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ABSTRACT

Aims: Concentrations of cardiac troponin I (cTnl) are associated with incident ischemic stroke and predict the
presence and severity of coronary atherosclerosis. Accordingly, we hypothesized that concentrations of c¢Tnl
measured with a very high sensitivity (hs-) assay would be associated with subclinical stages of carotid
atherosclerosis in the general population.

Methods: We measured hs-cTnl on the Singulex Clarity System in 1745 women and 1666 men participating in the
prospective observational Akershus Cardiac Examination 1950 Study. All study participants were free from
known coronary heart disease and underwent extensive cardiovascular phenotyping at baseline, including ca-
rotid ultrasound. We quantified carotid atherosclerosis by the carotid plaque score, carotid intima-media
thickness (cIMT) and the presence of hypoechoic plaques.

Results: Concentrations of hs-cTnl were measurable in 99.8% of study participants and were significantly asso-
ciated with increased carotid plaque score (odds ratio for quartile 4 of hs-cTnI 1.59, 95% CI 1.22 to 2.07, p for
trend < 0.001) and cIMT (odds ratio for quartile 4 of hs-cTnI 1.57, 95% CI 1.02 to 2.42, p for trend = 0.036), but
not with the presence of hypoechoic plaques. hs-cTnI concentrations significantly improved reclassification and
discrimination models in predicting carotid plaques when added to cardiovascular risk factors, no improvements
were evident in predicting cIMT or hypoechoic plaques.

Conclusion: Concentrations of ¢Tnl measured with a very high sensitivity assay are predictive of carotid
atherosclerotic burden, a phenomenon likely attributable to common risk factors of subclinical myocardial
injury, coronary and carotid atherosclerosis.

1. Introduction

causes of which are largely multifactorial [5].
Atherosclerosis is a chronic inflammatory disease affecting large and

Measurement of cardiac troponin is essential in the diagnostic
workup of patients with suspected acute coronary syndrome and the
advent of high sensitivity (hs-) cardiac troponin assays permits safe and
swift diagnosis of acute myocardial infarction. More recently, evidence
is amassing for the use of cardiac troponin measured with hs-assays in
predicting incident cardiovascular disease such as myocardial infarction
[1], heart failure [2], atrial fibrillation [3], and ischemic stroke [4].
Concentrations of cardiac troponin also increase after ischemic stroke,

medium sized arteries of the entire body, principally resulting in
ischemia of the brain, heart and extremities. Non-invasive imaging
procedures like carotid ultrasonography and computer tomography may
identify subclinical atherosclerosis and convey prognostic information
beyond established risk prediction models [6]. Of the two, carotid ul-
trasonography might be considered the preferred initial screening
strategy, being both safe and radiation free.

In subjects recruited from the general population, carotid
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atherosclerotic burden is associated with increased concentrations of
cardiac troponin I (cTnl) measured with contemporary assays [7].
Concentrations of hs-cTnl also appear to be associated with reduced
large vessel vascular function [8]. Additionally, detectable concentra-
tions of hs—cardiac troponin T (hs-cTnT) are associated with the pres-
ence of carotid plaques in patients with systemic lupus erythematous [9]
and with vulnerable coronary lesions in patients with stable angina [10].

Established cardiovascular risk factors such as diabetes mellitus and
hypertension are associated with all forms of atherosclerosis, as well as
increased concentrations of cardiac troponin [1], possibly providing a
link between subclinical atherosclerosis and low-grade cardiac troponin
release. No studies have assessed the associations between cTnl
measured with a very high sensitivity assay and subclinical carotid
atherosclerosis in the general population. Given correlations between
cardiac troponin concentrations and indices of carotid atherosclerosis,
this information could prove valuable to guide early preventive in-
terventions in subjects with subclinical disease.

Accordingly, in subjects without previous manifestation of athero-
sclerotic cardiovascular disease, we hypothesized that (1) concentra-
tions of hs-cTnl are associated with subclinical carotid atherosclerosis,
and that (2) concentrations of hs-cTnl provide incremental information
to established cardiovascular risk factors in assessing subclinical carotid
atherosclerosis.

