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High sensitivity cardiac troponin T (hscTnT), soluble ST2 (sST2), N-terminal B-type natri-
uretic peptide (NT-proBNP), and galectin-3 are biomarkers of cardiac injury, stress, myo-
cardial stretch, and fibrosis. Elevated levels are associated with poor outcomes. However,
their association with cardiac mechanics in older persons is unknown. Associations
between these biomarkers and cardiac mechanics derived from speckle tracking echocar-
diography, including left ventricular longitudinal strain (LVLS), early diastolic strain,
and left atrial reservoir strain (LARS) were evaluated using standardized beta coefficients
() in a cross sectional analysis with cardiac biomarkers in older patients without cardiovas-
cular disease, low ejection fraction, or wall motion abnormalities. Biomarker associations
with strain were attenuated by demographics and risk factors. In adjusted models, LVLS
was associated with continuous measures of hscTnT (b^�0.06, p = 0.020), sST2 (b^ �0.05,
p = 0.024) and NT-proBNP (b^ �0.06, p = 0.007). “High” levels (i.e., greater than prognos-
tic cutpoint) of hscTnT (>13 ng/ml), sST2 (>35 ng/ml), and NT-proBNP (>190 pg/ml)
were also associated with worse LVLS. In risk factor adjusted models, LARS was associ-
ated with hscTnT (b^ �0.08, p = 0.003) and NT-proBNP (b^�0.18, p <0.0001). High
hscTnT (>13 ng/ml) and high NT-proBNP (>190 pg/ml) were also both associated with
worse LARS. Gal-3 was not associated with any strain measure. In conclusion, in persons
≥ 65 years of age, without cardiovascular disease, low ejection fraction, or wall motion
abnormalities, hscTnT, sST2, and NT-proBNP are associated with worse LVLS. HscTnT
and NT-proBNP are associated with worse LARS. In conclusion, these subclinical
increases in blood biomarkers, and their associations with subtle diastolic and systolic dys-
function, may represent pre-clinical heart failure. © 2020 Elsevier Inc. All rights
reserved. (Am J Cardiol 2020;136:156−163)
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High sensitivity cardiac troponin T (hscTnT), N-ter-
minal B-type natriuretic peptide (NT-proBNP), soluble
ST2 (sST2), and galectin-3 (gal-3) are soluble blood
biomarkers of cardiac injury, myocardial stretch, strain,
and fibrosis which are associated with poor outcomes1−8

including cardiovascular death, sudden death, myocar-
dial infarction, and incident heart failure in ambulatory
older adults. It is unknown to what extent these bio-
markers are linked to changes in systolic and diastolic
function in older adults free of overt cardiac disease, or
asymptomatic decrease in LV ejection fraction. There-
fore, we evaluated the cross-sectional association of
hscTnT, sST2, NT-proBNP, and gal-3 with sensitive9,10

measures of systolic and diastolic LV and LA function
measured by speckle tracking echocardiography, using
digitized archived echocardiogram tapes of community-
based participants in the Cardiovascular Health Study
(CHS).
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Methods

CHS is a multicenter prospective observational cohort
study of cardiovascular disease in adults aged 65 years or
older. Participants (n = 5,888) include those initially
enrolled in 1989 to 1990 (n = 5,201), and a supplemental
cohort (n = 687) of African-Americans enrolled in 1992 to
1993. The methodology and design of the CHS have been
reported previously.11 Participants in the main cohort were
recruited from 4 centers in the United States: Sacramento,
CA; Pittsburgh, PA; Winston-Salem, NC; and Hagerstown,
MD. For the supplemental cohort the PA, NC, and CA sites
were used.

An extensive examination was performed at baseline,
including medical history, medication inventory, venipunc-
ture, seated blood pressure, electrocardiogram, and ultra-
sound of the carotid arteries. Measures of clinical and
subclinical CVD were determined. Clinical cardiovascular
disease included history of myocardial infarction (MI),
angina pectoris, use of nitroglycerin, pacemaker, coronary
artery bypass or angioplasty, claudication, congestive heart
failure, stroke, transient ischemic attack, or history of
carotid endarterectomy. Participants with prevalent coro-
nary heart disease (previous MI, angina, coronary artery
bypass, or angioplasty) or previous congestive heart failure
at the time of echocardiography were excluded from the
present analysis. Participants were also excluded if they
had decreased LV ejection fraction or LV wall motion
abnormalities observed on the echocardiogram.

Participants within the baseline cohort (enrolled in 1989
to 1990) were included if complete cardiac mechanics and
biomarker data were both collected on the same examina-
tion day. Participants within the supplemental cohort were
included if complete cardiac mechanics and biomarker data
were collected during an echocardiogram completed in
1994 to1995 and from blood samples obtained in 1995 to
1996.

