vigorous physical activity (middle panel), and 
sedentary time (bottom panel).
Low fit participants are identified as those in the lowest age-, 
sex-, and race-adjusted quartile of peak oxygen consumption 
uptake (VO2). Q indicates quartile.
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but not moderate intensity, physical activity is asso-
ciated with measures of cardiac structure and func-
tion. Future studies are needed using high intensity 
exercise training to determine if lifestyle interventions 
aimed at increasing vigorous intensity physical activ-
ity levels and CRF over time will modify LV structure 
and function.

The key strengths of our study include the large 
sample size and the objective measurements of sed-
entary time and physical activity levels, and magnetic 
resonance imaging–based assessment of cardiac 
structure and function in the DHS participants. Several 
limitations to our study are also noteworthy. First, be-
cause of the observational nature of our study, our 
observations are prone to residual and unmeasured 
confounding. Second, because of the cross-sectional 
nature of our analysis, our study findings do not estab-
lish a causal association between CRF, physical activity 
levels, and measures of cardiac structure and function. 
Also, we could not evaluate if changes in CRF or phys-
ical activity levels were associated with changes in 
cardiac structure and function. However, prior studies 
have demonstrated that longitudinal changes in CRF 
are significantly associated with cardiac structure and 
function, highlighting the potentially modifiable nature 
of this association.41 Third, our study was limited to 
participants who underwent complete submaximal 
CRF testing and had available CRF data. Thus, our 
study findings may not be generalizable to individu-
als who may not meet these inclusion criteria. Fourth, 
sedentary time and physical activity were exclusively 
measured over a 7-day period, and thus may not re-
flect the full extent of participants’ long-term sedentary 
behaviors and physical activity. Fifth, as per the study 
protocol, sedentary time was assessed between 8 am 
and 8 pm to avoid misclassification of sleep duration 
as sedentary time. Thus, it is plausible that the overall 
sedentary duration may be underestimated. However, 
inclusion of sleep duration into sedentary duration may 
confound the analysis as sleep is considered biologi-
cally distinct from daytime sedentary behavior.

In conclusion, among DHS-2 participants, vigorous 
physical activity and CRF are significantly associated 
with cardiac structure and function parameters, inde-
pendent of other risk factors. Future prospective stud-
ies are needed to determine if interventions aimed at 
increasing vigorous physical activity and CRF levels 
may favorably modify cardiac structure and function.
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SUPPLEMENTAL MATERIAL



Table S1. Baseline characteristics stratified by quartiles of sedentary time. 

      Quartiles of sedentary time (minutes) 

 
Q1 

 N= 314 
 

Q2 
 N= 349 

        

Q3 
N=375 

Q4 
N=330 

P value 

Age (years) 49.0 (9.8) 49.3 (10.1) 49.2 (10.6) 49.3 (10.1) 0.75 

Male (%) 39.1 41.0 41.1 39.7 0.90 

Race/ethnicity (%)      