2. Methods
2.1. Study overview

The Akershus Cardiac Examination (ACE) 1950 Study is a prospec-
tive, population-based cohort of 3706 individuals from Akershus
County, Norway. All community dwellers born in 1950 residing in
Akershus County were invited to participate (n = 5827), and baseline
examinations were conducted September 2012 to May 2015. The study
was conducted at the two hospitals of Akershus County, Norway:
Akershus University Hospital and Baerum Hospital/Vestre Viken Hos-
pital Trust. The study design has previously been reported [11]. The
study complies with the Declaration of Helsinki and has been approved
by the Regional Committee for Medical Research Ethics. All participants
provided informed written consent before study commencement.

2.2. Participants

Data on medical history, current medication and socioeconomic
status, as well as data on alcohol and tobacco consumption, are self-
reported. Higher education was defined as education at the level of
college, university or equivalent. Co-morbidities were defined as fol-
lows: coronary artery disease (CAD; self-reported history of myocardial
infarction, coronary artery bypass grafting or percutaneous coronary
intervention), and diabetes mellitus (self-reported diabetes, daily use of
antidiabetic medication, or biochemical evidence supporting the diag-
nosis, i.e. elevated concentrations of HbAlc [>6.5%] and fasting blood
glucose [>7.0 mmol/L] on baseline examination). Participants with
known CAD at baseline (n = 263) were excluded from the analyses, as
well as participants with missing carotid ultrasound examination (n =
21) or biomarker data (n = 11).

2.3. Carotid ultrasonography

A detailed description of the carotid ultrasonography examination
has been published previously [12]. Briefly, ultrasound images of the
right and left extracranial arteries (common carotid artery, internal and
external carotid artery) were recorded in both long- and short-axis views
on the GE Vivid E9. We assessed three different carotid ultrasound
indices of subclinical atherosclerosis; quantitative carotid plaque burden
(carotid plaque score), carotid intima media thickness (cIMT), and
prevalent hypoechoic plaques [13]. For the carotid plaque score, the
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carotid artery was divided into four segments (common carotid artery,
bifurcation, and internal and external carotid artery), and plaques, as
defined by Mannheim Carotid Intima Media Thickness and Plaque
Consensus, were assessed in each segment on both sides. Each segment
was scored according to the diameter of the thickest plaque present
(>1.5 mm = 1 point, >2.5 mm = 2 points, and > 3.5 mm = 3 points),
totaling a maximum plaque score of 24 points. cIMT was measured in B-
mode and in a lateral view using a semiautomatic tracking system in the
far wall of the common carotid artery and in a region free from plaque.
We used the mean average cIMT value from the left and right common
carotid artery. Plaque morphology was registered as presence of one or
more hypoechoic plaques. To identify hypoechoic plaques, the vessel
lumen was used as reference structure [14]. The ultrasound examina-
tions were performed by two ultrasound technicians and two physicians,
all trained in vascular ultrasound, and all underwent a joint training
program before the start of the study. The analyses were performed
offline on Echopac PC v12 (GE Vingmed) by the two physicians. Inter-
and intrarater reliability tests were performed twice during the inclusion
period, in which the two physicians measured plaque diameter twice for
plaque score calculation on the same 25 randomly selected examina-
tions. Both tests showed excellent results (Cronbach k = 0.999).

2.4. Blood sampling procedures and biochemical assays

Fasting venous blood samples were centrifuged at room temperature
and frozen at —80 °C. Analyses of C-reactive protein (CRP, measured
with a high sensitivity assay), glucose, glycated hemoglobin (HbAlc),
cholesterol (total, high-density lipoprotein [HDL]), triglycerides, and
creatinine, were performed immediately by routine hospital laboratory
clinical chemistry. We estimated concentrations of LDL cholesterol using
the Friedewald equation [15]. CRP concentrations above or equal to 3
mg/L were used to denote the presence of low-grade systemic inflam-
mation. Estimated glomerular filtration rate (eGFR) was estimated with
the Chronic Kidney Disease Epidemiology Collaboration equation. cTnl
was measured in 2017 from thawed serum samples using a novel very
hs-assay (hs-cTnl) on the Singulex Clarity System. The coefficient of
variation (CV) for this assay has been reported to be 10% at 0.53 ng/L
and 20% at 0.14 ng/L [16]. Using control material from Singulex, we
found a CV of 11.3% at 3.85 (standard deviation [SD] 0.44) ng/L, 10.5%
at 10.37 (SD 1.09) ng/L, 7.3% at 26.37 (SD 1.92) ng/L, and 7.8% at
8239.62 (SD 645.92) ng/L. The limit of detection for this assay is 0.08
ng/L, with a 99th percentile value in a reference population of 6.74 ng/L
[16]. Concentrations below the limit of detection were assigned a value
of 50% of the limit of detection (i.e. 0.04 ng/L).

