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Background: Elevated levels of troponin are associated with future major adverse
cardiac events (MACE). Data on the prognostic value of high sensitive troponin T (hs-TnT)
compared to high sensitive troponin | (hs-Tnl) in diabetic and non-diabetic patients
are sparse.

Methods: We analyzed patients of a single-center registry undergoing coronary stenting
between 2003 and 2006. As a primary endpoint we assessed MACE, a composite of
cardiovascular death, nonfatal myocardial infarction and nonfatal stroke according to sex
and diabetes status using log-rank. As a second endpoint, we assessed the prognostic
impact of hs-TnT and hs-Tnl on MACE, adjusting for known confounders using Cox
regression analysis.

Results: Out of 818 investigated patients, 267 (32.6%) were female. Diabetes mellitus
type 2 (T2DM) was diagnosed in 206 (25.2%) patients.

After a mean follow-up of 6.6 4 3.7 years, MACE occurred in 235 (28.7%) patients. The
primary endpoint components of cardiovascular death occurred in 115 (14.1%) patients,
Ml in 75 (9.2%), and ischemic stroke in 45 (5.5%). Outcomes differed significantly
according to sex and diabetes status (p = 0.003). In descending order, MACE rates were
as follows: female diabetic patients (40.8%), female non-diabetic patients (32.7%), male
diabetic patients (28.9%), and male non-diabetic patients (24.8%). Additionally, females
with diabetes were at higher risk of cardiovascular death compared to diabetic men
(28 vs. 15%). Hs-Tnl (HR 1.477 [95% CI 1.100-1.985]; p = 0.010) and hs-TnT (HR
1.615 [95%CI 1.111-2.348]; p = 0.012) above the 99th percentile were significantly
associated with MACE. Both assays showed tendency toward association with MACE
in all subgroups.
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Conclusion: Diabetic patients, particularly females, with known coronary artery disease
had a higher risk of subsequent MACE. Both, hs-Tnl and hs-TnT significantly correlated

with MACE.

Keywords: prediction, diabetes, percutaneous coronary intervention, acute coronary syndrome, troponin

INTRODUCTION

Diabetes has been shown to be a major risk factor for adverse
outcomes in patients with and without known coronary artery
disease (CAD) (1-3). Also, female sex has been shown to
be associated with worse outcomes compared to its male
counterparts (4, 5).

Troponin T (TnT) and I (Tnl) are unique markers of
myocardial damage and necrosis, as both are expressed only in
myocardial cells (6, 7). The use of troponin in the diagnosis
of acute coronary syndrome (ACS) is well-established, and
particularly the introduction of high-sensitivity troponin-assays
has further improved the diagnosis of ACS (6-9). Adjacent to the
clinical importance of troponin in the diagnosis of ACS, cardiac
troponin is significantly related to subsequent major adverse
cardiovascular events (MACE) (9-13). Similar findings have been
shown for patients with stable CAD (SCAD), in which elevated
levels of troponin were related to long-term MACE, although the
mechanism of chronic troponin elevation in SCAD is still matter
of debate (14). Chronic troponin elevations in SCAD patients are
related to atherosclerotic plaque burden detected by CT scan and
may reflect ongoing silent myocardial injury (15). Also, chronic
troponin elevations may reflect silent rupture of non-calcified
plaques and microembolization (16).

Estrogens have protective effects on the cardiovascular system
(17), however this effect disappears in diabetic women. Diabetic
women have been shown to be at higher risk of developing
coronary heart disease (5) and are characterized by a worse
cardiovascular risk profile (18). Especially elevated hs-Tnl levels
were shown to be significantly related to MACE, heart failure
(HF), myocardial infarction (MI), and cardiovascular mortality
in diabetic patients (19). However, there are also controversial
data reporting a missing link between the levels of TnT and
the prediction of future adverse outcomes in diabetic patients
(20). To the best of our knowledge, to date there has been no
direct comparison of hs-Tnl and hs-TnT in giving prognostic
information for diabetic men and women.

We therefore sought to assess the risk of MACE in (1)
ACS and (2) SCAD patients according to gender and diabetes
status undergoing percutaneous coronary intervention (PCI).
Moreover, we wanted to compare the prognostic value of hs-
TnT and hs-Tnl with regards to clinical outcomes in diabetic and
non-diabetic patients.