The CHS was approved by the institutional review
boards of the University of Washington, Seattle, and the
participating centers. All participants gave written informed
consent. The present study was determined by the institu-
tional review board of the University of Maryland to be
exempt from human subjects review.

The design of the echocardiography protocol used in
CHS has been described in detail elsewhere.12 Between
2017 to 2018, archived echocardiograms originally
recorded on videotape in analog format were digitized using
the TIMS 2000 DICOM System (Foresight Imaging,
Chelmsford, Massachusetts). Cine loops of 2 to 4 cardiac
cycles were digitized at a frame rate of 30 to 40 frames per
second (fps) and stored offline in DICOM format. Valida-
tion of speckle tracking echocardiography using digitized
videotapes in comparison with prospective digital acquisi-
tion has been previously reported.13 The measures reported
in this study included LVLS, determined as average peak
longitudinal strain (obtained from apical 4 chamber views),
LVEDSR, and LARS. Reproducibility of these measures is
reported in Supplemental Table S1.

The 4 biomarkers studied (hscTnT, sST2, NT-proBNP,
and gal-3) were measured in serum collected in 1989 to
1990 for the main cohort, and in 1995 to 1996 for the
supplemental cohort, and stored at �70C to �80C. Samples
were thawed just before testing (maximum of 3 freeze-thaw
cycles) and measured in April 2010 (hscTnT and
NTproBNP), April through September 2013 (sST) and May
through October 2013 (Gal 3) as previously reported.1,4,14

Analyte stability has been demonstrated for at least 1 to
2 years from previously frozen samples.15−17 As in previ-
ous studies by our group, standardized approaches to collec-
tion, aliquoting, and freezing of samples were followed
with the intent of minimizing degradation.

Log-transformed biomarkers were modeled as continu-
ous variables and as binary variables utilizing cut-points
employed in previous analyses.3,8,18,19 Specifically these
are: hscTnT >13 ng/ml, a partition value previously estab-
lished in CHS4; sST2 >35 ng/ml, the FDA-approved cut-
point for heart failure; NT-proBNP >190 pg/ml, the thresh-
old previously identified indicating greater risk of heart fail-
ure in CHS, and gal-3 >17.8 ng/ml, the FDA-approved cut-
point for prognostication in HF. For hscTnT, participants
with levels below the limit of detection (3 ng/ml) were
assigned imputed values at 2.99 ng/ml.

Demographic and clinical factors were compared across
quartiles of each strain measure using ANOVA or Kruskal-
Wallis tests for continuous variables, and Chi-squared test
for categorical variables. Linear pairwise correlations in
log-transformed cardiac biomarkers and echocardiographic
strain measures were estimated using Pearson’s correlation
coefficients.

Cross-sectional associations of each log-transformed
biomarker with cardiac mechanics were evaluated in sepa-
rate hierarchal multivariable linear regression models. The
baseline model was adjusted for echocardiography site,
speckle tracking reader, and chamber image quality. A
demographics-adjusted model was additionally adjusted for
age, race and gender. Finally, a risk-factor model was
adjusted for demographic variables as well as prevalent dia-
betes and hypertension, systolic and diastolic blood pres-
sure, previous stroke, HDL-cholesterol, LDL-cholesterol,
triglycerides, smoking, body mass index, and estimated glo-
merular filtration rate (eGFR). For all linear regression
models, we tested the assumptions of homoskedasticity
with the Cook-Weissberg test.

In an exploratory analysis, we tested the effect of addi-
tion of atrial fibrillation to the risk-factor adjusted model.
Additionally, we evaluated nonlinear models through
restricted cubic and basis spline models with variable knots.
We also assessed the effects of interaction terms between
each log-transformed and normalized biomarker with race
and gender in risk-factor adjusted models. Where more
than 1 biomarker was patiently associated with a strain vari-
able in risk-factor adjusted models, we tested for simulta-
neous attenuation or residual patient effects in a
multivariable risk-factor adjusted model.

Regression coefficients are presented as the primary
measure of association. As the different strain measures are
quantified by different units of measurement, we addition-
ally present standardized regression coefficients (b^) after
transforming each strain outcome and log-transformed bio-
marker on a N (0, 1) normalization to permit qualitative
comparisons across different strain measures. Since the
study was comprised of an initial and a supplementary
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cohort, we performed analyses to assess effect modification
by cohort.