2.5. Statistical methods

Baseline data are reported as absolute numbers (proportion) or me-
dian (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. Correlations were assessed by
Spearman’s rank correlation coefficient. The associations between ca-
rotid ultrasound variables and hs-cTnl were assessed by logistic
regression models constructed on guideline recommended cut-offs for
cIMT (>0.90 mm) [17], and the presence of hypoechoic plaques [18].
There is currently no guideline based consensus for calculation of ca-
rotid plaque score [19]. For the plaque score utilized in the current
investigation, a value > 4 is associated with increased cardiovascular
risk and higher prevalence of cardiovascular risk factors [12], and this
cut-off was accordingly used for the logistic regression models in pre-
dicting carotid plaques.

All regression models were incrementally adjusted for sex, age, study
site, and a priori selected variables influencing cardiovascular risk (BMI,
eGFR, total, HDL and LDL cholesterol, CRP, higher education, systolic
blood pressure, diabetes mellitus, current smoking, and alcohol con-
sumption). Adjustment was also made for current statin therapy, as
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statin therapy is associated with attenuation of both cardiac troponin
concentrations [20] and atherosclerosis [21]. Participants with missing
covariate data were excluded from the multivariable regression ana-
lyses. The incremental value of hs-cTnl to established cardiovascular
risk factors was assessed by C statistics derived from the logistic
regression models, as well as by the net reclassification index (NRI) and
integrated discrimination improvement (IDI). We compared overall
model fit by the likelihood-ratio test. We additionally performed anal-
ysis stratified according to sex, as both cardiovascular risk [22,23] and
concentrations of cardiac troponin [24] exhibit sex specific discrep-
ancies. Statistical significance was assumed at p < 0.05. The analyses
were performed with STATA 16 (StataCorp LP, College Station, TX).

3. Results
3.1. Baseline characteristics

Of the 3706 participants from the ACE1950 Study baseline exami-
nation, 1745 women and 1666 men were included in the following
analyses (Fig. 1). Characteristics of participants excluded because of a
history of CAD (n = 263) or missing data for carotid ultrasonography (n
= 21) or hs-cTnl (n = 11) are summarized in Supplementary Table 1.
Excluded participants were more frequently male with diabetes mellitus
and higher BMI. They were more frequently on cardioprotective and
antidiabetic medication, and exhibited increased concentrations of hs-
cTnl, as well as a more unfavorable metabolic profile.

Concentrations of hs-cTnl were measurable in 99.8% of study par-
ticipants (99.9% in women, 99.8% in men; p = 0.44; Fig. 2). Patient
characteristics according to quartiles of hs-cTnl are summarized in
Table 1. Compared to participants in the lowest quartile, participants in
the upper quartile of hs-cTnl were more frequently male with diabetes
mellitus, had higher blood pressure, BMI, carotid plaque score and cIMT,
lower eGFR, and were more frequently on cardioprotective medication.
They were also less frequently current smokers.

3.2. hs-cTnl and carotid indices of subclinical atherosclerosis

Continuous concentrations of hs-cTnl correlated significantly with
carotid plaque score (r = 0.16; p < 0.001) and cIMT (r = 0.14; p <
0.001), but not hypoechoic plaques (r = 0.03; p = 0.08). In adjusted
analyses according to quartiles of hs-cTnl, increasing concentrations of
hs-cTnl were associated with increased carotid plaque score (p for trend
< 0.001) and cIMT (p for trend = 0.036), but not with the presence of
hypoechoic plaques (p for trend > 0.99; Table 2).