METHODS
Study Population

We analyzed patients from a prospective single-center registry
undergoing PCI and stenting between January 2003 and
December 2006. Summarized, diagnosis of ACS or SCAD was

established according to the guidelines effective at that time.
ACS patients presented either with persistent ST-segment
elevation myocardial infarction (STEMI) or non ST-elevation
acute coronary syndromes (NSTE-ACS). SCAD was defined
according to positive ischemia testing (treadmill examination,
dobutamine stress echocardiography or single-photon-emission
computed tomography). Stent type, antithrombotic regimen
and secondary-prevention therapy were at the discretion
of the treating interventionist. Laboratory results, clinical
characteristics, cardiovascular risk factors, comorbidities,
coronary morphology, and medication at hospital discharge
were collected for all patients. Diabetes mellitus type 2 was
diagnosed with the medical history of the patients, including
antidiabetic medication.

Patients in whom PCI was not successful and those not
residing in the Vienna metropolitan area were excluded from
the present analysis. The present study complies with the
Declaration of Helsinki of 1975 and was approved by the
local ethics committee for human subjects of vienna (EK 10-
046-VK_NZ). Written informed consent was obtained from all
included subjects.

Detection of Troponin

Blood samples for the detection of troponin I (Abbott Core
Laboratories) and T (Roche) were collected right before
coronary angiography, centrifuged immediately after collection
and stored at —80°C until measurement. Hs-Tnl and hs-
TnT were measured using the commercially available assays
of Abbott and Roche. The upper reference limit (99th centile)
was determined by the manufacturers as 26 ng/L (hs-Tnl) and
14 ng/L (hs-TnT).

Clinical Outcomes

The endpoint of interest was MACE defined as a composite of
cardiovascular death, non-fatal MI and non-fatal ischemic stroke.
Regional and national databases were used to ensure complete
follow-up for the entire study population.

Mortality data for all patients were obtained from the
Statistics Austria Institute. The Statistics Austria Institute is an
independent and non-profit federal public institution supporting
scientific services. Data on recurrent myocardial infarction or
ischemic stroke was obtained using the common Vienna regional
hospital database system.

Statistics

All continuous variables following normal distribution are
expressed as mean =+ standard deviation (SD) and all variables
not following normal distribution were described as median
(interquartile range [IQR]). Variables were tested for normal
distribution using the Kolmogorov-Smirnov-Liliefors test.
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Categorical variables are expressed as numbers and percentages.
Continuous variables were compared by either ANOVA or the
Kruskal-Wallis-H-test, as appropriate. x >-tests were performed
for categorical variables.

Survival curves [all patients, ACS patients, stable coronary
artery disease (SCAD) patients] were calculated using the
Kaplan-Meier method and compared using the log-rank test. Cox
proportional hazard models were applied in order to assess the
prognostic impact of hs-TnT and hs-Tnl on long-term MACE,
adjusting for known confounders (age, sex, body-mass index,
systolic blood pressure, cholesterol, HbAlc, smoking, heart
failure, eGFR). We tested the proportional hazard assumption
for all covariates using Schoenfeld residuals (overall test) and
the scaled Schoenfeld residuals (variable-by-variable testing).

According to the tests the proportional hazards assumption was
not violated.

All statistical analyses were performed with SPSS 21.0 (SPSS
Inc., Chicago, IL, USA), and R 3.4.0 (http://www.r-project.org).
All statistical tests were 2-tailed, and a p < 0.05 was required for
statistical significance.

RESULTS

Patient Population

Out of 818 investigated patients, 267 (32.6%) were female. 395
(48.3%) patients presented with SCAD. Baseline characteristics,
laboratory findings, procedural details and medication at hospital
discharge are listed in Table 1, stratified according to sex and

TABLE 1 | Baseline characteristics of the study population, N = 818.

