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inversely predict cardiac troponin T and | concentration
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Background: This retrospective study was planned to establish potential associations between circulating values
of cardiac troponins and those of conventional blood lipids.

Methods: The study population consisted of patients attending an inpatient clinic of the University Hospital
of Verona during the year 2015 as part of routine cardiovascular risk assessment. No exclusion criteria were
applied. Serum lipids including total cholesterol (T'C), high-density lipoprotein cholesterol (HDL-C), low-density
lipoprotein cholesterol (LDL-C) and triglycerides (T'G) were measured using reference enzymatic techniques,
whereas troponin T (TnT) was measured using a high-sensitivity (HS) immunoassay. A second analysis was also
performed in the General Hospital of Verona, extracting data from the local laboratory database of all patients in
whom troponin I (Tnl) and blood lipids were simultaneously measured during the same year.

Results: In univariate analysis, HS-Tn'T was found to be associated with age, sex, TC, LDL-C, HDL-C, but not
with TG. In multvariate linear regression analysis, age (positive correlation; P<0.001) and HDL-C (negative correlation;
P=0.032) remained significantly associated with HS-TnT. The frequency of HS-TnT values >50 ng/L was higher in
subjects with HDL-C <1 mmol/L than in those with HDL-C >1 mmol/L [odds ratio (OR), 1.84; 95% confidence
interval (CI), 1.03-3.32]. The frequency of HS-TnT values >50 ng/L was also higher in elderly subjects than in
younger ones (OR, 2.10; 95% CI, 1.15-3.84). The combination of age and HDL-C explained 35% of overall
variability of TnT concentration. In the second analysis, HDL-C was also found to be an independent and negative
predictor of Tnl in multivariate linear regression analysis (P=0.010). The combination of age and HDL-C explained
approximately 28% of the overall variability of Tnl concentration.

Conclusions: Our study suggests that HDL-C values inversely predict cardiac troponins concentration

irrespective of age, sex and other blood lipids.
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Introduction

The most recent statistics of the American Heart
Association (AHA) attests that although the mortality
rate for cardiovascular disorders (CVD) has declined in
the United States, the burden remains regrettably high (1).
More specifically, the acute coronary syndrome (ACS) alone
causes approximately 1 of every 7 deaths in the United States,
averaging as many as 375,295 deaths annually. Globally,
one American resident experiments a coronary event
approximately every half minute and one American dies
for heart attack approximately every 1 and half minute (1).
Similar figures are reported at different latitudes. For
example, despite the local government has taken an active
part in prevention and control of CVD, the morbidity
and mortality for heart attacks are both persistently
increasing in China (2). In fact, it is currently reported
that approximately 230 million patients suffer from CVD
in this country, and 2 million patients suffer or have
suffered from ACS. Notably, 3 million cases of death for
heart attack are recorded each year, accounting for nearly
41% of the overall mortality in China (2).

The biochemical gold standard for diagnosing ACS,
both ST-elevation myocardial infarction (STEMI),
and especially non-ST-elevation myocardial infarction
(NSTEMI), is represented by cardiac troponins testing.
Due to their virtually absolute cardiospecificity, the
assessment of either cardiac troponin T (TnT) or
troponin I (Tnl) is recommended by international
validated guidelines for identifying myocardial injuries,
thus including ACS (3-5). Despite their unquestionable
role for diagnosing acute myocardial injury, several lines
of evidence now attest that the concentration of cardiac
troponins, especially when measured with the new high-
sensitivity (HS) immunoassays, is a significant predictor
of death (both total and cardiovascular), in patients with
CVD (6), as well as in those without (7). This evidence
is convincingly persuading that cardiac troponins
may be regarded as a kind of “cholesterol of the third
millennium”, which may provide clinically meaningful
information not only for diagnosing ACS, but also
for stratifying the cardiovascular risk in the general
population, alone or in combination with traditional
cardiovascular risk factors such as blood lipids,
hypertension and diabetes among others (8).

The National Cholesterol Education Program
(NECP) currently defines an increased risk of CVD in
subjects bearing total cholesterol (T'C) values greater

© Annals of Translational Medicine. All rights reserved.

