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Proteomics and Protein Markers

Cardiac Troponin | and T Are Associated with Left
Ventricular Function and Structure: Data from the
Akershus Cardiac Examination 1950 Study

Magnus Nakrem Lyngbakken,®® Erika Nerdrum Aagaard,®® Brede Kvisvik,*° Trygve Berge,?©
Mohammad Osman Pervez,>® Jon Brynildsen,®® Arnljot Tveit,”< Kjetil Steine,*° Helge Rasjg,*® and
Torbjern Omland®P*

BACKGROUND:  Concentrations of cardiac troponin I
(cTnl) and T (cTnT) are associated with clinical cardiac
outcomes, but do not correlate closely in subjects
recruited from the general population. Accordingly, we
hypothesized that ¢T'nl and ¢T'nT concentrations would
be influenced by different cardiovascular (CV) and non-
CV risk factors and reflect different CV phenotypes.

METHODS: We measured cTnl and cTnT with last gen-
eration assays in 1236 women and 1157 men with no
known CV disease participating in the prospective ob-
servational Akershus Cardiac Examination 1950 Study.
All study participants underwent extensive CV pheno-
typing at baseline, including detailed echocardiography.

RESULTS: Concentrations of c¢T'nl were measurable in
60.3% and cTnT in 72.5% of study participants
(P<0.001), and correlated moderately (r=0.53;
P<0.001). c¢T'nl was more strongly associated with
male sex (P=0.018), higher education (< 0.001), his-
tory of hypertension (< 0.001), and age (2< 0.001),
whereas ¢cT'nT was more strongly associated with eGFR
(P=0.015). Both ¢Tnl and ¢TnT were inversely associ-
ated with global longitudinal strain and positively associ-
ated with LV mass index (LVMI) in analyses adjusted
for CV risk factors. The association between cTnl and
LVMI was stronger than the association between ¢TnT
and LVMI (P=0.035). Concentrations of cT'nl im-
proved diagnostic accuracy for LV hypertrophy when
added to established CV risk factors, but concentrations
of ¢cT'nT did not improve these models further.

CONCLUSIONS: In a large community-based cohort ex-
amined with extensive echocardiography, concentrations
of ¢cT'nl and ¢TnT are associated with subclinical LV hy-
pertrophy and dysfunction. Concentrations of ¢Tnl ap-
pear superior to ¢InT in predicting subclinical LV
hypertrophy.

Introduction

Troponins are part of the contractile apparatus found in
striated muscle, and cardiac troponin (cTn) I (cTnl)
and T (cTnT) are specific for the myocardium. In con-
temporary cardiology, measurement of ¢Tn is an inte-
gral part of diagnosing acute coronary syndromes.
Increasingly sensitive ¢T'n assays have enabled quantifi-
cation of small concentrations of cTn in the general
population. Several large community-based investiga-
tions have documented associations of such concen-
trations with common cardiovascular (CV) risk factors
(1—4), and with the risk of myocardial infarction, heart
failure, ischemic stroke, and CV death (4—6). Left ven-
tricular (LV) structure and function are routinely quan-
tified by echocardiography, with estimation of
echocardiographic indices such as LV ejection fraction
(LVEF) and LV mass [indexed to body surface area; LV
mass index (LVMI)]. Global longitudinal strain (GLS)
is a novel and sensitive index that seems to be superior
to LVEF in assessing subtle alterations in LV systolic
function (7). Similar to ¢I'n, GLS predicts CV
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morbidity and death, both in patients with established
CV disease (8) and in subjects recruited from the gen-
eral population (9). In the general population, increas-
ing concentrations of ¢T'n are associated with declining
LVEF as assessed by cardiac magnetic resonance imag-
ing (10) and echocardiography (71, 12).

In the clinical setting, cTnl and ¢TnT are inter-
changeable in the diagnostic work-up of acute coronary
syndromes. Evidence is however amassing for significant
biological differences between these two ¢Tn isoforms.
Concentrations of cI'nT exhibit circadian variation, in
contrast to more stable concentrations of ¢Tnl through-
out day and night (713), and concentrations of ¢InT
and cT'nl are only modestly correlated (74). This lack of
association may be due to differential processing of
cTnT and cTnl once released, as well as differential rec-
ognition of native and processed cTn forms by the dif-
ferent assay methods. In community dwellers, ¢Tnl
appears more strongly associated with CV events and
cTnT with noncardiovascular mortality (75), but con-
centrations of both ¢Tnl and ¢Tnl may provide inde-
pendent prognostic information (76).

Accordingly, using a large cohort recruited from
the general population examined with state-of-the-art
echocardiography, we hypothesized that (7) cTnl and
cTnT are differentially associated with CV risk factors,
LV structure and function, and that (2) cT'nl and ¢TnT
would provide complementary diagnostic information
to established CV risk factors in determining subclinical
LV hypertrophy and dysfunction.