Female Male

Variables Diabetes No diabetes Diabetes No diabetes p-value

No. =71 No. = 196 No. =135 No. =416
Hs-Troponin | (ng/L) 4,928 (9,862) 4,729 (10,432) 4,101 (9,526) 4,443 (10,751) 0.219
Hs-Troponin T (ng/L) 1,175 (2,101) 666 (1,517) 513 (1,239) 787 (1,755) 0.029
ACS vs. SCAD [%(n)] 0.047
SCAD 42% (30) 46% (91) 59% (79) 47% (195)
ACS 58% (42) 54% (105) 41% (55) 53% (221)
Age (years) 70.4 (9.9) 68.6 (13.3) 62.1(10.4) 62.6 (12.4) <0.001
BMI (kg/m?) 29.3(5.3) 26.8 (4.7) 29.8 (4.7) 27.4 (4.1) <0.001
Heart rate (beats per minute) 81.3(18.6) 70.2 (16.0) 75.4 (17.7) 71.7 (16.5) <0.001
Systolic blood pressure (mmHg) 142.9 (27.4) 138.1 (24.2) 138.7 (24.8) 140.1 (24.1) 0.621
Diastolic blood pressure (mmHg) 83.1(13.7) 77.7 (13.2) 81.7 (15.0) 82.4 (15.0) 0.005
MAGCE [%(n)] 41% (29) 33% (64) 29% (39) 25% (103) 0.001
CV death [%(n)] 28% (20) 22% (43) 15% (20) 13% (55) 0.003
Stroke [%(n)) 8% (6) 6% (12) 7% (10) 4% (18) 0.357
MI [%(n)] 11% (8) 10% (19) 10% (14) 9% (38) 0.942
Total cholesterol (mg/dl) 186 (46) 196 (42) 182 (45) 189 (46) 0.057
HDL-cholesterol (mg/dl) 45 (12) 56 (21) 41 (13) 44 (13) 0.001
LDL-cholesterol (mg/dl) 103 (33) 115 (38) 100 (36) 114.9 (41) 0.004
Triglycerides (mg/dl) 181 (140) 128 (75) 195 (135) 150 (91) 0.001
Glucose (mg/dl) 191.7 (88.3) 122.9 (46.5) 161.5 (64.6) 117.2 (39.1) 0.001
HbATC (%) 7.7 (1.5) 6.20 (1.6) 7.5(1.1) 5.9(0.7) 0.001
eGFR (ml/min/1,73 m?) 69 (31) 71(27) 93 (24) 85 (26) 0.001
Creatinine (mg/dl) 1.2(1.1) 0.9 (0.9 1.0(0.3 1.1(0.5) 0.001
Arterial hypertension 85.9% (61) 80.1% (157) 83.0% (112) 72.6% (302) 0.009
Hyperlipidaemia 66.2% (47) 68.4% (134) 77.0% (104) 70.9% (295) 0.280
Smoking 23.9% (17) 24.0% (47) 28.1% (28.1) 29.3% (122) 0.016
Prior myocardial infarction 31.0% (22) 18.4% (36) 32.6% (44) 21.2(88) 0.005
Peripheral artery disease 16.9% (12) 5.6% (11) 11.9% (16) 4.6% (19) <0.001
Central artery disease 5.6% (4) 5.1% (10) 9.6% (13) 4.8% (20) 0.205
Heart failure 19.7% (14) 10.2% (20) 17.0% (23) 9.1% (38) 0.010
Diabetes therapy [%(n)] 0.001
Insulin 15% (11) 10% (13)
Oral antidiabetics 60% (43) 76% (102)
Both 7% (5) . 7% (10) .
Statin 91.3% (63) 84.2% (160) 87.8% (115) 87.4% (354) 0.462
Aspirin 98.4% (70) 99.5% (195) 97.0% (131) 99.8% (415) 0.024
P2Y12 inhibitor 94.4% (64) 95.4% (187) 93.4% (126) 94.7% (394) 0.400

hs, high-sensitive; ACS, acute coronary syndrome; SCAD, stable coronary artery disease; BMI, body mass index; MACE, major adverse cardiac events; CV death, cardiovascular death;
MI, myocardial infarction; HDL-cholesterol, high-density lipoprotein cholesterol; LDL-cholesterol, low-density lipoprotein cholesterol; CK, creatin kinase; GFR , glomerular filtration rate.
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diabetes status. T2DM was diagnosed in 206 (25.2%) patients.
Patients with T2DM were characterized by higher body mass
index (BMI) and glucose profiles. In univariate correlation
analyses hs-Tnl levels were significantly associated with hs-TnT
(R=0.878,p < 0.001).

Sex-specific  differences
diabetic patients:

Female diabetic patients were older, had higher hs-TnT
levels and a higher occurrence of an ACS when compared to
male diabetic patients. Additionally they were characterized by
unfavorable glucose profiles when compared to male diabetic
patients (e.g., higher glucose and HbAlc levels). As shown in
Table 1, females with diabetes were at higher risk of MACE when
compared to male diabetic patients (41 vs. 29%) and had a higher
risk of cardiovascular death (28 vs. 15%).

between female and male

Outcome Analysis

Total Patient Cohort

After a mean follow-up of 6.6 = 3.7 years, MACE occurred
in 235 (28.7%) patients. The primary endpoint components of
cardiovascular death occurred in 115 (14.1%) patients, MI in 75
(9.2%), and ischemic stroke in 45 (5.5%). As depicted in Figure 1,
outcomes differed significantly according to sex and diabetes
status (p = 0.003). In descending order, MACE rates were as
follows: female diabetic patients (40.8%), female non-diabetic
patients (32.7%), male diabetic patients (28.9%), and male non-
diabetic patients (24.8%). Hs-Tnl (HR 1.477 [95% CI 1.100-
1.985]; p = 0.010) and hs-TnT (HR 1.615 [95%CI 1.111-2.348];
p = 0.012) above the 99th percentile were significantly associated
with MACE. Both hs-troponin assays showed a tendency toward
association with future MACE in all subgroups, as shown

in Table 2. Both models including all variables entered into the
model are depicted in Table 3.