To minimize the likelihood of Type II error, for reasons
described by others20−22 p values were not adjusted for
multiple comparisons. Specifically, the present study
focused on a limited number of comparisons, the compari-
sons were made on sensible scientific rationales, and all
comparisons are reported.
Results

In 5,888 CHS participants 1,845 by design
(Supplemental Figure S1) had 1 or more baseline exclusion
criteria (1,171 coronary heart disease, 298 congestive heart
failure, 753 abnormal or borderline ejection fraction, and
887 abnormal or borderline segmental wall motion). An
additional 1,277 participants had 1 or more missing bio-
marker measurement, and 693 had 1 or more missing strain
measure. Hence, 2,073 (51%) participants met study criteria
for absence of prevalent coronary heart disease and/or heart
failure, and complete cross-sectional biomarker and strain
data. The mean (SD) age of included participants was 725

years and 64% were female. Participants with complete bio-
marker and strain data (Supplemental Figure S2) were
slightly younger (av 72.4 vs 72.7 yrs), less likely to be Afri-
can American (10.3 vs 13.4 y%), had lower prevalence of
stroke (2.3 vs 4.0%), lower body mass index (26.2 vs 26.7
kg/m2), but higher prevalence of diabetes (14.3 vs 11.6 %).

Patient log transformed biomarker values plotted against
strain values are shown in Supplemental Figure 2. Model fit
was not improved using non-linear models
(Supplemental Table S3). Older age, black race, higher
SBP, DBP and BMI, and higher prevalence of hypertension
were associated with lower (worse) values of LVLS,
LVEDSR, and LARS (Table 1). The proportion of male
participants was highest in participants with lower LVLS
and LVEDSR, and lowest in participants with lower LARS.
Lower HDL and higher triglycerides and higher prevalence
of diabetes were associated with lower values of LVLS and
LVEDSR, but not LALS. Higher prevalence of stroke and
chronic kidney disease, and lower eGFR were associated
with lower LVEDSR only.

Higher values of hscTnT, sST2, and NT-proBNP were
associated with lower values of all strain measures, LVLS,
LVEDSR and LARS. Galectin-3 was not associated with
any strain measure.

Correlation between cardiac biomarkers and speckle-
tracking echocardiographic measures (Table 2) were low
(all Pearson r ≤ 0.18). HscTnT was moderately correlated
with NT-proBNP (r = 0.33) and sST2 (r = 0.17), but poorly
correlated with all strain measures (all r ≤ 0.13). LVLS was
moderately to strongly correlated (r = 0.70) with LVEDSR.

Associations of biomarkers with cardiac strain are pre-
sented in Table 3 for continuous measures, and Table 4 for
prognostic biomarker endpoints. LV longitudinal systolic
strain: In risk factor adjusted models, LVLS was signifi-
cantly associated with hscTnT sST2, and NT-proBNP .
Similarly high hscTnT (>13 ng/ml), high sST2 (>35 ng/
ml), and high NT-proBNP (>190 pg/ml) were associated
with worse systolic strain after adjustment for risk factors.
Gal-3, either as a continuous measure or dichotomized
based on a prognostic cut point, was not associated with
LVLS.

LV diastolic strain rate: After adjustment for demo-
graphics and risk-factors, no biomarkers were associated
with LVEDSR as either continuous measures or after
dichotomization based on prognostic cutpoints.

LA reservoir strain: In risk factor adjusted models,
LARS was associated with both hscTnT, and NT-proBNP.
Similarly, high hscTnT (>13 ng/ml) and high NT-proBNP
(>190 pg/ml) were associated with worse LARS. Neither
gal-3 or sST2, either as continuous measures or dichoto-
mized based on prognostic cut points, were associated with
LARS.

Additional adjustment for atrial fibrillation (either his-
tory, or concurrent atrial fibrillation at the day of the echo-
cardiogram) had minimal effect on associations of
continuous measures of biomarkers with cardiac strain
(Supplemental Tables S4a and S4b). We found a significant
interaction between hscTnT and gender as predictors of
LVLS (Supplemental Table S5).

When adjusted simultaneously for hscTnT, sST2, NT-
proBNP, and risk-factors, no biomarker was associated
with LVLS. When adjusted simultaneously for both
hscTnT, NT-proBNP, and risk factors, hscTnT was no lon-
ger associated with LARS (b^ = -0.03; p-value = 0.21) but
the association of NT-proBNP with LARS was essentially
unchanged (b^ = -0.17; p-value <0.0001).

Evaluation of interaction effects between each bio-
marker and participant cohort did not suggest presence of
effect modification. With exclusion of the supplementary
cohort, there was slight strengthening of the association
between the biomarkers and strain measures.
Discussion

The principal findings of this study are that in free-living
older subjects without clinical cardiovascular disease,
decreased LV ejection fraction, or regional wall motion
abnormality, higher levels of cardiac-specific soluble bio-
markers of atrial overload (NT-proBNP), and to a lesser
extent, myocardial injury (hscTnT) are associated with
worse left atrial strain. There were modest associations of
hscTnT, NTproBNP and sST2 with worse LV systolic
strain, and hscTnT and NTproBNP with worse LA reservoir
strain. Because those associations were attenuated by
adjustment for risk factors, it is possible that subclinical dis-
ease may have accounted for some of biomarker associa-
tions with worse LV systolic and LA reservoir strain. No
biomarker was independently associated with LVEDSR.
Galectin-3, a systemic biomarker of fibrosis and inflamma-
tion, showed no association with any measure of cardiac
strain.