Methods

STUDY OVERVIEW

The Akershus Cardiac Examination (ACE) 1950 Study
is a prospective, community-based cohort of individuals
born in 1950 residing in Akershus County, Norway.
The study aims to investigate the development and pro-
gression of CV and cerebrovascular disease in an age co-
hort of middle-aged subjects. The study was conducted
at the two hospitals of Akershus County, Norway:
Akershus University Hospital and Barum Hospital/
Vestre Viken Hospital Trust. Of 5827 eligible study
subjects, 3706 (63.6%) were included and the baseline
examination was conducted from September 2012 to
April 2015. A more detailed study design has been
reported previously (17). The study complies with the
Declaration of Helsinki and is approved by the Regional
Committee for Medical Research Ethics. All participants
provided informed written consent before study
commencement.

PARTICIPANTS
Medical history, current medication, and socioeconomic
data, including alcohol and tobacco consumption, were
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obtained at baseline and are based on self-report.
Coronary artery disease (CAD) was defined as self-
reported history of myocardial infarction, coronary
artery bypass grafting, or percutaneous coronary inter-
vention. Diabetes mellitus was defined as one or more
of the following: (1) self-reported diabetes, (2) use of
antidiabetic medication, or (3) the combined presence
of increased concentrations of HbAlc (>6.5%) and
fasting blood glucose (>126 mg/dL [>7.0 mmol/L]) on
baseline examination. Hypertension was defined as daily
use of antihypertensive medication or baseline systolic
blood pressure of >140 mmHg or diastolic blood pres-
sure measurement of >90 mmHg. Chronic obstructive
pulmonary disease was defined as baseline post broncho-
dilator spirometry FEV1/FVC ratio below the age-
dependent lower limit of normal, or by self-report when
spirometry data were missing (z = 4). Higher education
was defined as education at the level of college, univer-
sity, or equivalent. Participants with known CAD at
baseline (7=263) were excluded from the analyses, as
well as participants with echocardiographic recordings
not appropriate for GLS analyses (n=1047) or with
missing biomarker data (= 3).

ECHOCARDIOGRAPHY

Transthoracic echocardiography was performed by two
echocardiography technicians and four trained fellows
using GE Vivid E9 (GE Healthcare) with the M5S
probe according to a predefined protocol as recently
reported (18). The following views were recorded (four
cardiac cycles were recorded during breath hold at end
expiration): parasternal long- and short-axis, and apical
four-chamber, two-chamber and long-axis. Acquisition
was made for standard two-dimensional images as well
as M-mode, tissue velocity imaging, pulsed and continu-
ous Doppler, and the images were analyzed with
EchoPAC 201 (GE Healthcare). GLS by speckle track-
ing echocardiography was analyzed semi-automatically
by tracing the mid-line myocardium in the three apical
views using a 17-segment LV model. Region of interest
was adjusted to fit the myocardial thickness. A segment
was excluded if it failed to track properly. The whole
analysis was excluded if more than one segment per im-
age view, or more than two segments in total, failed to
track properly. As previously recommended, we used ab-
solute values of GLS in all analyses (i.e., an increase in
absolute values of GLS equaling improving LV func-
tion, comparable to LVEF) (19). LVEF was determined
using the modified Simpson’s biplane method. LV mass
was calculated from M-mode measurements and
indexed (LVMI) using body surface area by the
Mosteller formula (20). Intra- and interobserver vari-
ability testing were performed by two observers (E.N.A.
and B.K.) in 15 randomly selected patients for GLS
(Supplemental Table 1).
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BLOOD SAMPLING PROCEDURES AND BIOCHEMICAL ASSAYS
At study baseline, venous blood was sampled in serum,
citrate plasma, lithium heparin plasma and ethylenedi-
aminetetraacetic acid (EDTA) plasma collection tubes,
centrifuged at room temperature, and frozen in a re-
search biobank at —80°C. Routine hospital laboratory
clinical chemistry was used for immediate analyses of
hemoglobin, white blood count, HbAlc (all from
EDTA whole blood), C-reactive protein (CRP), glucose,
cholesterol (total, HDL), triglycerides, and creatinine
(all from serum). In the laboratory reports, the limit of
detection for CRP varied during the time period of the
study baseline examination (<3 mg/L, 2.9 mg/L, and
<1 mg/L), any concentration below this limit was desig-
nated a value equal to half of the detection limit (i.e.,
1.5 mg/L, 1.45 mg/L, and 0.5 mg/L). Estimated glomer-
ular filtration rate (eGFR) was calculated with the
Chronic Kidney Disease Epidemiology Collaboration
equation. cT'nl was measured in January 2017 with the
ARCHITECT STAT High Sensitive Troponin-I assay
(Abbott Diagnostics). Limit of detection (LoD) for this
assay is reported to be 1.2 ng/L (21) and concentrations
below 1.2 ng/L were assigned a value of 0.6 ng/L. cTnT
was measured from September 2017 through March
2018 with the troponin T hs STAT assay (Roche
Diagnostics). LoD for this assay is reported to be 3 ng/L
(22) and concentrations below 3 ng/L were assigned a
value of 1.5 ng/L. Concentrations of cTn at or above
LoD were defined as measurable. Both biomarkers were
measured in thawed serum samples, and coefficient of
variation derived from manufacturer control material are
outlined in Supplemental Table 2.