ACS Patients

In the ACS cohort, 136 (16.6%) patients suffered from MACE.
From these, 65 (7.9%) were classified as cardiovascular death, 47
(5.7%) as non-fatal MI and 24 (2.9%) as non-fatal stroke or TIA.
As shown in Figure 2, outcomes differed significantly according
to sex and diabetes status (p = 0.0019). Neither, hs-TnI (HR 1.001
per 100 ng/l increase [95%CI 1.000-1.002]; p = 0.100) nor hs-
TnT (HR 1.007 per 100 ng/l increase [95%CI 1.000-1.015]; p =
0.066) were significantly associated with MACE.

SCAD Patients

In the SCAD cohort, 99 (12.1%) patients suffered from MACE,
attributable to 50 (6.1%) with cardiovascular death, 28 (3.4%)
with non-fatal MI and 21 (2.6%) with non-fatal stroke. As
demonstrated in Figure 3, there were no significant differences
according to sex and diabetes status (p = 0.54). In SCAD patients,
neither hs-TnI (HR 1.001 per 100 ng/l increase [95%CI 0.994—
1.007]; p = 0.889) nor hs-TnT (HR 0.999 per 100ng/] increase
[95%CI 0.920-1.067]; p = 0.804) were significantly associated
with MACE.

DISCUSSION

In our study cohort, diabetic patients with CAD undergoing PCI,
particularly females, had a higher risk of subsequent MACE over
the course of a median of 6.6 years compared to their non-
diabetic counterparts. Especially female diabetic patients were at
higher risk of developing the single end point of cardiovascular
death when compared to diabetic men.

1.00

0.75

w 1 -  Te-———— W Tt e
Q
<
=
3
2 0.50
o
Fl
E
3 Sex and diabetes status
025 = = Male without T2DM
- Male with T2DM
Female without T2DM
— Female with T2DM p=0.003
0.00 v .
0 25 5 75 10 125
Follow-up in years
Number at risk
416 363 329 155 129 25
Male with T2DM 135 123 102 49 37 7
196 168 143 70 55 1
Female with T2DM 71 52 43 16 12 2

FIGURE 1 | Kaplan-Maier survival curve for all patients stratified according to sex and diabetes status.
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Moreover, to the best of our knowledge, this is the first study
to investigate potential prognostic differences of two distinct
troponin assays comparing patients with and without T2DM, hs-
TnT, and hs-Tnl. Both assays were significantly associated with
MACE and showed a tendency toward association with MACE
in all subgroups, although did not reach statistical significance,
assumedly due to the small sample size.

TABLE 2 | Association using the 99th percentile of hs-TnT and hs-Tnl with
long-term MACE adjusted for confounders.

HR 95%CI p-value
ALL PATIENTS (818)
hs-Tnl 1.477 1.100-1.985 0.010
hs-TnT 1.615 1.111-2.348 0.012
FEMALE WITH T2DM (n = 71)
hs-Tnl 1.622 0.495-6.312 0.425
hs-TnT 2.055 0.502-8.418 0.317
MALE WITH T2DM (n = 135)
hs-Tnl 2.737 0.989-5.853 0.062
hs-TnT 2.262 0.887-5.773 0.088
FEMALE WITHOUT T2DM (n = 196)
hs-Tnl 1.561 0.879-2.773 0.129
hs-TnT 1.823 0.884-3.762 0.104
MALE WITHOUT T2DM (n = 416)
hs-Tnl 1.203 0.779-1.857 0.404
hs-TnT 1.423 0.822-2.464 0.207

Diabetes has been shown to be a major risk factor for
adverse outcomes in patients with and without known coronary
artery disease (1-3). Also, the female sex has been shown to
be associated with worse outcomes in cohorts with either high

TABLE 3 | Predictors of long-term composite MACE.