Lippi et al. HDL-C predicts troponin concentration

than 5.2 mmol/L (i.e., 200 mg/dL), low-density lipoprotein
cholesterol (LDL-C) values greater than 2.6 mmol/L
(i.e., 100 mg/dL) and high-density lipoprotein cholesterol
(HDL-C) values lower than 1.0 mmol/L (i.e., 40 mg/dL) (9).
Therefore, we planned a retrospective study to establish the
existence of potential associations between circulating values
of cardiac troponins and those of conventional blood lipids
in a population of patients admitted to inpatient clinics for
routine cardiovascular risk assessment.

Materials and methods

The study population consisted of patients attending an
inpatient clinic of the University Hospital of Verona during
the entire year 2015, as part of routine cardiovascular risk
assessment. No exclusion criteria were applied in order
to collect the largest possible number of subjects and
thereby increase the statistical significance of potential
associations. Serum lipids, thus including TC, HDL-C
and triglycerides (T'G) were measured using reference
enzymatic techniques on Roche Cobas 6000 (Roche
Diagnostics, Basel, Switzerland), whereas LDL-C was
calculated using Friedewald equation. The concentration
of TnT was also measured on Roche Cobas 6000, using a
HS immunoassay (Roche). The limit of blank (LOB) and the
99" percentile of the upper reference limit (URL) of this assay
are 3 and 14 ng/L, respectively (10). Patients with HS-Tn'T
values lower than the LOB and those above 100 ng/L
were excluded from the statistical analysis. The 100 ng/L
cut-off was arbitrarily chosen for decreasing the chance of
including patients with overt myocardial injury. A threshold
of 50 ng/L (i.e., ~3-times the URL of Roche HS-TnT) was
prespecified.

In order to replicate results with Tnl, a second analysis
was performed in the second hospital of the town (i.e.,
Verona General Hospital), by extracting data from the local
laboratory database of all patients in whom Tnl and blood
lipids were simultaneously measured during the entire
year 2015. As for TnT analysis, no exclusion criteria were
applied in order to collect the largest possible number of
subjects and thereby increase the statistical significance
of potential associations. In this second analysis, serum
lipids were measured with Siemens Dimension Vista
(Siemens Healthcare Diagnostics, Tarrytown, NY, USA)
using reference enzymatic techniques, whereas LDL-C
was also calculated using the Friedewald equation. The
concentration of Tnl was also measured on Siemens
Dimension Vista (Siemens Healthcare Diagnostics), by
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Figure 1 Inverse correlation between high-density lipoprotein
cholesterol (HDL-C) and troponin T (TnT) or troponin I (Tnl)
concentration in a population of patients admitted to inpatient

clinics for routine cardiovascular risk assessment.

using a contemporary-sensitive assay based on luminescent
oxygen channeling (LOCI) technology (11). The LOB and
URL of this assay are 15 and 45 ng/L, respectively (10). As
for Tn'T data, patients with Tnl values lower than the LOB
and those above 100 ng/L were excluded from the statistical
analysis. A threshold of 50 ng/L (i.e., ~3-times the LOB of
Siemens Vista Tnl) was prespecified.

The non-normal values distribution was verified by
Kolmogorov-Smirnov test and data were finally expressed
as median and interquartile range (IQR). The significance
of difference between values was assessed with Mann-
Whitney-Wilcoxon test. Univariate analysis was calculated
using Spearman’s correlation. In multivariate linear
regression analysis, the concentration of cardiac troponins
(either HS-TnT or Tnl) was entered as dependent variable
whereas the values of other parameters with significant
associations from univariate analysis were entered as
independent variables. The statistical analysis was carried
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out using Analyse-it (Analyse-it Software Ltd, Leeds, UK).
The crude odds ratio (OR) and its 95% confidence interval
(95% CI) were then calculated using MedCalc version
12.3.0 (MedCalc Software, Mariakerke, Belgium). The level
of statistical significance was set at P<0.05.

The study was carried out using anonymous data, in
accordance with the Declaration of Helsinki and under the
terms of relevant local legislation.

Results

The final study population at the University Hospital of
Verona included 240 patients (median age 74 years and
IQR range 64-83 years; 115 women and 125 men). The
median concentration of HS-TnT was 42 ng/L (IQR,
23-66 ng/L).

In univariate analysis, the concentration of HS-TnT
was found to be significantly associated with age, sex, TC,
LDL-C and HDL-C (Figure I), but not with TG (Table I).
In multivariate linear regression analysis, in which HS-
TnT concentration was entered as dependent variable
and age, sex, T'C, LDL-C and HDL-C were entered as
independent variables, age and HDL-C were found to
be significant and independent predictors of HS-Tn'T
values, whereas no association was found with sex, T'C and
LDL-C (Table 1).