White 38.9 38.1 37.3 38.5 0.87 

Black 47.5 43.8 40.8 45.2 0.42 

Hispanic 14.3 15.5 16.9 15.2 0.66 

Education, years 12.3 (2.4) 12.9 (2.1) 13.0 (2.3) 13.0 (2.0) <0.01 

Smoking (%) 19.6 18.3 19.0 22.7 0.30 

History of HTN (%) 42.0 40.1 41.3 40.3 0.76 

History of DM (%) 37.9 44.1 42.1 42.1 0.42 

Family history of CAD (%) 64.0 67.6 65.3 67.9 0.46 

Cardiometabolic parameters 

Systolic BP, mm Hg 130.1 (17.2) 130.1 (18.5) 130.0 (18.7) 127.8 (15.7) 0.14 

Hs-CRP 3.6 (5.2) 3.7 (7.2) 4.7 (10.0) 6.6 (41.0) 0.12 

LDL, mg/dL 119.4 (37.5) 117.3 (35.5) 120.3 (33.9) 116.3 (33.6) 0.63 

HDL, mg/dL 55.0 (16.5) 54.3 (15.2) 54.3 (16.2) 52.2 (14.4) 0.08 

TG, mg/dL 118.2 (74.6) 119.0 (87.7) 117.4 (76.9) 133.2 (115.7) 0.03 

Glucose, mg/dL 99.2 (34.9) 97.2 (26.1) 98.5 (31.4) 101.6 (35.3) 0.55 

Hemoglobin A1c, % 5.6 (1.0) 5.6 (1.0) 5.6 (1.1) 5.7 (1.0) 0.08 

HOMA- IR 3.3 (3.0) 3.6 (3.6) 3.6 (3.3) 3.9 (3.6) <0.01 

BMI, kg/m2 29.0 (5.3) 29.0 (5.5) 29.4 (5.5) 29.4 (5.5) 0.22 

Whole body fat, % 36.2 (9.0) 36.5 (8.5) 36.8 (8.6) 36.9 (8.9) 0.42 

Waist circumference, cm 92.4 (12.4) 93.0 (13.1) 93.5 (13.0) 94.0 (12.7) 0.13 

Sedentary time and fitness parameters 

Sedentary time, min/day 180.9 (45.1) 258.6 (43.3) 319.4 (45.1) 413.1 (63.1) <0.01 

Moderate physical activity, min/day 57.4 (38.1, 
94.3) 

37.5 (24.3, 
58.7) 

28.1 (16.7, 
43.0) 

15.7 (7.9, 
27.8) 

<0.01 

Moderate physical activity, MET-
min/day 

258.2 (171.6, 
424.1) 

168.8 (109.1, 
264.2) 

126.6 (75.2, 
193.5) 

70.7 (35.4, 
124.9) 

<0.01 

Vigorous physical activity, min/day 1.0 (0.3, 2.4) 0.8 (0.3, 1.9) 0.4 (0.0, 1.4) 0.1 (0.0, 0.9) <0.01 

Vigorous physical activity, MET-
min/day 

9.0 (2.3, 
21.9) 

6.8 (2.3, 
16.7) 

3.9 (0.0, 
12.9) 

1.3 (0.0, 7.7) <0.01 

Peak VO2, ml/kg/min 29.1 (10.6) 28.8 (10.0) 28.4 (10.4) 27.8 (9.7) 0.11 

Cardiac MRI Parameters 

Stroke volume, mL 81.4 (16.6) 81.3 (16.1) 80.5 (16.8) 80.1 (15.4) 0.30 



 

 
: BP: Blood pressure; HTN: Hypertension; DM: diabetes mellitus; hs-CRP: High sensitivity C- reactive protein; LDL-C: Low density 
lipoprotein; HDL: High density lipoprotein; TG: Triglycerides; HOMA-IR: homeostatic model assessment of insulin resistance; CAD: 
Coronary artery disease; BMI: Body mass index; Peak VO2: Peak oxygen consumption uptake; LV: Left ventricle; BSA: Body 
surface area; LVEDV: Left ventricular end-diastolic volume; LA: Left atrium 
  

LA maximum volume, mL 62.4 (21.2) 63.3 (22.3) 60.6 (21.5) 62.9 (20.9) 0.90 

Peak systolic strain, sec-1 -14.5 (2.8) -14.7 (2.6) -14.7 (2.9) -14.6 (2.8) 0.65 

Effective arterial elastance, mmHg/mL 1.52 (0.4) 1.52 (0.4) 1.54 (0.4) 1.51 (0.32) 0.72 

LV mass indexed to BSA, g/m2 64.4 (14.0) 64.1 (13.8) 64.2 (14.2) 63.3 (15.8) 0.15 

LVEDV indexed to BSA, mL/m2 61.7 (12.2) 61.1 (10.8) 59.6 (11.1) 60.2 (10.7) 0.05 

Data presented as mean (standard deviation) for continuous variables (except physical activity parameters which are reported as 
median (interquartile range), and proportions for categorical variables 



Table S2. Association between moderate physical activity, vigorous physical activity, sedentary 
time and CRF with measures of cardiac structure and function (Model 2 + body fat composition).  