3.3. Discrimination and reclassification

Table 3 shows discrimination and reclassification models of hs-cTnI

5827 Subjects invited to
participate
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for identifying study participants with increased carotid plaque score
and cIMT, and the presence of hypoechoic plaques. The basic risk model
comprised established cardiovascular risk factors and demographics,
and the distributions of the predicted risk probabilities of the basic
models are demonstrated in Supplementary Fig. 1. Participants in the
4th quartile of predicted risk probabilities had higher concentrations of
hs-cTnl for all three risk prediction models (Supplementary Table 2).
Compared to the basic risk model, the addition of hs-cTnl improved
overall model fit (p for likelihood-ratio test < 0.001) and C statistics
(0.706, 95% confidence interval [CI] 0.685 to 0.726 vs 0.710, 95% CI
0.690 to 0.730; p = 0.049) in predicting carotid plaques. NRI was
improved (0.171, 95% CI 0.084 to 0.247) with higher diagnostic prob-
abilities to participants with carotid plaque score > 4, and lower diag-
nostic probabilities to participants with carotid plaque score < 4.
Similarly, IDI was improved (0.003, 95% CI 0.000 to 0.009) with
improvement in discrimination slope and corresponding improvements
in model sensitivity and specificity. The addition of hs-cTnlI to the basic
risk model improved overall model fit (p for likelihood-ratio test 0.035)
for cIMT, but apart from this, no improvements were evident in pre-
dicting cIMT or hypoechoic plaques.

3.4. Impact of sex

The associations between hs-cTnl and carotid indices of subclinical
atherosclerosis according to sex are presented in Supplementary Table 3.
The associations between hs-cTnl and carotid plaque burden were
numerically stronger for women (odds ratio for women 1.90, 95% CI
1.25 to 2.88 vs. odds ratio for men 1.29, 95% CI 0.88 to 1.88), and
numerically stronger for cIMT for men (odds ratio for women 1.05, 95%
CI 0.49 to 2.28 vs. odds ratio for men 2.20, 95% CI 1.19 to 4.10). hs-cTnl
was not associated with hypoechoic plaques for either sex. There was no
effect modification by sex on the associations between hs-cTnl and ca-
rotid indices of subclinical atherosclerosis (pintErRACTION > 0.05 for ca-
rotid plaque burden, cIMT and hypoechoic plaques).

Supplementary Table 4 shows discrimination and reclassification
models for hs-cTnl according to sex. For women, hs-cTnl improved
overall model fit (p for likelihood-ratio test < 0.001), NRI (0.255, 95%
CI 0.123 to 0.375) and IDI (0.009, 95% CI 0.001 to 0.021) in predicting
carotid plaques, whereas hs-cTnl improved overall model fit (p for
likelihood-ratio test 0.009) and NRI (0.203, 95% CI 0.001 to 0.336) in
predicting cIMT in men.

4. Discussion

The principal finding of the current study is that concentrations of
cTnl measured with a very high sensitivity assay are associated with
carotid atherosclerosis as assessed by total carotid plaque score. Con-
centrations of hs-cTnl were measurable in practically all study

A

3706 Subjects accepted to
participate

v

2121 Subjects refused to participate or
non-responders

A

v

3411 Subjects included in
analyses

263 Subjects with known coronary artery disease
21 Subjects lacking carotid ultrasound examination

11 Subjects lacking hs-cTnl analyses

Fig. 1. Flow chart of participation in the study. hs-cTnl, cardiac troponin I.



M.N. Lyngbakken et al.

100

80

60

Frequency

40

20

[ T1 T N TR Sy R —

Clinical Biochemistry 93 (2021) 59-65

T

T
0 5 10

T
15

Cardiac troponin | (ng/L)

Fig. 2. Distribution of hs-cTnl in subjects from the ACE1950 Study with carotid ultrasonography and free from known coronary artery disease. hs-cTnl, cardiac

troponin L

participants and added incremental information to established cardio-
vascular risk factors in predicting carotid plaque burden.

The use of cardiac troponins as indicators of myocardial injury was
implemented in the definition of acute coronary syndromes in 2000.
Since then, increasingly sensitive assays have enabled quantification of
low-level concentrations of cardiac troponin in large proportions of the
general population [25]. cTnl measured by a single-molecule counting
method is currently the most sensitive cardiac troponin investigation,
with a limit of detection lower than for any other cardiac troponin assay
[16]. This is apparent in the current study, as well as in previous reports
utilizing the same assay, where measurable concentrations of hs-cTnl
were evident in practically all study participants.