Importantly, the data suggest differing associations of
biomarkers with LV systolic strain versus LA reservoir
strain. Although both NT-proBNP and hscTnT were signifi-
cantly associated with worse LARS, the association of NT-
proBNP with worse LARS was independent of hscTnT (but
not vice versa), and the strength of association of NT-
proBNP with worse LARS was greater than that of hscTnT.
It is likely that after accounting for the impact of myocar-
dial injury (hscTnT) on elevated filling pressure (NT-
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Table 1

Comparison of selected participant characteristics and biomarkers by quartiles of LV longitudinal systolic strain, LV early diastolic strain rate, and LA reser-

voir strain

Variable LV Longitudinal Systolic Strain (%) p Value

Q1

(≤12.301)
(n = 518)

Q2

(12.302−14.562)
(n = 518)

Q3

(14.563−17.061)
(n = 519)

Q4

(≥17.062)
(n = 518)

Age, mean (SD) (years) 73.1 § 5.7 72.7 § 5.5 72.1 § 5.1 71.7 § 5.0 <.001
Men 240 (46.3%) 204 (39.4%) 184 (35.5%) 126 (24.3%) <.001
Black 82 (15.8%) 47 (9.1%) 46 (8.9%) 39 (7.5%) <.001
SBP, mean (SD) (mmHg) 138.2 § 20.8 136.8 § 21.5 134.9 § 20.3 132.9 § 21.9 <.001
DBP, mean (SD) (mm Hg) 71.8 § 11.6 70.9 § 11.1 70.0 § 10.4 69.1 § 10.4 <.001
Hypertension medication* 211 (40.8%) 194 (37.6%) 192 (37.1%) 171 (33.1%) 0.08

Hypertension 322 (62.2%) 308 (59.7%) 275 (53.1%) 248 (47.9%) <.001
Diabetes mellitus 101 (19.8%) 69 (13.5%) 65 (12.6%) 59 (11.4%) <.001
Stroke 17 (3.3%) 12 (2.3%) 11 (2.1%) 7 (1.4%) 0.22

Atrial fibrillation 19 (4.5%) 14 (3.3%) 9 (2.1%) 11 (2.5%) 0.17

Smoker 0.91

Never 246 (47.5%) 239 (46.1%) 255 (49.2%) 258 (49.8%)

Former 208 (40.2%) 219 (42.3%) 205 (39.6%) 202 (39.0%)

Current 64 (12.4%) 60 (11.6%) 58 (11.2%) 58 (11.2%)

eGFR, mean (SD) (ml/min/1.73m2) 74.0 § 17.1 73.4 § 17.1 74.3 § 16.5 75.5 § 16.0 0.22

CKDy 112 (21.7) 121 (23.4) 102 (19.7) 102 (19.7) 0.41

BMI, mean (SD) (kg/m2) 27.3 § 4.6 26.3 § 4.3 26.0 § 4.2 25.2 § 4.1 <.001
LDL cholesterol, mean (SD) (mg/dl) 129 § 35 129§ 35 131 § 36 132 § 35 0.52

HDL cholesterol, mean (SD) (mg/dl) 53.1 § 15.3 54.5 § 14.9 56.4 § 16.0 59.1 § 15.2 <.001
Triglycerides, median (IQR) (mg/dl) 127 (99−172) 123 (94−167) 115 (90−160) 111 (87−148) <.0001
High-sensitivity cTnT, median (IQR) (ng/ml) 6.0 (3.0−10.2) 4.5 (3.0−8.6) 4.2 (3.0−8.2) 3.5 (3.0−7.7) <.0001
Soluble ST2, median (IQR) (ng/ml) 24.5 (19.4−30.6) 23.1 (18.6−28.5) 22.7 (18.2−28.3) 21.2 (17.5−26.7) <.0001
NT-proBNP, median (IQR) (pg/ml) 105.3 (50.3−218.7) 103.8 (52.7−202.4) 86.4 (50.5−167.7) 102.8 (58.2−183.5) 0.048

Galectin-3, median (IQR) (ng/ml) 15.3 (12.2−18.5) 15.6 (12.7−19.0) 15.2 (12.6−18.5) 15.1 (12.3−18.7) 0.67

Patient Characteristics LV Early Diastolic Strain Rate (s�1) p Value

Q1

(≤0.510)
(n = 519)

Q2

(0.511−0.652)
(n = 517)

Q3

(0.653−0.818)
(n = 519)

Q4

(≥0.819)
(n = 518)