 

 

CMR outcome 

Cardiorespiratory fitness Vigorous physical activity Moderate physical activity Sedentary time 

Std. ß 
(95% CI) 

P value 
Std. ß 

(95% CI) 
P value 

Std. ß 
(95% CI) 

P value 
Std. ß 

(95% CI) 
P value 

Stroke volume 
0.20 

(0.14, 0.25) 
<0.01 

0.06 
(0.01, 0.11) 

0.02 
0.03 

(-0.03, 0.09) 
0.31 

-0.004 
(-0.06, 0.05) 

0.90 

LA maximum 
volume 

0.15  
(0.07, 0.22) 

<0.01 
-0.003 

(-0.06, 0.06) 
0.93 

0.03 
(-0.05, 0.11) 

0.41 
-0.03 

(-0.11, 0.04) 
0.38 

Peak systolic 
strain 

-0.19 
(-0.26, -0.11) 

<0.01 
-0.02 

(-0.08, 0.05) 
0.57 

0.03 
(-0.05, 0.11) 

0.50 
-0.01 

(-0.01, 0.07) 
0.85 

Effective arterial 
elastance 

-0.16 
(-0.21, -0.11) 

<0.01 
-0.04 

(-0.09, 0.01) 
0.09 

-0.02 
(-0.07, 0.04) 

0.54 
0.004 

(-0.05, 0.06) 
0.89 

LV mass 
indexed to BSA 

0.08 
(0.03, 0.12) 

<0.01 
0.06 

(0.02, 0.10) 
<0.01 

0.04 
(-0.01, 0.09) 

0.11 
0.03 

(-0.02, 0.08) 
0.24 

LVEDV indexed 
to BSA 

0.16 
(0.11, 0.22) 

<0.01 
0.06 

(0.01, 0.11) 
0.01 

0.05 
(-0.003, 0.11) 

0.06 
0.02 

(-0.03, 0.07) 
0.48 

 

 
This model was adjusted for baseline age, sex, race/ethnicity, education level, income, lean body mass, percent fat mass, smoking 
status, systolic blood pressure, history of diabetes, history of hypertension, blood glucose levels, serum LDL-C, and family history of 
coronary artery disease, moderate PA, vigorous PA, CRF, and sedentary time levels (all in the same model). 
 
*Std. ß estimate for the association between exposure of interest (CRF, vigorous physical activity, moderate physical activity, 
sedentary time) and each CMR outcome represents the number of standard deviations the outcome will change per 1 standard 
deviation higher exposure variable keeping other covariates fixed. 
 
LA: left atrial; LV: left ventricular; BSA: body surface area; LVEDV: left ventricular end-diastolic volume 
  



Table S3. Sex- stratified associations between moderate physical activity, vigorous physical 
activity, sedentary time and CRF with measures of cardiac structure and function. 

 

Female 

CMR outcome 

Cardiorespiratory fitness Vigorous physical activity Moderate physical activity Sedentary time 

Std. ß 
(95% CI) 

P value 
Std. ß 

(95% CI) 
P value 

Std. ß 
(95% CI) 

P value 
Std. ß 

(95% CI) 
P value 

Stroke volume 
0.19 

(0.13, 0.26) 
<0.01 

0.06 
(-0.01, 0.13) 

0.11 
-0.03 

(-0.11, 0.06) 
0.54 

-0.06 
(-0.13, 0.02) 

0.13 

LA maximum 
volume 

0.11 
(0.03, 0.20) 

0.01 
-0.02 

(-0.10, 0.06) 
0.60 

-0.01 
(-0.11, 0.09) 

0.87 
0.03 

(-0.06, 0.12) 
0.47 

Peak systolic 
strain 

-0.14 
(-0.22, -0.06) 

<0.01 
-0.04 

(-0.12, 0.04) 
0.31 

0.06 
(-0.04, 0.10) 

0.23 
0.03 

(-0.06, 0.11) 
0.52 

Effective arterial 
elastance 

-0.16 
(-0.22, -0.10) 

<0.01 
-0.04 

(-0.10, 0.02) 
0.15 

0.04 
(-0.03, 0.11) 

0.30 
0.05 

(-0.02, 0.11) 
0.15 

LV mass 
indexed to BSA 

0.11 
(0.04, 0.17) 