HR 95% CI p-value

FINAL MODEL

hs-Tnl 1.477 1.100-1.985 0.010
Age 1.028 1.010-1.046 0.003
Sex 0.987 0.744-1.308 0.926
BMI 0.992 0.958-1.027 0.654
HbA1c 1.179 0.988-1.407 0.067
Systolic blood pressure 1.004 0.998-1.011 0.192
eGFR 0.988 0.980-0.996 0.003
Total cholesterol 0.998 0.994-1.001 0.147
Smoking 0.836 0.661-1.059 0.138
Heart failure 1.910 1.330-2.742 <0.001
hs-TnT 1.615 1.111-2.348 0.012
Age 1.026 1.008-1.045 0.005
Sex 1.024 0.770-1.362 0.871
BMI 0.992 0.958-1.027 0.635
HbA1c 1.135 0.965-1.333 0.125
Systolic blood pressure 1.004 0.997-1.010 0.258
eGFR 0.989 0.981-0.997 0.009
Total cholesterol 0.998 0.995-1.001 0.234
Smoking 0.844 0.663-1.076 0.171
Heart failure 1.792 1.241-2.586 0.002

HR, hazard ratio; Cl, confidence interval; Hs, high-sensitive; T2DM, diabetes mellitus
type 2. The bold values are the significant p-values.

Legend: HR, hazard ratio; Cl, confidence interval; BMI, body-mass index; eGFR, estimated
glomerular filtration rate.

w
Q
<
=
L4
2
s
F]
E
3 Sex and diabetes status
0.254 = = Male without T2DM
== Male with T2DM
Female without T2DM
— Female with T2DM p=0.0019
0.00 r r .
0 25 5 75 10 125
Follow-up in years
Number at risk
221 193 174 76 61 9
Male wth T20M 55 53 42 16 12 3
105 87 73 35 27 7
Female with T2DM 42 27 20 9 5 1
FIGURE 2 | kaplan-Maier survival curve of ACS-patients stratified according to sex and diabetes status.
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0.251 = = Male without T2DM
== Male with T2DM
Female without T2DM
=~ Female with T2DM p=054
0.00 r r .
0 25 5 75 10 125
Follow-up in years
Number at risk
195 170 155 79 68 16
Male with T20M 80 70 60 33 25 4
91 81 70 35 28 4
Female with T2DM 29 25 23 7 7 1
FIGURE 3 | Kaplan-Maier survival curve of SCAD patients stratified accordong to sex and diabetes status.

risk for CAD or overt CAD compared to its male counterparts
(4, 5). In consequence, in our cohort female diabetic patients
were most prone to suffer from subsequent cardiovascular events
compared to the other subgroups. Similar results have been
published previously by Peters and Huxley, who demonstrated
a 44% greater risk of diabetic women to develop CAD and
46% greater risk for cardiovascular death compared to diabetic
men (5). Also, a recently published register-based cohort study
presented that women with type 1 diabetes are at higher risk
of developing CAD and have a higher mortality rate when
compared to male patients with type 1 diabetes. Therefore,
Rawshani et al. stated that it is important to reduce the risk
profile in type 1 diabetic women, including smoking cessation,
glycaemic control, and control of blood pressure and lipid
parameters in order to extend life expectancy and to reduce
the sex-specific differences in major adverse cardiac events in
type 1 diabetic patients (21). Thus, our results also showed
that women with T2DM are at higher risk of MACE and
cardiovascular death when compared to men with T2DM. Several
biological and healthcare system-related factors might explain
these sex-specific differences concerning the adverse outcomes
in female patients. In earlier studies, post-menopausal women
in particular have been shown to have an increased risk of
cardiovascular mortality (22). This is most likely due to the loss
of estrogen-driven athero-protective effects, an impact which is
even more pronounced in presence of T2DM (17). Additionally
it has been demonstrated that diabetic women have an increase
in endothelin-1 and oxidative stress, known factors related
to enhanced atherosclerosis and thrombotic risk. Diminished
collateral vessel development has also been described in women
with T2DM (23). Moreover, the incidence of atypical symptoms
of CAD is higher in women compared to men, leading to delays

in diagnosis and treatment of CAD, known effectors of adverse
outcomes, particularly in the case of ACS (24, 25). Furthermore,
during coronary intervention women have higher risk of bleeding
complications (26, 27). Also, poorer risk factor control, i.e., in
case of arterial hypertension, compared to male patients has been
reported (28). In patients with acute chest pain, Tnl or TnT
are established markers for diagnosing ACS (8). Both molecules
are components of the contractile apparatus of cardiomyocytes
with unique functions. Traditionally, TnT and Tnl have been
considered markers of myocardial necrosis, but recent studies
have also shown small levels circulating in patients with SCAD
(29). Studies suggest that factors influencing chronic troponin
elevation may differ between hs-TnT and hs-Tnl and describe
only a moderate correlation between these assays (30). In order
to further enhance early diagnosis of ACS, high-sensitivity assays
have been introduced, even allowing detection of very low levels
of circulating troponin (9, 31). Further, detectable levels of these
hs-Tn assays have been shown to be associated with adverse
outcomes not only in ACS but also in SCAD (30). Albeit being
associated with adverse outcomes, the introduction of hs-assays
in ACS populations have so far not led to an additional reduction
of adverse outcomes when compared with the contemporary
assays (13).