STATISTICAL METHODS

We report baseline data as absolute numbers (propor-
tion) or median (interquartile range) unless otherwise
stated. Continuous variables were analyzed with the
Mann-Whitney U test, and categorical variables were
analyzed with the Fisher exact test. Continuous concen-
trations of ¢I'nl and ¢TnT were transformed by the nat-
ural logarithm prior to use in regression analyses due to
right skewed distribution and to diminish the impact of
outliers. We also categorized concentrations of ¢In
according to the upper sex specific quartiles of cTnl
(>1.8ng/L for women and >3.5ng/L for men) and
cTnT (>6.0 ng/L for women and >10.0 ng/L for men).
From these groups we designated subjects to groups
with concordant low concentrations (both c¢Tnl and
cTI'nT below the upper sex specific quartiles), discordant
high concentrations (either ¢T'nl or cTnT in the upper
sex specific quartile), and concordant high concentra-
tions (both ¢Tnl and ¢T'nT in the upper sex specific
quartiles) of cTn. Correlations were assessed by
Spearman rank correlation coefficients. Linear regression
analyses were used to assess determinants of continuous

cTn concentrations. Associations between echocardio-
graphic variables and ¢Tn concentrations were assessed
both by linear and logistic regression. As previously sug-
gested (23), the logistic regression models were con-
structed on the lower sex specific deciles of GLS
(<17.6% for women, <16.8% for men), and LVEF
(<50% for women, <48.5% for men), and the upper
sex specific decile of LVMI (>90.5 g/m* for women,
>102.8 g/m2 for men) from values derived from the
study cohort, the latter constituting the presence of LV
hypertrophy. All regression models were adjusted for
sex, age, study site, and a priori selected variables
influencing CV risk (body mass index [BMI], eGFR, to-
tal and HDL cholesterol, CRP, education, hyperten-
sion, diabetes mellitus, smoking status, and alcohol
consumption). Adjustment was also made for current
statin therapy, as statin therapy has been found associ-
ated with attenuated cT'n concentrations (24). The
incremental value of biomarker concentrations to estab-
lished CV risk factors was assessed by c-statistics derived
from the logistic regression models, as well as by the net
reclassification index (NRI) and integrated discrimina-
tion improvement (IDI) calculated by the R package
“PredictABEL” (25). The analyses were performed with
IBM SPSS Statistics for Windows, version 25 (IBM
Corp), STATA 15 (StataCorp LP), MedCalc for
Windows, version 18.2.1 (MedCalc Software), and R
3.4.3 (R Foundation for Statistical Computing).

Results

BASELINE CHARACTERISTICS
Of the 3706 subjects from the ACE 1950 Study base-
line examination, 1236 women and 1157 men were in-
cluded in the following analyses (Fig. 1). Characteristics
of subjects excluded due to history of CAD (n=263
[7.1%]), or missing data for GLS (n=1047 [28.3%)])
or biomarker concentrations (n =3 [0.1%]) are summa-
rized in Supplemental Table 3. Briefly, excluded sub-
jects were more frequently male with prevalent
hypertension, obesity, and diabetes mellitus, and more
frequently on cardioprotective and antidiabetic drug
therapy. They additionally exhibited increased concen-
trations of ¢Tnl and cTnT, and lower GLS and LVEF
and higher LVMIL

Concentrations of cT'nl were measurable in 60.3%
and ¢TnT in 72.5% of study participants (2 < 0.001),
and were modestly correlated (r=0.53; P<0.001).
Concentrations of c¢T'nl were more strongly associated
with male sex (P=0.018 vs. cIT'nT), age (»< 0.001 vs.
cTnT), higher education (< 0.001 vs. cT'nT), and his-
tory of hypertension (< 0.001 vs. ¢cI'nT). cTnT was
more strongly and inversely associated with eGFR
(P=0.015 vs. cTnl). Both cTnl and cTnT were simi-
larly associated with BMI (P for comparison=0.09)
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5827 Subjects invited to
participate

3706 Subjects accepted to
participate

v

2121 Subjects refused to participate or
non-responders

2393 Subjects included in

v

263 Subjects with known CAD
1047 Subjects lacking GLS analyses
3 Subjects lacking biomarker analyses

analyses
y v A
2393 Subjects 2381 Subjects 2369 Subjects
with GLS with LVEF with LV mass

Fig. 1. Flow chart of participation in the study.

and HDL cholesterol (P for comparison=0.15;
Supplemental Table 4).

Study participants exhibiting concordant high con-
centrations of ¢T'n, defined as being in the upper sex-
specific quartiles of both ¢T'nl and ¢T'nT, were more
frequently on cardioprotective drug therapy, had higher
BMI and blood pressure, more prevalent hypertension
and diabetes mellitus, and more frequently had higher
education. They were less frequently current smokers
and had lower eGFR. GLS was lower and LVMI higher
in subjects with increased concentrations of both ¢T'nl
and cTnT, while no difference in LVEF was observed
between groups (Table 1).