When the study population was divided according to
HDL-C values (i.e., <1 or >1 mmol/L), subjects with
HDL-C <1 mmol/L (n=61) displayed significantly higher
values of HS-Tn'T than those with HDL-C concentration
>1 mmol/L (n=179) (Figure 2). The frequency of HS-
TnT values >50 ng/L was higher in subjects with HDL-C
<1 mmol/L than in those with HDL-C >1 mmol/L
(32/61, 52% ws. 67/179, 37%; OR, 1.84; 95% CI, 1.03-3.32;
P=0.041) (1able 2). Similarly, when the study population was
divided according to the age (i.e., <65 years and >65 years),
older subjects (n=171) displayed significantly higher values
of HS-TnT than those aged 65 years or younger (n=69)
(Figure 2). The frequency of HS-TnT values >50 ng/L was
higher in elderly subjects than in younger ones (79/171,
46% vs. 20/69, 29%; OR, 2.10; 95% CI, 1.15-3.84; P=0.015)
(1able 2). Notably, the frequency of HS-Tn'T values >50 ng/L in
elderly subjects with HDL-C values <1 mmol/L was approximately
3-fold higher than in those with of younger age and with
HDL-C >1 mmol/L (20/35, 57% uvs. 8/43, 19%; OR, 5.8;
95% CI, 2.1-16.2; P<0.001). Accordingly, the combination
of age and HDL-C value explained 35% of the overall
variability of Tn'T concentration (P<0.001).
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Table 1 Relationships between high-sensitivity cardiac troponin T (hs-¢TnT) and serum lipids in the tested cohort (University Hospital

of Verona)
Spearman’s correlation Multivariate linear regression analysis

Variables

Coefficient P B P
Age (years) 0.27 <0.001 0.56 <0.001
Gender (male=1; female=0) 0.11 0.033 5.38 0.111
TC (mmol/L) 0.33 <0.001 2.69 0.626
LDL-C (mmol/L) 0.24 <0.001 10.00 0.150
HDL-C (mmol/L) -0.15 0.042 -14.10 0.032
TG (mmol/L) 0.06 0.231 - -

The dependent variable is cTnT (ng/L). —, no data available. TC, total cholesterol; LDL-C, low-density lipoprotein cholesterol;

HDL-C, high-density lipoprotein cholesterol; TG, triglycerides.
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Figure 2 Values (imedian and interquartile range) of troponin T (TnT) in a population of patients admitted to inpatient clinics for routine
cardiovascular risk assessment, stratified according to the age and the values of high-density lipoprotein cholesterol (HDL-C). The
horizontal line is drawn at the troponin I (TnI) value corresponding to 50 ng/L.

Table 2 Analyzing the relationships between high-sensitivity
cardiac troponin T (hs-cTnT) >50 ng/L, age and high-density
lipoprotein cholesterol (HDL-C)

Variables QOdds ratio (95% CI)

Age >65 years
HDL-C =1 mmol/L

2.10 (1.15-3.84)
1.84 (1.03-3.32)

The results of this first analysis were then replicated in
a second epidemiological study carried out in the General
Hospital of Verona. This study population included 463
subjects (median age 80 years and IQR range 71-87 years;
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237 women and 226 men). The median concentration
of Tnl was 42 ng/L. IQR, 26-67 ng/L), a value that was
not found to be significantly different from that of TnT
(P=0.088). In univariate analysis, Tnl values were found to
be significantly associated with age (r=0.39; P<0.001), sex
(r=-0.12; P=0.004), CT (r=0.22; P<0.001), LDL-C (r=0.31;
P<0.001), HDL-C (r=-0.14; P=0.002) (Figure 1), but also
with TG (r=0.09; P=0.012). However, in multivariate linear
regression analysis only age (8, 0.32; P<0.001) and HDL-C
(B, -7.29; P=0.010) were found to be significant predictors
of Tnl values. The combination of age and HDL-C value
explained approximately 28% of the overall variability of
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Tnl concentration (P<0.001).

Discussion

The role of cardiac troponins has now been firmly
established for diagnosing ACS (3-5). However, emerging
evidence suggests that these biomarkers, especially when
assayed with HS techniques, may help predict adverse clinical
outcomes (especially cardiovascular and total mortality)
irrespective of the presence of baseline CVD (12). Therefore,
despite the fact that the exact setting and role of cardiac
troponins remain uncertain for assessing the individual risk,
accumulating evidence suggests that their measurement
may become more widely used in clinical practice.