Little is known about potential differences in chronic release
and degradation patterns with possible prognostic impact,
particularly in the field of diabetes. To the best to our knowledge,
we are the first to compare possible sex-specific differences of hs-
TnT and hs-Tnl on prognostic impact in patients with or without
diabetes and known CAD. We demonstrate that although overall
not significant, both assays at least showed a tendency toward
association with MACE. Recently, Everett et al. investigated the
prognostic impact of cardiovascular outcomes in diabetic women
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without CAD and could demonstrate that hs-TnT is effective in
providing prognostic information on CVD events (10). Other
studies which investigated diabetic patients without CAD also
showed that hs-Tnl is a robust predictor of clinical outcomes
and demonstrated that increased levels of hs-Tnl are related
to an increased risk of MACE, heart failure and cardiovascular
mortality in diabetic patients (11). However, as we only included
patients with known CAD undergoing PCI, the comparability
is limited.

LIMITATIONS

The present investigation should be interpreted with the
following limitations in mind: in order to reduce heterogeneity
in our cohort these results were derived from a single-center
patient population undergoing PCIL. Therefore, our results cannot
be extrapolated to patients with CAD treated medically or with
failed PCI and those who underwent surgical revascularization.
Furthermore, both assays were investigated at a single time-point
during index hospitalization before stent implantation. Temporal
changes after PCI and, moreover, initiation of antiplatelet therapy
might have influenced our results. Finally, the diagnosis of
diabetes was evaluated using the medical history and not by

REFERENCES

1. Mathew V, Gersh BJ, Williams BA, Laskey WK, Willerson JT, Tilbury
RT, et al. Outcomes in patients with diabetes mellitus undergoing
percutaneous coronary intervention in the current era: a report from
the Prevention of REStenosis with Tranilast and its Outcomes (PRESTO)
trial. Circulation. (2004) 109:476-80. doi: 10.1161/01.CIR.0000109693.
64957.20

2. De Luca G, Dirksen MT, Spaulding C, Kelbaek H, Schalij M, Thuesen L,
et al. Impact of diabetes on long-term outcome after primary angioplasty:
insights from the DESERT cooperation. Diabetes Care. (2013) 36:1020-5.
doi: 10.2337/dc12-1507

3. Donahoe SM, Stewart GC, McCabe CH, Mohanavelu S, Murphy SA, Cannon
CP, et al. Diabetes and mortality following acute coronary syndromes. JAMA.
(2007) 298:765-75. doi: 10.1001/jama.298.7.765

4. Berger JS, Elliott L, Gallup D, Roe M, Granger CB, Armstrong PW, et al. Sex
differences in mortality following acute coronary syndromes. JAMA. (2009)
302:874-82. doi: 10.1001/jama.2009.1227

5. Peters SA, Huxley RR, Woodward M. Diabetes as risk factor for
incident coronary heart disease in women compared with men: a
systematic review and meta-analysis of 64 cohorts including 858,507
individuals and 28,203 coronary events. Diabetologia. (2014) 57:1542-51.
doi: 10.1007/s00125-014-3260-6

6. Shah AS, Griffiths M, Lee KK, McAllister DA, Hunter AL, Ferry AV, et al.
High sensitivity cardiac troponin and the under-diagnosis of myocardial
infarction in women: prospective cohort study. BMJ. (2015) 350:g7873.
doi: 10.1136/bmj.g7873

7. Keller T, Zeller T, Peetz D, Tzikas S, Roth A, Czyz E, et al
Sensitive troponin I assay in early diagnosis of acute myocardial
infarction. N Engl ] Med. (2009) 361:868-77. doi: 10.1056/NEJMo0a090
3515

8. Thygesen K, Alpert JS, Jaffe AS, Simoons ML, Chaitman BR, White HD,
et al. Third universal definition of myocardial infarction. Eur Heart J. (2012)
33:2551-67. doi: 10.1093/eurheartj/ehs184

9. Odgqvist M, Andersson PO, Tygesen H, Eggers KM, Holzmann MJ. High-
sensitivity troponins and outcomes after myocardial infarction. J] Am Coll
Cardiol. (2018) 71:2616-24. doi: 10.1016/j.jacc.2018.03.515

oral glucose tolerance test and no data on diabetes duration
are available.