ASSOCIATIONS BETWEEN CARDIAC TROPONIN AND LEFT
VENTRICULAR ECHOCARDIOGRAPHIC INDICES

Both ¢Tnl and ¢TnT were positively correlated with
LVMI, and negatively correlated with GLS and LVEF
(Supplemental Table 5). The strongest correlations were
those with LVMI (cTnl »=0.28; P<0.001, cITnT
r=0.20; P<0.001). In analyses using echocardio-
graphic measures as continuous outcomes, continuous
concentrations of ¢Tnl (B -0.17, 95% confidence inter-
val [CI] -0.27 to -0.07) and cTnT (B -0.12, 95% CI
-0.23 to -0.01) were similarly associated with GLS
(P for comparison =0.30). When adjusting for both
cTnl and cTnT, the association of cI'nT (B -0.04, 95%
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CI -0.16 to 0.09) with GLS was attenuated but
remained significant for cTnl (B -0.16, 95% CI -0.27
to -0.04). No adjusted associations were present in anal-
yses with LVEF. As for the correlation analyses, the
strongest adjusted associations were those with LVMI.
Both ¢Tnl (B 3.12, 95% CI 2.44 to 3.81) and c¢TnT
(B 1.98, 95% CI 1.21 to 2.75) were independently as-
sociated with continuous levels of LVMI, but stronger
for ¢I'nl (P for comparison=0.035). Both cTnl
(B 2.74, 95% CI 1.98 to 3.49) and cT'nT (B 1.02, 95%
CI 0.19 to 1.85) remained significant predictors of
LVMI in analyses adjusting for both biomarkers. In
models according to the lower sex-specific deciles of GLS
and LVEF and the upper sex-specific decile of LVMI,
we found comparable adjusted associations of ¢Tnl
(odds ratio [OR] 1.50, 95% CI 1.32 to 1.71) and cTnT
(OR 1.45, 95% CI 1.24 to 1.70) with LV hypertrophy
(P for comparison =0.63). Both cTnl (OR 1.39, 95%
CI 1.20 to 1.61) and ¢TnT (OR 1.22, 95% CI 1.02 to
1.46) remained significant predictors of LV hypertrophy
in analyses adjusting for both biomarkers (Table 2).
Statistical models were also constructed according
to concordant and discordant high concentrations of
cTn. Using study subjects with concordant low concen-
trations of cTn as reference, subjects with concordant
high concentrations of ¢T'n exhibited the highest levels
of LVMI, and subjects with high concentrations of

120z Aenuer gz uo 1senb Aq £25208S/L9G/4/99/3I0IE/WAYOUIO/LO0D"dNO"OILSPEDE//:SARY WO.) PEPEOIUMOQ


/article-lookup/doi/10.1093/clinchem/hvaa023#supplementary-data
/article-lookup/doi/10.1093/clinchem/hvaa023#supplementary-data

Cardiac Troponins and Echocardiography

Table 1. Baseline characteristics according to sex-specific concentrations of cardiac troponin | and cardiac troponin T.

Discordant high
concentrations
(cTnl or cTnT high)

Concordant high
concentrations
(cTnl and cTnT high)

Concordant low
concentrations
(cTnl and cTnT low)

P < 0.05.
°P<0.01.
P < 0.001 compared to subjects with low cTnl and low cTnT.

High concentrations of cTn equaling sex-specific fourth quartile, low concentrations equaling sex-specific first to third quartile.

Variable n Value n Value n Value
Male sex, n (%) 1810 872 (48.2) 303  151(49.8) 280 134 (47.9)
Age, years 1810 64.0 (63.5t0 64.5) 303 63.8(63.41t064.5) 280 63.8(63.4t0 64.5)
Higher education, n (%) 1803 835 (46.3) 303 144 (47.5) 279 153 (54.8)°
Current smoker, n (%) 1802 273(15.1) 302 29 (9.6)° 277 22(7.9)°
Alcohol consumption, units/2 weeks 1810 6 (210 10) 303 6(2t012) 280 5(2to 10)
Study site Akershus University Hospital, n (%) 1810 1294 (71.5) 303 191(63.9)° 280 176(62.9)°
Clinical measurements
Body mass index, kg/m2 1810 25.9(23.6t028.3) 303 26.8(242t029.7)° 280 26.7(24.21029.6)°
Ventricular frequency, beats/min 1810 2 (56 to 68) 303 59 (54 to 67)° 279 0 (53 to 67)°
Systolic blood pressure, mmHg 1810 136 (124 to 147) 303 139 (127 to 154)° 280 142 (128 to 154)°
Diastolic blood pressure, mmHg 1810 6 (70 to 83) 303 77 (71 to 84) 280 8 (72 to 85)°
History of
Hypertension, n (%) 1810 982 (54.3) 303 196 (64.7)° 280 199(71.1)°
Chronic obstructive pulmonary disease, n (%) 1799 127 (7.1) 297 24(8.1) 277 22(7.9)
Diabetes mellitus, n (%) 1809 104 (5.7) 303 17 (5.6) 280 26(9.3)°
Medication
Antihypertensives, n (%) 1810 9(0.5) 303 1(0.3) 280 3(1.1)
Diuretics, n (%) 1810 30(1.7) 303 1(3.6)° 280 13 (4.6)b
B blockers, n (%) 1810 125(6.9) 303 8(12.5)° 280 1(11.1)°
Calcium antagonists, n (%) 1810 101 (5.6) 303 2(7.3) 280 6(9.3)?
ACE-I/ARB, n (%) 1810 370(20.4) 303 8(25.7)° 280 9 (35.4)°
Statins, n (%) 1810 351(19.4) 303 2(23.8) 280 8(24.3)
Antidiabetics, n (%) 1810 63(3.5) 303 11(3.6) 280 3(4.6)
Laboratory measurements
Cardiac troponin |, ng/L 1810 .6 (0.6 to 1.8) 303 2.9(2.0to 4.6)° 280 5.0(3.6t0 9.2)
Cardiac troponin T, ng/L 1810 0(4.0t0 7.0) 303 8.0 (6.0to 10.0)° 280 11.0(8.0to 14.0)°
Hemoglobin, g/dL 1807 14.2(13.5t014.9) 303 14.3(13.5t015.0) 279 14.3(13.5t0 15.0)
White blood count, 10%/L 1808 4(45t0 6.4) 303 5.4 (4.6 to0 6.3) 280 5.3(4.5t0 6.4)
CRP, mg/L 1803 .5(1.5t0 1.5) 302 1.5(1.5t0 1.5) 280 1.5(1.5t0 1.5)
Glucose, mg/dL® 1807 95(88to0 103) 301 94 (88t0 101) 280 95 (88 to 105)
HbA1c, % 1802 .6(5.41t05.9) 302 5.7 (5.4t05.9) 277 5.7 (5.4 t0 6.0)
Total cholesterol, mg/de 1809 212 (185 to 239) 302 212(185to 236) 280 212(185to 239)
HDL cholesterol, mg/de 1808 58 (46 to 73) 302 8 (46 to 73) 280 8 (46 to 73)
Triglycerides, mg/dL® 1809 7(71to 142) 302 7(71to 133) 280 7 (80 to 142)
eGFR, mL/min/1.73 m? 1802 85.5(76.1t092.5) 302 83.6(74.5t091.8) 279 80.3(70.1to 90.9)°
Echocardiographic measurements
Global longitudinal strain, % 1810 20.4(18.7t021.8) 303 20.0(185t021.7) 280 19.8(18.2t021.9)°
Left ventricular ejection fraction, % 1800 55.9(52.3t059.4) 302 55.6(52.3t059.3) 279 55.7(52.4t0 59.0)
Left ventricular mass index, g/m2 1795 72.4(62.6t083.8) 300 75.7(65.8t086.4)° 274 78.5(67.4t0 93.4)°