0.002 
0.01 

(-0.06, 0.08) 
0.81 

-0.01 
(-0.09, 0.07) 

0.78 
-0.01 

(-0.08, 0.06) 
0.72 

LVEDV indexed 
to BSA 

0.19 
(0.12, 0.26) 

<0.01 
0.02 

(-0.05, 0.09) 
0.50 

0.01 
(-0.07, 0.09) 

0.88 
-0.03 

(-0.10, 0.05) 
0.45 

Male 

CMR outcome 

Cardiorespiratory fitness Vigorous physical activity Moderate physical activity Sedentary time 

Std. ß 
(95% CI) 

P value 
Std. ß 

(95% CI) 
P value 

Std. ß 
(95% CI) 

P value 
Std. ß 

(95% CI) 
P value 

Stroke volume 
0.34 

(0.26, 0.44) 
<0.01 

0.13 
(0,04, 0.21) 

<0.01 
0.02 

(-0.07, 0.12) 
0.64 

0.02 
(-0.07, 0.12) 

0.67 

LA maximum 
volume 

0.25 
(0.15, 0.36) 

<0.01 
0.02 

(-0.06, 0.11) 
0.60 

0.03 
(-0.09, 0.14) 

0.67 
-0.11 

(-0.22, 0.01) 
0.06 

Peak systolic 
strain 

-0.15 
(-0.25, -0.06) 

<0.01 
0.01 

(-0.08, 0.10) 
0.88 

0.003 
(-0.11, 0.11) 

0.95 
0.003 

(-0.10, 0.11) 
0.96 

Effective arterial 
elastance 

-0.30 
(-0.38, -0.21) 

<0.01 
-0.11 

(-0.18, -0.03) 
0.01 

-0.03 
(-0.122, 0.10) 

0.49 
-0.03 

(-0.12, 0.06) 
0.49 

LV mass indexed 
to BSA 

0.25 
(0.16, 0.33) 

<0.01 
0.19 

(0.12, 0.26) 
<0.01 

-0.002 
(-0.09, 0.09) 

0.96 
0.04 

(-0.04, 0.13) 
0.33 

LVEDV indexed to 
BSA 

0.31 
(0.22, 0.40) 

<0.01 
0.14 

(0.06, 0.22) 
<0.01 

0.02 
(-0.08, 0.12) 

0.69 
0.01 

(-0.08, 0.10) 
0.85 

This model was adjusted for baseline age, sex, race/ethnicity, education level, income, BMI, smoking status, systolic blood 
pressure, history of diabetes, history of hypertension, blood glucose levels, serum LDL-C, and family history of coronary artery 
disease, moderate PA, vigorous PA, CRF, and sedentary time levels (all in the same model). 
 
*Std. ß estimate for the association between exposure of interest (CRF, vigorous physical activity, moderate physical activity, 
sedentary time) and each CMR outcome represents the number of standard deviations the outcome will change per 1 standard 
deviation higher exposure variable keeping other covariates fixed. 
 
LA: left atrial; LV: left ventricular; BSA: body surface area; LVEDV: left ventricular end-diastolic volume 

 

  



Table S4. Obesity - stratified associations between moderate physical activity, vigorous physical 
activity, sedentary time and CRF with measures of cardiac structure and function. 

 

Obese  

CMR outcome 

Cardiorespiratory fitness Vigorous physical activity Moderate physical activity Sedentary time 

Std. ß 
(95% CI) 

P value 
Std. ß 

(95% CI) 
P value 

Std. ß 
(95% CI) 

P value 
Std. ß 

(95% CI) 
P value 

Stroke volume 
0.27 

(0.18, 0.37) 
<0.01 

0.04 
(-0.04, 0.12) 

0.30 
-0.03 

(-0.12, 0.08) 
0.61 

-0.07 
(-0.16, 0.02) 

0.15 

LA maximum 
volume 

0.23 
(0.12, 0.34) 

<0.01 
-0.03 

(-0.13, 0.07) 
0.61 

-0.05 
(-0.18, 0.07) 