Atherothrombosis is the main cause of acute coronary syndromes,
and there is a positive association between extent of myocardial injury
and cardiac troponin release [26]. In patients with suspected CAD,
higher concentrations of hs-cTnT are associated with increased coronary
plaque burden and presence of significant coronary stenosis [27].
Higher concentrations of hs-cTnl are in the same way associated with
presence and severity of coronary atherosclerosis [28], as well as short-
term mortality and non-fatal coronary events [29]. Analogously to
coronary atherosclerosis, quantification of carotid atherosclerosis may
provide valuable information on cardiovascular risk. In this regard, ca-
rotid plaques may be more sensitive in predicting risk compared to cIMT
[30] and both total plaque area and carotid plaque score are predictive
of incident coronary heart disease [31]. hs-cTnl predicts overt cere-
brovascular disease such as incident ischemic stroke [4] and patients
with ischemic stroke commonly exhibit cardiac troponin elevation [5].
cTnl has previously been associated with carotid atherosclerotic plaques
in a population based sample [7], with similar associations of hs-cTnT in
a smaller cohort of patients with systemic lupus erythematosus [9].
However, both studies were performed with less sensitive cardiac
troponin assays, less extensive carotid vascular phenotyping and were
underpowered compared to the current investigation. Using the most
sensitive cardiac troponin assay currently available, we reaffirm the
associations between carotid atherosclerotic burden and subclinical
myocardial injury. We additionally elaborate on previous findings by
demonstrating significant improvements in reclassification and
discrimination models for hs-cTnl in predicting carotid atherosclerosis.
Three pathobiological pathways may be responsible for the principal
findings of the current investigation:

Firstly, atherosclerosis is a generalized disorder principally affecting
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all arterial beds and there is significant coexistence of carotid, coronary
and peripheral atherosclerosis. cTnl and c¢TnT are expressed specifically
in the myocardium and higher concentrations of cardiac troponins are
independently associated with coronary atherosclerotic burden [32],
possibly due to coronary microembolization and silent ischemic epi-
sodes [33]. The association between carotid atherosclerosis and cardiac
troponin is most likely a surrogate measure of the association with
coexisting coronary atherosclerosis.

Secondly, common risk factors influence atherosclerotic progression
in both carotid and coronary arteries [34]. In addition to exerting
detrimental effects on the arterial vasculature, diabetes mellitus, hy-
pertension and blood lipids influence the myocardium by pathways
other than those mediated by atherosclerotic processes [35]. If left un-
treated, at-risk subjects may progress into hypertensive and/or diabetic
cardiomyopathy, with resulting myocardial fibrosis, left ventricular
hypertrophy and ultimately overt heart failure. Cardiac troponins
largely predict the presence of myocardial fibrosis [36], and common
pathobiological pathways between carotid atherosclerosis and cardiac
fibrosis could possibly link carotid plaque burden to concentrations of
cardiac troponin.

Thirdly, coronary microvascular dysfunction may have contributed
to low-grade release of cardiac troponin observed in the current inves-
tigation. Analogously to progressive cardiac fibrosis due to established
cardiovascular risk factors such as diabetes mellitus and hypertension,
common risk factors precipitate the development of vascular dysfunc-
tion even in the absence of overt coronary atherosclerosis. Inferior
microvascular function is associated with elevated concentrations of
cardiac troponin [37], as well as cardiac troponin increases within the
reference range [38]. Subclinical coronary microvascular dysfunction
may additionally account for the apparent associations between carotid
plaque burden and low-grade increases in hs-cTnl.

With regard to cIMT, the associations with cardiac troponins are
more conflicting. In patients with end-stage renal failure, cTnT is asso-
ciated with carotid atherosclerosis as assessed by cIMT [39]. Similar
associations were found for hs-cTnl in the Gutenberg Health Study [40],
but not in a large cohort from The Framingham Offspring Study [41]. In
the current investigation, we found significant associations between hs-
c¢Tnl and cIMT, but hs-cTnl did not improve reclassification and
discrimination models in predicting increased cIMT. cIMT provides
limited information on carotid plaque burden [42] and probably serves
as an unconvincing proxy of coronary artery atherosclerosis and
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Table 1

Baseline characteristics according to quartiles of hs-cTnl.
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Variable Total cohort Quartile 1 (hs-cTnl < Quartile 2 (hs- Quartile 3 (hs- Quartile 4 (hs-cTnl >
0.70 ng/L) ¢Tnl0.71-1.02 ng/L) ¢TnI1.03-1.61 ng/L) 1.62 ng/L)
n 3411 n 885 n 829 n 855 n 842

Male sex, n (%) 3411 1666 (48.8%) 885 212 (24.0%) 829 343 (41.4%)*** 855 484 (56.6%)*** 842 627 (74.5%)***

Age, years 3411  63.9 (63.4 to 885  63.9 (63.5to 829  63.9 (63.4 to 855  63.8(63.4 to 842  63.9 (63.4 to
64.4) 64.4) 64.5) 64.4) 64.5)