%To convert glucose concentrations from mg/dL to mmol/L, multiply by 0.05556. To convert triglyceride concentrations from mg/dL to mmol/L, multiply by 0.01129. To convert
cholesterol concentrations from mg/dL to mmol/L, multiply by 0.02586.
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either biomarker exhibited in-between levels of LVMI
(Fig. 2; Table 3). We observed no significant associa-
tions with GLS or LVEF in these models.

DISCRIMINATION AND RECLASSIFICATION

We constructed discrimination and reclassification mod-
els identifying subjects with decreased GLS and LVEEF,
and increased LVMI (i.e., LV hypertrophy), using both
continuous cI'n concentrations and dichotomized
according to sex-specific quartiles of ¢Tn (subjects with
both ¢Tnl and ¢TnT in the upper sex-specific quartile
vs. the rest). Overall, significant improvements in dis-
crimination and reclassification for LV hypertrophy
were observed when cTnl and cT'nT were added to
established CV risk factors. The improvements were
however superior in the models constructed on concen-
trations of cT'nl. We observed no further improvements
in model prediction when ¢T'nT was added to models
constructed on established CV risk factors and cTnl.
Prediction models using continuous concentrations of
cTnl outperformed prediction models using ¢Tn di-
chotomized according to concordant high concentra-
tions. No significant improvements were demonstrated
in any models for GLS or LVEF, apart from minor
improvements in IDI for ¢Tnl predicting GLS
(Table 4).

Discussion

In a large community-based study with quantification of
cTnl and cTnT, we demonstrate that both ¢T'nl and
cTnT are independently associated with LVMI and that
subjects with concomitant high ¢T'nl and ¢TnT concen-
tration exhibit the highest levels of LVMI. When added
to conventional CV risk factors, ¢T'nl provides robust
improvements in discrimination and reclassification
models for LV hypertrophy. The addition of ¢TnT did
however not improve model prediction further.

In patients with acute myocardial infarction, con-
centrations of ¢T'nl and ¢T'nT are highly correlated (26,
27) and are interchangeable in diagnosing significant
myocardial necrosis. Conversely, in the chronic setting,
concentrations of cTnl and ¢T'nT are only moderately
correlated (»=0.5 = 0.1) (15, 16, 28), which is in ac-
cordance with observations made in the current investi-
gation. Additionally, common CV risk factors
differentially influenced continuous concentrations of
cTnl and cTnT. Male sex and history of hypertension,
two of the strongest risk factors for incident CV disease,
were more strongly associated with concentrations of
cTnl. Similar associations were recently demonstrated
in the Scotland Scottish Family Health Study, where
both systolic blood pressure and use of antihypertensives
were more strongly associated with concentrations of

¢Tnl (14).
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Fig. 2. Levels of global longitudinal strain, left ventricular
ejection fraction, and left ventricular mass index in subjects
with concordant low concentrations of cardiac troponin, dis-
cordant high concentrations of cardiac troponin, and concor-
dant high concentrations of cardiac troponin (adjusted for
sex, age, study site, BMI, eGFR, total and HDL cholesterol,
CRP, higher education, statin therapy, hypertension, diabe-
tes mellitus, current smoking, and alcohol consumption).