CONCLUSION

Diabetic patients, particularly female patients, with known
coronary artery disease had a higher risk for subsequent MACE
over the course of a median of 6.6 years compared to their
non-diabetic counterparts. Overall both, hs-Tnl and hs-TnT
significantly correlated with MACE. Especially the results of the
present study which showed that women with T2DM are at
higher risk of MACE and cardiovascular death when compared
to men with T2DM, have clinical relevance. Therefore, especially
the high risk population of T2DM diabetic women should be
screened more commonly and the risk profiles, including lipid
parameters, glycaemic control or arterial hypertension should be
treated more strictly and in accordance with the guidelines.

AUTHOR CONTRIBUTIONS

ML, MT, and SF performed statistical analysis and calculations.
ML and MT wrote the manuscript. All authors reviewed and
edited the manuscript.

10. Everett BM, Cook NR, Magnone MC, Bobadilla M, Kim E, Rifai
N, et al cardiac troponin T assay and the risk of
incident cardiovascular disease in women with and without diabetes
mellitus: the Women’s Health Study. Circulation. (2011) 123:2811-8.
doi: 10.1161/CIRCULATIONAHA.110.009928

11. Yiu KH, Lau KK, Zhao CT, Chan YH, Chen Y, Zhen Z, et al. Predictive value
of high-sensitivity troponin-I for future adverse cardiovascular outcome in
stable patients with type 2 diabetes mellitus. Cardiovasc Diabetol. (2014) 13:63.
doi: 10.1186/1475-2840-13-63

12. Haaf P, Reichlin T, Twerenbold R, Hoeller R, Rubini Gimenez M, Zellweger
C, et al. Risk stratification in patients with acute chest pain using three
high-sensitivity cardiac troponin assays. Eur Heart J. (2014) 35:365-75.
doi: 10.1093/eurheartj/eht218

13. Shah ASV, Anand A, Strachan FE, Ferry AV, Lee KK, Chapman AR, et al.
High-sensitivity troponin in the evaluation of patients with suspected acute
coronary syndrome: a stepped-wedge, cluster-randomised controlled trial.
Lancet. (2018) 392:919-28. doi: 10.1016/S0140-6736(18)31923-8

14. Eisen A, Bonaca MP, Jarolim P, Scirica BM, White HD, Tendera M, et al.
High-sensitivity troponin I in stable patients with atherosclerotic disease
in the TRA 2 degrees P - TIMI 50 Trial. Clin Chem. (2017) 63:307-15.
doi: 10.1373/clinchem.2016.264788

15. Laufer EM, Mingels AM, Winkens MH, Joosen IA, Schellings MW,
Leiner T, et al. The extent of coronary atherosclerosis is associated with
increasing circulating levels of high sensitive cardiac troponin T. Arterioscler
Thromb Vasc Biol. (2010) 30:1269-75. doi: 10.1161/ATVBAHA.109.
200394

16. Korosoglou G, Lehrke S, Mueller D, Hosch W, Kauczor HU, Humpert PM,
et al. Determinants of troponin release in patients with stable coronary
artery disease: insights from CT angiography characteristics of atherosclerotic
plaque. Heart. (2011) 97:823-31. doi: 10.1136/hrt.2010.193201

17. Mendelsohn ME, Karas RH. The protective effects of estrogen
on the cardiovascular system. N Engl ] Med. (1999) 340:1801-11.
doi: 10.1056/NEJM199906103402306

18. Kautzky-Willer A, Kamyar MR, Gerhat D, Handisurya A, Stemer G, Hudson
S, et al. Sex-specific differences in metabolic control, cardiovascular risk, and
interventions in patients with type 2 diabetes mellitus. Gend Med. (2010)
7:571-83. doi: 10.1016/j.genm.2010.12.001

Sensitive

Frontiers in Endocrinology | www.frontiersin.org

March 2019 | Volume 10 | Article 105


https://doi.org/10.1161/01.CIR.0000109693.64957.20
https://doi.org/10.2337/dc12-1507
https://doi.org/10.1001/jama.298.7.765
https://doi.org/10.1001/jama.2009.1227
https://doi.org/10.1007/s00125-014-3260-6
https://doi.org/10.1136/bmj.g7873
https://doi.org/10.1056/NEJMoa0903515
https://doi.org/10.1093/eurheartj/ehs184
https://doi.org/10.1016/j.jacc.2018.03.515
https://doi.org/10.1161/CIRCULATIONAHA.110.009928
https://doi.org/10.1186/1475-2840-13-63
https://doi.org/10.1093/eurheartj/eht218
https://doi.org/10.1016/S0140-6736(18)31923-8
https://doi.org/10.1373/clinchem.2016.264788
https://doi.org/10.1161/ATVBAHA.109.200394
https://doi.org/10.1136/hrt.2010.193201
https://doi.org/10.1056/NEJM199906103402306
https://doi.org/10.1016/j.genm.2010.12.001
https://www.frontiersin.org/journals/endocrinology
https://www.frontiersin.org
https://www.frontiersin.org/journals/endocrinology#articles

Leutner et al.