Higher education, n (%) 3402 1602 (47.1%) 883 380 (43.0%) 827 375 (45.3%) 853 412 (48.3%)* 839 435 (51.8%)***

Current smoker, n (%) 3387 483 (14.3%) 880 153 (17.4%) 825 124 (15.0%) 848 127 (15.0%) 834 79 (9.5%)***

Alcohol consumption, units/2 3411 6(2to11) 885 5(1to10) 829 6 (2to 11)** 855 6 (2 to 12)*** 842 6 (2 to 12)***

weeks
Study site Akershus University 3411 2269 (66.5%) 885 578 (65.3%) 829 562 (67.8%) 855 575 (67.3%) 842 554 (65.8%)
Hospital, n (%)

Body mass index, kg/m2 3411 26.6 (24.1 to 885 25.7 (23.3 to 829 26.5 (23.8 to 855 27.1 (24.3 to 842 27.4 (24.9 to
29.4) 28.1) 29.2)%** 29.9 30.3)***

Heart rate, beats/min 3410 62 (56 to 69) 885  65(59to71) 829 62 (57 to 69)*** 855 61 (56 to 68)*** 841 60 (54 to 66)***

Systolic blood pressure, mmHg 3409 137 (125 to 885 132 (120 to 828 135 (125 to 147) 855 137 (126 to 150) 841 142 (129 to 156)
149) 144) Kk Kk Kk

Diastolic blood pressure, mmHg 3409 77 (70 to 84) 885 74 (68 to 80) 828 76 (70 to 82)*** 855 78 (72 to 84)*** 841 79 (73 to 87)***

Diabetes mellitus, n (%) 3410 265 (7.8%) 885 51 (5.8%) 828 62 (7.5%) 855 62 (7.3%) 842 90 (10.7%)***

Medication

Diuretics, n (%) 3411 98 (2.9%) 885 13 (1.5%) 829 22 (2.7%) 855 27 (3.2%)* 842 36 (4.3%)***

p blockers, n (%) 3411 314 (9.2%) 885 53 (6.0%) 829 71 (8.6%)* 855 90 (10.5%)*** 842 100 (11.9%)***

Calcium antagonists, n (%) 3411 255 (7.5%) 885 40 (4.5%) 829 56 (6.8%)* 855 80 (9.4%)*** 842 79 (9.4%)**

ACE-I/ARB, n (%) 3411 856 (25.1%) 885 149 (16.8%) 829 197 (23.8%) 855 239 (28.0%) 842 271 (32.2%)***

Statins, n (%) 3411 729 (21.4%) 885 160 (18.1%) 829 178 (21.5%) 855 186 (21.8%) 842 205 (24.3%)**

hs-cTnl, ng/L 3411 1.02 (0.70 to 885 0.55 (0.47 to 829 0.85 (0.77 to 855 1.27 (1.14 to 842 2.41 (1.92 to
1.61) 0.63) 0.94)*** 1.41)%*= 3.45)%**

CRP > 3 mg/L, n (%) 3398 713 (21.0) 880 176 (20.0%) 824 182 (22.1%) 853 176 (20.6%) 841 179 (21.3%)

HbAlc, % 3397 57(55t059) 880 57(55t059) 825 5.7(5.5t05.9) 855 5.7(5.5t05.9) 837 5.7 (5.5t06.0)

Total cholesterol, mmol/L 3409 55(48t06.2) 885 57(49to6.4) 829 55(4.8t06.1) 855 5.5(4.7to0 6.1) 840 5.4 (4.7t06.1)

HDL cholesterol, mmol/L 3408 1.5(1.2t0 1.8) 884 1.5(1.3to 1.9) 829 1.5(1.2t01.9) 855 1.5(1.2t01.8) 840 1.4(1.2t01.8)

LDL cholesterol, mmol/L 3387 34(27t04.0) 882 35(29to4.1) 824 3.3(2.8t03.9) 848 3.3(2.7t03.9) 833 3.3(2.6t03.9)

Triglycerides, mmol/L 3408 1.17 (0.85 to 885 1.13(0.83 to 829 1.17 (0.85 to 855 1.14 (0.83 to 839 1.21 (0.89 to
1.65) 1.60) 1.64) 1.63) 1.72)**

eGFR, mL/min/1.73 m? 3395 85.0(75.2 to 881  86.2(76.3 to 826  85.0(76.0 to 851  83.8 (74.0 to 837 84.8(74.4to
92.6) 93.1) 92.4) 92.3)** 92.3)*