Age, mean (SD) (years) 73.5 § 5.9 72.4 § 5.1 72.0 § 5.2 71.5 § 5.0 <.001
Men 238 (45.9%) 199 (38.5%) 183 (35.3%) 134 (25.9%) <.001
Black 74 (14.3%) 61 (11.8%) 43 (8.3%) 36 (6.9%) <.001
SBP, mean (SD) (mm Hg) 139.2 § 21.6 137.3 § 20.7 134.9 § 20.5 131.6 § 21.4 <.001
DBP, mean (SD) (mm Hg) 71.9 § 11.2 70.7 § 11.5 70.2 § 10.6 68.9 § 10.2 <.001
Hypertension medication* 210 (40.6%) 205 (39.8%) 182 (35.1%) 171 (33.0%) 0.030

Hypertension 327 (63.1%) 310 (60.0%) 270 (52.2%) 246 (47.5%) <.001
Diabetes mellitus 105 (20.5%) 74 (14.6%) 66 (12.8%) 49 (9.5%) <.001
Stroke 21 (4.0%) 11 (2.1%) 8 (1.5%) 7 (1.4%) 0.014

Atrial fibrillation 9 (2.2%) 15 (3.4%) 11 (2.5%) 18 (4.1%) 0.34

Smoker 0.38

Never 240 (46.2%) 249 (48.3%) 242 (46.6%) 267 (51.5%)

Former 222 (42.8%) 201 (39.0%) 221 (42.6%) 190 (36.7%)

Current 57 (11.0%) 66 (12.8%) 56 (10.8%) 61 (11.8%)

eGFR, mean (SD) (ml/min/1.73m2) 72.5 § 17.7 73.7 § 16.4 75.1 § 16.7 75.9 § 15.8 0.007

CKDy 130 (25.1) 115 (22.3) 97 (18.7) 95 (18.3) 0.022

BMI, mean (SD) (kg/m2) 27.4 § 4.5 26.1 § 4.2 25.9 § 4.1 25.4 § 4.3 <.001
LDL cholesterol, mean (SD) (mg/dl) 130 § 36 133 § 36 129 § 34 130 § 35 0.24

HDL cholesterol, mean (SD) (mg/dl) 53.1 § 15.1 54.5 § 14.7 56.9 § 15.9 58.5 § 15.8 <.001
Triglycerides, median (IQR) (mg/dl) 127 (97−173) 121 (94−169) 118 (91−160) 110 (87−147) <.0001
High-sensitivity cTnT, median (IQR) (ng/ml) 5.6 (3.0−9.8) 4.8 (3.0−8.6) 4.3 (3.0−8.6) 3.5 (3.0−7.9) <.0001
Soluble ST2, median (IQR) (ng/ml) 24.0 (19.5−30.2) 22.7 (18.5−27.5) 22.7 (18.0−28.5) 21.5 (17.1−27.8) <.0001
NT-proBNP, median (IQR) (pg/ml) 109.6 (53.1−218.9) 103.5 (55.2−184.2) 88.6 (45.5−184.4) 94.4 (57.4−186.6) 0.014

Galectin-3, median (IQR) (ng/mLl) 15.5 (12.4−19.0) 15.1 (12.2−18.5) 15.4 (12.7−19.0) 15.0 (12.4−18.5) 0.24

Patient Characteristics LA Reservoir Strain (%) p Value

Q1

(≤30.359)
(n = 518)

Q2

(30.360−38.954)
(n = 518)

Q3

(38.955−50.788)
(n = 519)

Q4

(≥50.789)
(n = 518)

Age, mean (SD) (years) 73.7 § 5.8 72.5 § 5.5 71.6 § 4.8 71.6 § 4.9 <.001
Men 152 (29.3%) 176 (34.0%) 189 (36.4%) 237 (45.8%) <.001
Black 73 (14.1%) 53 (10.2%) 43 (8.3%) 45 (8.7%) 0.008

SBP, mean (SD) (mm Hg) 137.2 § 21.1 138.0 § 21.9 133.6 § 20.2 134.2 § 21.3 0.001

DBP, mean (SD) (mm Hg) 70.5 § 11.0 71.6 § 10.8 69.8 § 10.9 69.9 § 10.7 0.030

Hypertension medication* 209 (40.5%) 194 (37.5%) 184 (35.6%) 181 (34.9%) 0.25

Hypertension 293 (56.8%) 323 (62.5%) 271 (52.2%) 266 (51.4%) <.001

(continued)
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Table 1 (Continued)

Patient Characteristics LA Reservoir Strain (%) p Value

Q1

(≤30.359)
(n = 518)

Q2

(30.360−38.954)
(n = 518)

Q3

(38.955−50.788)
(n = 519)

Q4

(≥50.789)
(n = 518)

Diabetes mellitus 91 (17.8%) 72 (14.1%) 62 (12.0%) 69 (13.4%) 0.050

Stroke 18 (3.5%) 11 (2.1%) 8 (1.5%) 10 (1.9%) 0.18

Atrial Fibrillation 29 (6.9%) 8 (1.9%) 6 (1.3%) 10 (2.3%) <.001
Smoker 0.06

Never 275 (53.1%) 252 (48.6%) 232 (44.7%) 239 (46.2%)