With regard to ¢TnT, renal function was more
strongly associated with concentrations of ¢TnT. This is
in accordance with previous literature, and mechanisms
for this discrepancy with concentrations of cTnl remain
unresolved. Several mechanisms have been proposed,

Clinical Chemistry 66:4 (2020) 573

120z Aenuer gz uo 1senb Aq £25208S/L9G/4/99/3I0IE/WAYOUIO/LO0D"dNO"OILSPEDE//:SARY WO.) PEPEOIUMOQ



Downloaded from https://academic.oup.com/clinchem/article/66/4/567/5802523 by guest on 28 January 2021

‘uopdwnsuod [oyod[e pue ‘Bupjows Juaund ‘snyijjow sajagelp ‘uoisuauadAy ‘Adesayy uneys ‘uoneanpa aybiy ‘dy) ‘|0181s8|0Yd JQH Pue [e30} "Y409 ‘ING 'Z [9pow 1oj paisnipe ‘¢ [apoj “aus Apnis pue ‘abie 'xas 1o

pajsnipe 'z [3poj “paisnipeun ‘| [3pojy “ajienb piiyy o} sy dyads-xas Buljenba suonexusauod moj ‘ajiienb yunoy aynads-xes Buienba uja jo suonenuad0d YBIH AT Jo 8|1dap dyyadsxas saddn ‘43AT pue §19 jo 8|nap dyads-xes JamO1,

(GL'G018Y'7) LG'E
(GLzoreT L) v8'L
ERIVEIETEN]
(vl ©185°0) 260
(€671 0359°0)00°L
ERIVEETEN]
(LzrroresolzL
(181 01180) LT L
ERIVEIETEN]

(0€°0L 2 129) 928
(€6°G0199°1) 65°€
ERIVEYEIEN|
(9€°00386°0-) LEO—
(£E°00316°07) L20—
CRIEIETEN|
(10°0 0% 65°0-) 620~
(60°0©387°0-) 61°0—
ERIEIEIEN|

€ [oPON

28V 01 LY D) LY'E
(99201 L)08'L
EIVEIEIEN
(61 03G9°0) LO'L
(091 030£°0)S0°L
ERIVEIETEN]
(00Z0106°0)GE'L
(00Z03€6°0)9€°L
CREIETEN
(1D %S56) oxed sppO
qSHoIND dYyoads-xag
(6901 ©199'9)89°8
(909018L2)CLY
ERIVEIETEN]
(0€°00310°L-) SE0—
(L¥'0 03 58°0-) 22’0~
CREIEIEN,
(EL°0- 93 €L°07) EV'0—
(10°00%£507) 820~
ERIVEIETEN|
(1D %S6) g

eSNONUNRUOD

Z 19pon

(627 01812)90°€
(L7zorLL'L)v9L
wucw\_wupmw_
(L7'L ©1€9°0) 960
(871 ©199°0) 660
wucm‘_wwwm_
(7671 0188°0) LE'L
(€671 0106°0) 2E'L
wucmgwupww_

(710l 01 ¥8'S) 66'L
(65°G019¥°L) €G°E
ERIVEIETEN|
(LZ0©160'L7) LY 0—
(9€°003G6'0-) 0£°0—
ERVEIETEN|
(60°0-03 L£07) OV 0—
(€00 ©195°0-) LT0—
ERIVEIETEN|

L I9POIN

‘sanjen d1ydesBoipiedoya snonunuod,

ybiy Luio pue jujd
ybiy Jugs o juyd
MO| JU]D pue |u]lD
yb1y Ju]s pue jupd
ybiy Lugodojuo
MO| JU|D pue |u|D
yby Ju1o pue jupd
ybiy Lugodojuo
MO| JU|D pue |uld

yby Ju]s pue jupd
ybiy fugoJojuo
MO| JU|D pue |u|D
ybiy Luld pue jugd
ybiy Lugodojuo
MO| JU|D pue |uld
ybiy Luld pue jujd
ybiy ugd o juyd

MO| [U|D pUE |u]D

(69£Z=U) XapUl SSEW JBNDLIJUSA 137

(L8£z=u) uonoely uondsle Je|NdLUSA Yo

(€6£z=U) utens [euipnybuoj [eqo|

(69£Z=U) Xapul SSeW Je|NJLUSA Yo

(18£z=u) uonoely uonodale JejndLIusA Yo

(€6£z=U) utens [euipnibuo [eqo|

*UOIPUNY PUB 3ININIIS JR[NILIUDA Y| JO SIIIPUI PUR SUOIRAUSIU0) UIU0do1} JeIPIL) JUBPIOISIP PUE JUBPIOIUO) UIIMII] SUOIIRIIOSSY *E d[qeL

574 Clinical Chemistry 66:4 (2020)



Cardiac Troponins and Echocardiography

Downloaded from https://academic.oup.com/clinchem/article/66/4/567/5802523 by guest on 28 January 2021