Carotid plaque score 3411 2(1to3) 885 2(1to3) 829 2(1to3)* 855 2 (1 to 4)*** 842 2 (1 to 4)***

Carotid plaque score > 4, n (%) 3411 842 (24.7%) 885 155 (17.5%) 829 184 (22.2%)* 855 242 (28.3%)*** 842 261 (31.0%)***

cIMT, mm 3411 0.71 (0.65 to 885 0.70 (0.64 to 829 0.71 (0.64 to 855 0.72 (0.65 to 842 0.74 (0.67 to
0.79) 0.77) 0.79)* 0.80)*** 0.82)%**

cIMT > 0.90 mm, n (%) 3411 250 (7.3%) 885 40 (4.5%) 829 50 (6.0%) 855 61 (7.1%)* 842 99 (11.8%)***

Hypoechoic plaques, n (%) 3411 528 (15.5%) 885 131 (14.8%) 829 119 (14.4%) 855 129 (15.1%) 842 149 (17.7%)

p compared to quartile 1: * <0.05, ** <0.01, *** <0.001. hs-cTnl, cardiac troponin I. ACE-I, angiotensin-converting-enzyme inhibitor. ARB, angiotensin II receptor
blocker. CRP, C-reactive protein. HbAlc, glycated hemoglobin. HDL, high-density lipoprotein. LDL, low-density lipoprotein. eGFR, estimated glomerular filtration

rate. cIMT, carotid intima-media thickness.

subclinical myocardial injury.

We found no associations between hypoechoic plaques and hs-cTnl.
Establishing the presence of hypoechoic plaques relies on description of
individual plaque morphology [13], and not the very extent of total
carotid plaque burden. Put differently, the mere presence of a hypo-
echoic plaque does not denote significant atherosclerosis and vice versa.
Low-grade release of cardiac troponin on the other hand represents
subclinical myocardial injury characterized by progressive vascular al-
terations, fibrosis, and cardiac remodeling [36]. Hypoechoic carotid
plaques increase the risk for embolization and stroke compared with
echogenic carotid plaques [43], but are not related to such chronic
changes in the same way as total carotid plaque burden. The lack of
association is expected given the current understanding of these two
indices of cardiovascular health in the general population.

In analysis stratified according to sex, we found no effect modifica-
tion by sex in any of the regression models. Some of the distinct differ-
ences by sex do however deserve mentioning. Women exhibited
numerically stronger associations between hs-cTnI and carotid plaque
burden, and hs-cTnl provided incremental diagnostic information to
established cardiovascular risk factor in predicting carotid plaque
burden in women. Conversely, the associations of hs-cTnl with cIMT
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were numerically stronger in men. In the general population, the asso-
ciations between concentrations of cTnl and incident myocardial
infarction [22] and cardiovascular mortality [23] are stronger in
women. Women exhibit lower concentrations of cardiac troponin [24],
and for a given absolute value of cardiac troponin, the associated risk
would be correspondingly higher. This phenomenon may partly explain
the stronger diagnostic impact of hs-cTnl on subclinical atherosclerosis
in women.

Several strengths and limitations of the current study merits
mentioning. A major strength of the study is the use of the most sensitive
cardiac troponin assay developed, in addition to an extensive and highly
sensitive bilateral evaluation of the carotid arteries. The study is of
greater power than previous investigations on the subject, allowing
more precise and sensitive statistical analyses. Concentrations of hs-cTnl
were well below the 99th percentile for almost all study participants,
and imprecision of the biomarker values in this concentration range may
have biased our results. The hs-cTnl values were however predomi-
nantly above the 10% CV concentration ranges previously reported
[16]. We assessed the incremental diagnostic value of hs-cTnl to
established cardiovascular risk factors and demographics using multiple
statistical indices of discrimination, reclassification and overall model
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Table 2
Associations between hs-cTnl and carotid ultrasound measures.