Former 193 (37.3%) 214 (41.3%) 213 (41.0%) 214 (41.4%)

Current 50 (9.7%) 52 (10.0%) 74 (14.3%) 64 (12.4%)

eGFR, mean (SD) (ml/min/1.73m2) 72.6 § 17.1 75.4 § 16.4 75.7 § 16.3 73.4 § 16.8 0.005

CKDy 123 (23.8) 91 (17.6) 105 (20.3) 118 (22.8) 0.07

BMI, mean (SD) (kg/m2) 26.6 § 4.3 26.9 § 4.7 26.0 § 4.1 25.4 § 4.1 <.001
LDL cholesterol, mean (SD) (mg/dl) 129 § 35 134 § 37 133 § 35 125 § 33 <.001
HDL cholesterol, mean (SD) (mg/dl) 55.9 § 15.1 55.5 § 15.7 56.5 § 15.4 55.2 § 15.8 0.54

Triglycerides, median (IQR) (mg/dl) 117 (91−165) 123 (91−167) 123 (94−156) 115 (90−152) 0.19

High-sensitivity cTnT, median (IQR) (ng/ml) 5.4 (3.0−9.9) 4.4 (3.0−8.8) 4.2 (3.0−8.1) 4.3 (3.0−8.1) 0.004

Soluble ST2, median (IQR) (ng/ml) 23.6 (18.9−29.4) 23.3 (18.0−28.3) 21.9 (17.7−27.6) 22.8 (18.2−28.3) 0.014

NT-proBNP, median (IQR) (pg/ml) 134.3 (65.0−297.6) 105.3 (55.9−196.6) 89.5 (50.1−168.8) 85.4 (43.2−152.8) <.0001
Galectin-3, median (IQR) (ng/ml) 15.3 (12.5−18.7) 15.3 (12.5−18.9) 15.4 (12.6−18.7) 14.9 (12.4−18.6) 0.58

Abbreviations: BMI=Body Mass Index; CKD = Chronic Kidney Disease; DBP = Diastolic Blood Pressure; eGFR = estimated Glomular Filtration Rate;

HDL = High-Density Lipoprotein; LA = left atrial; LDL = Low-Density Lipoprotein; LV = left ventricular; SBP = Systolic Blood Pressure.

* Includes any of Angiotensin Converting Enzyme Inhibitor, Beta Blocker, Diuretic, Statin, Angiotensin II Receptor Blocker, and Calcium Channel

Blocker.
yChronic Kidney Disease (CKD) defined as eGFR<60 ml/min/1.73m2.
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proBNP level), myocardial injury per se is not meaningfully
associated with LARS. Nonetheless it remains unknown
whether the association of hscTnT with worse LARS might
be a direct effect of release of hscTnT in response to injury
of atrial myocytes, or an indirect effect of diastolic dysfunc-
tion secondary to ventricular injury and/or repair fibrosis in
response to previous or ongoing myocardial injury.

Although hscTnT, a biomarker highly specific for
myocardial myocyte injury or death, was initially intro-
duced23−25 to aid the diagnosis of acute myocardial
infarction and other coronary syndromes, research has
shown that low levels of hscTnT are detectable in
almost all patients with stable coronary heart disease
and preserved left ventricular function.2 In the CHS4 it
was shown that even in older adults without previous
history of heart failure or symptomatic coronary disease,
hscTnT was detectable in almost two-thirds of subjects.
Levels of hscTnT were associated with age and other
risk factors, and both baseline levels and their change
over time were independently associated with incident
Table 2

Pearson’s correlation among log transformed cardiac biomarkers and speckle-trac

Soluble ST2* NT-proBNP* Gale

High-sensitivity cTnT* 0.25 0.33 0

Soluble ST2* 0.17 0

NT-proBNP* 0

Galectin-3*

LV longitudinal systolic strain

LV early diastolic strain rate

Abbreviations: LA = left atrial; LV = left ventricular.

* Cardiac biomarkers are log-transformed.
heart failure and cardiovascular death, and well as with
new LV systolic dysfunction.26

The role of sST2 in the pathogenesis of cardiovascular dis-
ease is complex and may involve non-cardiac as well as car-
diovascular effects.27 Although the value of sST2 for
cardiovascular prognosis has been described,5−7 studies of
association of sST2 with cardiac structural and functional
changes have differed in their findings, but have included sys-
tolic and diastolic dysfunction and LV remodeling.24 In the
present study sST2 was associated with LV systolic strain,
but not LA reservoir strain or early diastolic strain rate.

Galectins, including gal-3, are carbohydrate binding pro-
teins important to cardiac fibrosis.8 However, like sST2,
gal-3 is not cardiac specific and has a role in a variety of
multisystem pathophysiologic processes other than fibrosis
including inflammation, liver and renal disease, and rheu-
matologic diseases. In our study, we found no association
of gal-3 with cardiac strain.