(e100°0>d 16200 ©3 £600°0) ¥£10°0
(491°0=d ‘02000 ©* £000°0-) 60000
(eG00°0=d ‘8600°0 ©% £100°0) LS00°0
(e100°0>d ‘92200 ©3 6800°0) 851.0°0
(c100°0>d ‘€GE°0 ©* ¥Z1°0) 8€Z'0
(4L €0=d 'S0Z°0 ©+590°0-) 0400
(.£00°0=d ‘0¥€°0 ©3 690°0) ¥0Z'0
(e100°0>d '955°0 03 £8Z°0) ZZY 0
(eC00°0=d ‘£89°0 ©3 69°0) 899°0
(4S7'0=d ‘7690 03 559°0) G£9°0
(e¥0'0=d '¥99°0 ©3 529°0) G¥9°0
(2100°0>d ‘26970 03 £59°0) ££9°0
(9%79°0 03 909°0) 9290

INAT

151 SA a|1enb dynads-xes Jaddn ayy ul Jupd pue jupd ylog yum spalgns,
“|upd -+ [apow 10}3e) sk 0} paiedwio)

“(uondwinsuod joyod[e pue ‘Burjows JusLInd ‘snyijjaw salagelp ‘uoisuapadAy ‘uoneanpa Jaybiy ‘dy? ‘|o1a1sajoyd TAH pue [e10} ‘Y492 ‘NG ‘abe 'xas) [apow o1y ysii 0} pasedwio),

(el §0=d ‘£000°0 ©% ¥000°0-) 2000°0
(q¥7¥7'0=d 90000 ©* £000°0-) 2000°0
(.€£€°0=d ‘01000 ©} ¥000"0-) £000°0
(e19°0=d ‘80000 ©% S000°0-) 2000°0

(1D %SG6) Wswaroidw) uoneuiwasiq paiesbayu)

(.0S5'0=d ‘0€1°0 ©* #90°0-) £€0°0
(4G£°0=d ‘951°0 03 2L 1°0-) 2200
(eS8'0=d ‘21’0 ©38¥71°0-) €L0°0—
(e£7°0=d ‘080°0 ©3 £81°07) €500~
(1D %S6) xapu| uonesyissejdey 18N
(eS£'0=d ‘81 £°0 03+ 089°0) 669°0
(486'0=d ‘61£003289°0) LOL 0
(e9€°0=d '02£°0 ©3Z89°0) LOL'0
(e6€°0=d ‘61£°0©3+289°0) LOLO
(81£°0031890) 00£0
(1D %56) s2nstie1s-O
43A1

(el¥7’0=d ‘21000 ©3 S000°0) #0000

(4£6'0=d ‘8000°0 ©3 8000°0-) 0

(eG2°0=d *£200°0 ©¥ £L000°0-) 01000
(e520°0=d ‘8700°0 ©3 £000°0) 92000

.05'0=d ‘Z¥71°0 0% 690°0-) LEO'O

GE'0=d ‘¢0C°0 ©} L.£0°0") 5900

>Lu1d puejuld ybiy + sio1ey sty
LU+ |u]D + s1010B) sy

1U]2 + si010e) ysiy

|U]2 + si010ey ysiy

,1Ul2 pue [u]2 yBiy + sio1oey dsiy
1U1D + [U]D + S1010By YSiY
1U]D + s10308) 3siy

( )
fwm.oﬂ& /10 0}/£60°0°) 8€0°0
Am V
(€1°0=d ‘€¥2°0 21 0€0'0-) LOL'0 |U]D + S1010B} Sy

,1ul2 pue [u]2 yBiy + s1o010ey sty
1U]2 + [u]D + SI0308) 3iSIy

eCL'0=d '289°0 ©} £¥9°0) £99°0
q82°0=d 'S89°0 03 919°0) 999°0
72’ 0=d '989°0 03 8¥9°0) L99°0
el 6°0=d ‘€89°0 O} ¥¥9°0) ¥99°0
(289°0 03 ¥¥9°0) €99°0

(
(
( LU + si010e) 3siy
( |U]2 + s1010B) ySiy

s10108) sy

S19 1SPoN

‘IINAT Pue ‘4377 ‘s19 uo sutuodoy Jeipied jo axuewnopad dnsoubelq p ajqel

575

Clinical Chemistry 66:4 (2020)



including differences in protein binding of circulating
free ¢Tn and differences in assay specificity. cIT'nl may
additionally be more susceptible to chemical modifica-
tions that may alter protein concentrations (29). Even
though subjects with established CAD were excluded
from the current investigation, we cannot rule out the
possibility that small increases in ¢Tn may partly be
explained by subclinical coronary artery disease (30).

LV mass is strongly associated with incident cardio-
vascular disease (31), and attenuation of LV hypertro-
phy is paralleled by reductions in CV risk (32, 33). In
patients with hypertrophic cardiomyopathy (34) and se-
vere aortic stenosis (35), LV mass increases with increas-
ing concentrations of cTnT. Similar associations have
been demonstrated in the general population (70).
Concentrations of cI'nl have likewise been associated
with LV mass, both in the general population (72) and
in patients with hypertrophic cardiomyopathy (36). In
the current study, we demonstrate strong associations of
concentrations of ¢I'nl and ¢I'nT with LVMI, associa-
tions previously demonstrated for LV hypertrophy
(10, 37). We eclaborate on these previous findings by
demonstrating significant improvements in diagnostic
models for assessing LV hypertrophy. Interestingly, the
associations with LVMI were stronger for cTnl, and
cTnT provided no additional information to established
CV risk factors and cTnl in predicting LV hypertrophy.
Male sex and hypertension are strong predictors of LV
hypertrophy, and both were more strongly associated
with concentrations of cT'nl. These associations may in-
deed explain the superior association of cTnl with sub-
clinical LV hypertrophy in our study.

cTn is a reliable indicator of myocardial injury and
is associated with CV risk, both in presumably healthy
community dwellers and in patients with established
CV disease. Analogously to the prognostic information
conveyed by ¢Tn, GLS by echocardiography is one of
the most sensitive investigations of LV systolic function
(8). Evidence is growing for the use of these tools in pre-
dicting unfavorable outcomes such as heart failure, acute
myocardial infarction, and CV death (9, 38, 39). To
our knowledge, our study is the first to document signif-
icant associations between ¢Tn and this highly sensitive
index of LV systolic function.