Odds ratio (95% CI)

hs-cTnl Model 1 Model 2 Model 3
quartile
Carotid plaque 2 1.34(1.06to0  1.21(0.95t0  1.22(0.94 to
score > 4 1.71) 1.54) 1.58)
3 1.86 (1.48 to 1.56 (1.23 to 1.56 (1.21 to
2.34) 1.99) 2.02)
4 2.12(1.69t0  1.56(1.23to  1.59 (1.22 to
2.65) 1.99) 2.07)
P for trend <0.001 <0.001 <0.001
cIMT > 0.90 mm 2 1.36 (0.88to  1.14(0.74to  1.14(0.73 to
2.08) 1.76) 1.77)
3 1.62 (1.08 to 1.21 (0.79 to 1.11 (0.71 to
2.45) 1.85) 1.72)
4 2.81(1.92to0 1.81(1.20to  1.57 (1.02 to
4.12) 2.71) 2.42)
P for trend <0.001 0.002 0.036
Hypoechoic 2 0.96 (0.74to  0.91(0.69to  0.91 (0.69 to
plaques 1.26) 1.20) 1.20)
3 1.02 (0.79 to 0.89 (0.68 to 0.90 (0.68 to
1.33) 1.17) 1.20)
4 1.24(0.96to  1.05(0.79to  1.00 (0.74 to
1.60) 1.38) 1.349)
P for trend 0.09 0.78 >0.99

hs-cTnl, cardiac troponin I. cIMT, carotid intima-media thickness. OR, odds
ratio. Model 1, unadjusted. Model 2, adjusted for sex, age and study site. Model
3, adjusted for model 2, BMI, eGFR, total, HDL and LDL cholesterol, CRP, higher
education, statin therapy, systolic blood pressure, diabetes mellitus, current
smoking, and alcohol consumption.

Table 3
Diagnostic performance of hs-cTnl on carotid ultrasound measures.

Model Carotid plaque cIMT > 0.90 mm

score > 4

Hypoechoic plaques

C statistics (95% CI)

Basic model 0.706 (0.685 to 0.713 (0.679 to 0.626 (0.600 to

0.726) 0.747) 0.652)
Basic model + hs-  0.710 (0.690 to 0.717 (0.683 to 0.626 (0.600 to
cTnl 0.730) 0.751) 0.652)
p for comparison 0.049 0.26 0.59

Net Reclassification Index (95% CI)

0.171 (0.084 to 0.160 (-0.103 to —0.103 (-0.137 to

0.247) 0.289) 0.138)

Integrated Discrimination Improvement (95% CI)

0.003 (0 to 0.009) 0.002 (-0 to 0 (-0.001 to 0.001)
0.008)

Basic model + hs-
cTnl

Basic model + hs-
cTnl

hs-cTnl, cardiac troponin I. cIMT, carotid intima-media thickness. Basic model
includes sex, age, study site, BMI, eGFR, total, HDL and LDL cholesterol, CRP,
higher education, statin therapy, systolic blood pressure, diabetes mellitus,
current smoking, and alcohol consumption.

fit. C statistics, NRI and IDI have their advantages and limitations, the
former is conservative and often considered insensitive to minor im-
provements in model prediction [44]. In contrast, NRI and IDI may over-
inflate the incremental value of novel biomarkers [45,46]. This neces-
sitates the use of multiple statistical metrics in contemporary biomarker
evaluation. We have used data from a fairly young and large
community-based cohort with broad phenotypical characterization, as
well as thorough registration of socioeconomic status and medical his-
tory. The data is based on self-report and runs the inevitable risk of
response bias. We excluded participants with self-reported CAD, and we
may accordingly have excluded false-positive subjects without actual
coronary substrate. Non-response bias must also be taken in to account,
as we do not have information on subjects who actively refused to
participate or were inaccessible for study inclusion. Due to the obser-
vational nature of the study, we cannot infer causality in any of our
analyses. The lack of coronary and myocardial imaging is a major study
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limitation. Quantification of coronary atherosclerosis by computed to-
mography angiography and focal and diffuse myocardial scarring by
cardiovascular magnetic resonance imaging most certainly would have
provided mechanistic insight to the associations between carotid plaque
burden and cardiac troponins. Finally, as the study population is almost
exclusively northern European Caucasian, our results are not general-
izable to subjects of other ethnicities.

In conclusion, concentrations of hs-cTnl measured with a very high
sensitivity assay are predictive of carotid atherosclerotic burden and
improves risk assessment concerning carotid atherosclerosis. The
mechanism for the association will require additional experimental and
clinical studies, but our results support the model of common risk factors
of subclinical myocardial injury, coronary and carotid atherosclerosis as
the cause for the association between hs-cTnlI concentrations and carotid
plaque burden.
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