The strengths of this study include the novel finding
of association of biomarkers which represent complex
king echocardiography measures

ctin-3* LV longitudinal

Systolic Strain

LV Early Diastolic

Strain Rate

LA Reservoir

Strain

.11 �0.13 �0.11 �0.09

.05 �0.13 �0.09 �0.04

.19 �0.04 �0.02 �0.18

�0.02 �0.01 �0.03

0.70 0.25

0.10
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Table 3

. Association of continuous measures of cardiac biomarkers with cardiac strain among 2073 CHS participants

Outcome Predictor Beta (95% CI), per 1-SD ln(unit)*

Baseliney

n = 2,073

p-value Demographic

Adjustedz

n = 2,073

p-value Risk-Factor

Adjustedx

n = 2,006

p-value

LV longitudinal

systolic strain

High-sensitivity cTnT �0.14 (�0.18, �0.10) <.0001 �0.08 (�0.13, �0.03) 0.0007 �0.06 (�0.10, �0.01) 0.020

Soluble ST2 �0.11 (�0.15, �0.07) <.0001 �0.06 (�0.11, �0.02) 0.003 �0.05 (�0.09, �0.01) 0.024

NT-proBNP �0.05 (�0.09, �0.01) 0.026 �0.05 (�0.10, �0.01) 0.015 �0.06 (�0.11, �0.02) 0.007

Galectin-3 �0.01 (�0.05, 0.03) 0.54 �0.03 (�0.08, 0.01) 0.11 �0.01 (�0.06, 0.03) 0.51

LV early dia-

stolic strain

rate

High-sensitivity cTnT �0.12 (�0.17, �0.08) <.0001 �0.04 (�0.09, 0.01) 0.08 �0.003 (�0.05, 0.05) 0.89

Soluble ST2 �0.08 (�0.12, �0.04) 0.0002 �0.03 (�0.07, 0.02) 0.24 �0.01 (�0.05, 0.04) 0.81

NT-proBNP �0.03 (�0.07, 0.02) 0.22 �0.01 (�0.05, 0.03) 0.67 �0.004 (�0.05, 0.04) 0.88

Galectin-3 �0.01 (�0.05, 0.03) 0.59 �0.03 (�0.07, 0.02) 0.24 0.001 (�0.04, 0.05) 0.96

LA reservoir

strain

High-sensitivity cTnT �0.09 (�0.13, �0.05) <.0001 -0.08 (�0.13, �0.04) 0.0005 �0.08 (�0.12, �0.03) 0.003

Soluble ST2 �0.03 (�0.07, 0.01) 0.19 �0.04 (�0.09, 0.001) 0.06 �0.03 (�0.07, 0.02) 0.23

NT-proBNP �0.18 (�0.23, �0.14) <.0001 �0.15 (�0.19, �0.10) <.0001 �0.18 (�0.22, �0.13) <.0001
Galectin-3 �0.03 (�0.07, 0.02) 0.25 0.01 (�0.03, 0.05) 0.60 0.02 (�0.02, 0.07) 0.32

Pressure, prior stroke, Low-Density Lipoprotein cholesterol, High-Density Lipoprotein cholesterol, triglycerides, smoking status, body mass index, and

estimated glomular filtration rate.

abbreviations: LV = left ventricular; LA = left atrial.

* Betas are standardized. Both outcome and predictor are standardized on a N(0,1) scale for regression models.
yAdjusted for image quality (LV or LA chamber continuous quality score), reader, and CHS echocardiograph site.
zAdded adjustment for age, gender, race (African-American vs other).
xAdded adjustment for demographic variables and diabetes, hypertensive medications, Systolic Blood Pressure, Diastolic Blood.
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biologic processes and which have prognostic value for
heart failure and cardiovascular death, with sensitive meas-
ures of cardiac systolic and diastolic function. Notably,
these associations were present in free living older patients
without overt cardiovascular disease or subclinical abnor-
mality of LV contraction on echocardiography. The find-
ings have mechanistic implications for associations of
pathobiology with sensitive measures of cardiac function
that are clinically relevant.