We evaluated two important estimates of LV func-
tion in the current study, GLS and LVEF. In subjects
recruited from the general population, concentrations of
cTn are inversely associated with LVEF (10, 11), and
subjects with lower LVEF are more likely to have in-
creasing concentrations of cTnl over time (12). We
demonstrate inverse associations of both c¢Tnl and
cITnT with GLS, but no associations with LVEF. The
reasons for this inconsistency may be several. LVEF is a
crude measure of LV function among others suffering
from poor reproducibility and inter-observer variability

576 Clinical Chemistry 66:4 (2020)

(8). An increase in cT'n is, on the other hand, a very sen-
sitive index of subclinical myocardial injury preceding
overt clinical disease such as heart failure by years. This
discrepancy in sensitivity may very well explain the lack
of any significant relationship between these two analy-
ses. The significant association between ¢T'nl and cTnT
and GLS supports the sentiment that comparable sensi-
tivity is a crucial trait when assessing relationships be-
tween different indices of subclinical CV disease.

In primary prevention, overall CV risk is com-
monly estimated by a combination of established CV
risk factors such as age, sex, blood pressure, blood cho-
lesterol, and smoking status. Several risk-enhancing fac-
tors such as diabetes mellitus, chronic kidney disease,
and autoimmune disorders may additionally augment
CV risk (40). In the current study, we demonstrate
strong diagnostic properties of ¢T'n, especially in pre-
dicting subclinical LV hypertrophy, independently of
established CV risk factors. Considering the consistent
association of c¢I'n with CV risk (4, 5), increased con-
centrations of c¢Tn within the normal range should be
considered as well a risk-enhancing factor, possibly trig-
gering early risk factor intervention and control. More
specifically, this pertains to interventions aimed at re-
ducing key modifiable CV risk factors (i.e., hyperten-
sion, diabetes mellitus/obesity, tobacco smoking, and
blood cholesterol), all associated with the development
of LV hypertrophy and ultimately overt CV disease.
One of the strongest risk factors for the development of
LV hypertrophy is indeed hypertension. In patients
with hypertension, the presence of comorbidities like di-
abetes mellitus and chronic kidney disease may justify a
more aggressive blood pressure target. Similar reasoning
should be applied to hypertensive patients exhibiting
low-grade increases in ¢I'n within the normal range.
Further supporting the sentiment of risk-enhancement
by cTn, serial measurement of cIT'n may provide infor-
mation on the effect of medical therapy aimed at reduc-
ing CV risk (24), analogously to measurements of blood
pressure, blood cholesterol, and HbAlc in contempo-
rary clinical practice.

Several strengths and limitations of the current
study merit mentioning. A major strength of the study
is concomitant analyses of both cTnl and cTnT, allow-
ing comparative analyses of the most frequently used
contemporary cI'n assays. Additionally, we performed
an extensive and highly sensitive echocardiographic eval-
uation of LV function and structure. We have used data
from a large community-based cohort with broad phe-
notypical characterization, as well as thorough registra-
tion of socioeconomic status and medical history. The
data are, however, based on self-report and run the inev-
itable risk of response bias. Non-response bias must also
be taken into account, as we did not have information
on subjects who actively refused to participate or were
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otherwise inaccessible for study inclusion. Finally, due
to stringent exclusion criteria for the GLS analyses, a
large proportion of the total study population was ex-
cluded from the statistical analyses. For that reason, the
results cannot be generalized to the entire study cohort.

In conclusion, in a large community-based cohort
examined with extensive echocardiography, concentra-
tions of both c¢Tnl and ¢T'nT are associated with
subclinical LV hypertrophy and  dysfunction.
Concentrations of cTnl do however appear superior to
cI'nT in predicting subclinical LV hypertrophy.

Supplemental Material

Supplemental material is available at Clinical Chemistry
online.

Nonstandard Abbreviations: ACE, Akershus Cardiac Examination;
ACE-], angiotensin-converting-enzyme inhibitors; ARB, angiotensin
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troponin I; ¢TnT, cardiac troponin T; eGFR, estimated glomerular fil-
tration rate; FEV1, forced expiratory volume in 1 second; FVC, forced
vital capacity; GLS, global longitudinal strain; HbAlc, glycated hemo-
globin; HR, hazard ratio; IDI, integrated discrimination improvement;
IQR, interquartile range; LoD, limit of detection; LV, left ventricular;
LVEF, left ventricular ejection fraction; LVMI, left ventricular mass
index; NRI, net reclassification index.
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