A number of studies previously assessed the potential
interplay between cardiac troponins and blood lipids,
providing equivocal or even controversial data. Nayak et .
obtained demographic and biochemical data of 205 patients
displaying increased Tn'T concentration at admission (13),
and showed that TnT level was a significant predictor of
TC (P<0.001), TG (P=0.003), LDL-C (P<0.001), but not of
HDL-C (P=0.095). In a rather limited number of subjects
(n=11), Ibuki et /. showed that treatment with Pitavastatin
was effective to concomitantly increase HDL-C values and
decrease Tn'T concentration, and that the relative variation
of these two parameters was significantly and inversely
correlated (r=-0.68; P<0.05) (14). At variance with this
finding, Kumar and Sathian carried out a retrospective
study including 430 patients admitted to the emergency
department with suspected cardiac ischemia, who underwent
both troponin and lipid profile testing (15). Patients with
increased T'nl values were found to have higher values of
CT, LDL-C and TG than those with normal Tnl, whereas
the concentration of HDL-C was similar between the two
study groups (39 vs. 43 mg/dL; P=0.076). More recently,
McEvoy et al. measured Tn'T in 8,571 participants of the
Atherosclerosis Risk in Communities Cohort Study (ARIC) (16),
but failed to find any significant association between increased
TnT concentration and high LDL-C [relative risk (RR), 0.99;
95% CI, 0.98-1.00] or high TG values (RR, 1.00; 95% CI,
0.99-1.00). Conversely, an inverse and marginally significant
inverse association was reported between HDL-C values
and measurable TnT concentration on follow-up (RR,
0.95; 95% CI, 0.92-0.98). In accord with these findings,
Li et al. measured Tnl in 2,529 consecutive patients
with LDL-C <70 mg/dL and normal Tnl values, who
underwent elective percutaneous coronary intervention

(PCI) (17). Interestingly, higher values of HDL-C were
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inversely associated with the risk of 5-fold post-PCI Tnl
increase (OR, 0.97; 95% CI, 0.95-0.99; P=0.017).

Taken together, the results of our study suggest that
HDL-C values inversely predict the concentration of
cardiac troponins in populations of patients admitted to
inpatient clinics for routine cardiovascular risk assessment,
irrespective of age, sex and other blood lipids (Figure 1),
whereas no statistically significant associations were found
with conventional blood lipids such as CT, LDL-C and TG
in the fully adjusted multivariate linear regression analysis.
Importantly, the combination of age and HDL-C value
explained a considerable part of both cardiac troponins
variance in blood, between 28% and 35%. This association
underpins some important biologic consequences. Since
cardiac troponins are significant predictors of total and
cardiovascular mortality, and their concentration was
found to be dependent on HDL-C values in our study,
the correction of low HDL-C values by means of lifestyle
changes (e.g., moderate physical activity) or pharmacologic
treatment should be advocated in all patients with
undesirable values (i.e., <1.0 mmol/L), regardless of their
baseline cardiovascular risk. This suggestion is supported
by recent evidence that even a small increase of HDL-C
in patients undergoing elective coronary revascularization
translates into a remarkable reduced risk of PCl-related
myocardial infarction (18). The negative association
observed between the values of HDL-C and those of
cardiac troponins thus reinforces the well-established role of
HDL-C for preventing or limiting coronary atherosclerosis
and its related complications. Another important aspect
emerging from our study is that the reference range and the
relative URL of cardiac troponins may be different between
patients with desirable or decreased HDL-C values, as
well as between elderly and younger patients. It is hence
reasonable to suggest conventional population-based cut-
offs for diagnosing ACS using cardiac troponins should
be abandoned, in favor of lower thresholds, accurately
validated in well-designed clinical studies (19-20).

Conclusions

Indeed, the lack of clinical and therapeutic information
should be regarded as a limitation of this study. However,
the practical significance of our findings is supported by
validation of the association between the values of cardiac
troponins and those of HDL-C in two different hospitals
and including a considerable number of patients. Moreover,
irrespective of the fact that the association between
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HDL-C and cardiac troponins may be independent, or
else mediated by additional factors such as co-morbidity
or pharmacologic treatments, the interplay between these
molecules underlines that consideration should be made to
include cardiac troponins within the panel of biomarkers to
be measured for routine cardiovascular risk assessment.
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