Limitations of the study include it’s restriction to par-
ticipants ≥ 65 years of age, and may not be applicable
to younger patients. The study is cross-sectional and
Table 4

Association of cardiac biomarkers elevated over prognostic cutpoints with cardiac

Outcome Predictor*

Baseliney

n = 2,073

p-value

LV longitudinal

systolic strain

High-sensitivity cTnT �1.11 (�1.56, �0.65) <.0001
Soluble ST2 �1.10 (�1.58, �0.62) <.0001
NT-proBNP �0.48 (�0.81, �0.14) 0.006

Galectin-3 �0.03 (�0.35, 0.29) 0.84

LV early dia-

stolic strain

rate

High-sensitivity cTnT �0.05 (�0.08, �0.02) 0.003

Soluble ST2 �0.03 (�0.06, 0.01) 0.10

NT-proBNP �0.02 (�0.05, �0.002) 0.048

Galectin-3 �0.01 (�0.03, 0.02) 0.54

LA reservoir

strain

High-sensitivity cTnT �3.61 (�5.68, �1.54) 0.0007

Soluble ST2 �1.56 (�3.74, 0.62) 0.16

NT-proBNP �5.56 (�7.08, �4.05) <.0001
Galectin-3 �1.03 (�2.48, 0.42) 0.16

Pressure, prior stroke, Low-Density Lipoprotein cholesterol, High-Density Lip

estimated Glomular Filtration Rate.

* Predictors are dichotomized at clinical cut points comparing high values ver

proBNP >190 pg/ml, and gal-3 >17.8 ng/ml.
yAdjusted for image quality (LV or LA chamber continuous quality score), read
zAdded adjustment for age, gender, race (African-American vs other)
xAdded adjustment for demographic variables and diabetes, hypertensive medic
measurements of cardiac strain and biomarkers were
obtained at only 1 point in time. Hence, it was not pos-
sible to discern the temporal relation or sequence
between changes in biomarker levels and altered cardiac
strain. This, in combination with selection of relatively
healthy participants without subclinical visually evident
abnormality of LV contraction on echocardiography
may in part account for the relatively low strength of
association of biomarkers with cardiac strain measures.
However, even low strengths of association shown at a
single point of time may have implications for the
effects of prolonged exposures on clinical outcomes.
strain

Beta (95% CI), High vs Low

Demographic

Adjustedz

n = 2,073

p-value Risk-Factor

Adjustedx

n = 2,006

p-value

�0.66 (�1.13, �0.18) 0.007 �0.51 (�1.01, �0.02) 0.041

�0.76 (�1.24, �0.27) 0.002 �0.78 (�1.26, �0.29) 0.002

�0.44 (�0.79, �0.09) 0.013 �0.43 (�0.79, �0.07) 0.020

�0.11 (�0.43, 0.21) 0.48 0.06 (�0.27, 0.39) 0.74

�0.003 (�0.04, 0.03) 0.85 0.01 (�0.02, 0.05) 0.52

�0.001 (�0.04, 0.03) 0.96 0.003 (�0.03, 0.04) 0.89

�0.01 (�0.04, 0.01) 0.36 �0.01 (�0.03, 0.02) 0.63

�0.01 (�0.03, 0.01) 0.45 0.005 (�0.02, 0.03) 0.70

�2.86 (�5.00, �0.71) 0.009 �2.74 (�4.99, �0.49) 0.017

�1.94 (�4.11, 0.23) 0.08 �1.48 (�3.72, 0.77) 0.20

�4.16 (�5.73, �2.59) <.0001 �4.65 (�6.31, �3.00) <.0001
0.04 (�1.41, 1.48) 0.96 0.40 (�1.11, 1.91) 0.61

oprotein cholesterol, triglycerides, smoking status, body mass index, and

sus low. Specifically these are: hscTnT >13 ng/ml, sST2 >35 ng/ml, NT-

er, and CHS echocardiography site.

ations, Systolic Blood Pressure, Diastolic Blood
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It is important to note that the methods used to derive
cardiac strain measures from archived analog videotapes
differ substantially from contemporary clinical and research
methods using direct digital acquisition and imaging proto-
cols designed to optimize strain measurements. Specifi-
cally, the VHS videotape analog to digital conversion of the
apical 4 chamber views used in this study results in a frame
rate of 30 fps, as opposed to 60 fps for direct digital acquisi-
tion of 3 apical views commonly done in clinical and con-
temporary research imaging. The values in this study are
not intended to be used for clinical diagnosis, nor compared
with studies done with different methodology.

Frozen blood samples were thawed and analyzed for the
biomarkers approximately 20 years after blood draw and
freezing. There are no data that can confirm stability of
these substances for 20 years. However, according to the
Arrhenius equation28 which describes the temperature
dependence of chemical reactions, minimal degradation
would occur in samples frozen at �70˚C to �80˚C. Addi-
tionally, these biomarkers have been utilized after decades
of frozen storage in other studies7 and found to be useful in
prediction of clinical outcomes. Moreover, biomarker deg-
radation would make associations with phenotypes and out-
comes less, not more significant. Thus the associations of
these biomarkers with functional measures are if anything
underestimated rather than over-stated.

Although for reasons stated previously we chose to not
adjust the analyses for multiple comparisons, the likelihood
of a type 1 error may have been increased. Nonetheless, the
findings are consistent with linkages between blood
markers of cardiovascular disease processes and LV and
LA cardiac strain measured by echocardiography in partici-
pants without overt clinical disease, and independent of risk
factors.
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