0.42 
-0.07 

(-0.18, 0.04) 
0.22 

Peak systolic 
strain 

-0.13 
(-0.22, -0.03) 

0.01 
-0.01 

(-0.10, 0.08) 
0.79 

0.11 
(0.01, 0.22) 

0.04 
0.06 

(-0.04, 0.16) 
0.26 

Effective arterial 
elastance 

-0.21 
(-0.29, -0.13) 

<0.01 
0.01 

(-0.06, 0.08) 
0.81 

0.03 
(-0.06, 0.11) 

0.56 
0.07 

(-0.01, 0.15) 
0.08 

LV mass 
indexed to BSA 

0.11 
(0.03, 0.18) 

<0.01 
-0.003 

(-0.07, 0.06) 
0.91 

0.03 
(-0.04, 0.11) 

0.39 
-0.03 

(-0.10, 0.04) 
0.41 

LVEDV indexed 
to BSA 

0.24 
(0.15, 0.33) 

<0.01 
0.04 

(-0.04, 0.12) 
0.33 

-0.002 
(-0.10, 0.09) 

0.97 
-0.06 

(-0.14, 0.03) 
0.22 

Non-obese 

CMR outcome 

Cardiorespiratory fitness Vigorous physical activity Moderate physical activity Sedentary time 

Std. ß 
(95% CI) 

P value 
Std. ß 

(95% CI) 
P value 

Std. ß 
(95% CI) 

P value 
Std. ß 

(95% CI) 
P value 

Stroke volume 
0.26 

(0.19, 0.33) 
<0.01 

0.11 
(0.04, 017) 

<0.01 
0.02 

(-0.06, 0.10) 
0.61 

0.01 
(-0.06, 0.09) 

0.72 

LA maximum 
volume 

0.17 
(0.08, 0.26) 

<0.01 
0.02 

(-0.06, 0.09) 
0.62 

0.05 
(-0.05, 0.15) 

0.29 
0.01 

(-0.09, 0.10) 
0.89 

Peak systolic 
strain 

-0.16 
(-0.24, -0.08) 

<0.01 
-0.01 

(-0.08, 0.07) 
0.83 

-0.03 
(-0.13, 0.06) 

0.46 
-0.02 

(-0.1, 0.07) 
0.69 

Effective arterial 
elastance 

-0.21 
(-0.27, -0.14) 

<0.01 
-0.10 

(-0.16, -0.04) 
<0.01 

-0.01 
(-0.08, 0.06) 

0.82 
-0.02 

(-0.09, 0.05) 
0.56 

LV mass indexed 
to BSA 

0.17 
(0.11, 0.23) 

<0.01 
0.13 

(0.08, 0.19) 
<0.01 

-0.04 
(-0.10, 0.03) 

0.29 
0.03 

(-0.03, 0.09) 
0.32 

LVEDV indexed to 
BSA 

0.24 
(0.17, 0.30) 

<0.01 
0.10 

(0.04, 0.16) 
<0.01 

0.02  
(-0.05, 0.10) 

0.54 
0.02 

(-0.05, 0.09) 
0.58 

This model was adjusted for baseline age, sex, race/ethnicity, education level, income, BMI, smoking status, systolic blood 
pressure, history of diabetes, history of hypertension, blood glucose levels, serum LDL-C, and family history of coronary artery 
disease, moderate PA, vigorous PA, CRF, and sedentary time levels (all in the same model). 
*Std. ß estimate for the association between exposure of interest (CRF, vigorous physical activity, moderate physical activity, 
sedentary time) and each CMR outcome represents the number of standard deviations the outcome will change per 1 standard 
deviation higher exposure variable keeping other covariates fixed. 
LA: left atrial; LV: left ventricular; BSA: body surface area; LVEDV: left ventricular end-diastolic volume 



Figure S1. Cohort derivation for the study. 

N = 3,401 DHS Phase 2 
Participants 

2,771 with CRF data 
available 

2,690 without prevalent 
MI or HF 

1,752 with CMR data & 
LVEF ≥50% 

1,628 without baseline 
beta-blocker use 

1,368  with available 
accelerometer data 
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