Predictive Value of Troponin | and T in Diabetes

19.

20.

21.

22.

23.

24.

25.

26.

Rubini Gimenez M, Twerenbold R, Reichlin T, Wildi K, Haaf P, Schaefer M,
et al. Direct comparison of high-sensitivity-cardiac troponin I vs. T for the
early diagnosis of acute myocardial infarction. Eur Heart J. (2014) 35:2303-11.
doi: 10.1093/eurheartj/ehu188

Peters SA, Huxley RR, Woodward M. Diabetes as a risk factor for stroke
in women compared with men: a systematic review and meta-analysis of
64 cohorts, including 775,385 individuals and 12,539 strokes. Lancet. (2014)
383:1973-80. doi: 10.1016/50140-6736(14)60040-4

Rawshani A, Sattar N, Franzen S, Rawshani A, Hattersley AT, Svensson AM,
et al. Excess mortality and cardiovascular disease in young adults with type 1
diabetes in relation to age at onset: a nationwide, register-based cohort study.
Lancet. (2018) 392:477-86. doi: 10.1016/50140-6736(18)31506-X

Rosano GM, Vitale C, Marazzi G, Volterrani M. Menopause and
cardiovascular disease: the evidence. Climacteric. (2007) 10(Suppl. 1):19-24.
doi: 10.1080/13697130601114917

Kautzky-Willer A, Harreiter J, Pacini G. Sex and gender differences in risk,
pathophysiology and complications of type 2 diabetes mellitus. Endocr Rev.
(2016) 37:278-316. doi: 10.1210/er.2015-1137

Diercks DB, Owen KP, Kontos MC, Blomkalns A, Chen AY, Miller C,
et al. Gender differences in time to presentation for myocardial infarction
before and after a national women’s cardiovascular awareness campaign:
a temporal analysis from the Can Rapid Risk Stratification of Unstable
Angina Patients Suppress ADverse Outcomes with Early Implementation
(CRUSADE) and the National Cardiovascular Data Registry Acute Coronary
Treatment and Intervention Outcomes Network-Get with the Guidelines
(NCDR ACTION Registry-GWTG). Am Heart J. (2010) 160:80-7 e3.
doi: 10.1016/j.ahj.2010.04.017

De Luca G, Suryapranata H, Ottervanger JP, Antman EM. Time delay
to treatment and mortality in primary angioplasty for acute myocardial
infarction: every minute of delay counts. Circulation. (2004) 109:1223-5.
doi: 10.1161/01.CIR.0000121424.76486.20

Numasawa Y, Kohsaka S, Miyata H, Noma S, Suzuki M, Ishikawa S,
et al. Gender differences in in-hospital clinical outcomes after percutaneous
coronary interventions: an insight from a Japanese multicenter registry. PLoS
ONE. (2015) 10:e0116496. doi: 10.1371/journal.pone.0116496

27.

28.

29.

30.

31.

Rao SV, McCoy LA, Spertus JA, Krone RJ, Singh M, Fitzgerald S, et al.
An updated bleeding model to predict the risk of post-procedure bleeding
among patients undergoing percutaneous coronary intervention: a report
using an expanded bleeding definition from the National Cardiovascular
Data Registry CathPCI Registry. JACC Cardiovasc Interv. (2013) 6:897-904.
doi: 10.1016/j.jcin.2013.04.016

Gu Q, Burt VL, Paulose-Ram R, Dillon CF. Gender differences in
hypertension treatment, drug utilization patterns, and blood pressure control
among US adults with hypertension: data from the National Health and
Nutrition Examination Survey 1999-2004. Am ] Hypertens. (2008) 21:789-98.
doi: 10.1038/2ajh.2008.185

Omland T, de Lemos JA, Sabatine MS, Christophi CA, Rice MM, Jablonski KA,
et al. A sensitive cardiac troponin T assay in stable coronary artery disease. N
Engl ] Med. (2009) 361:2538-47. doi: 10.1056/NEJM0a0805299

Omland T, Pfeffer MA, Solomon SD, de Lemos JA, Rosjo H, Saltyte Benth J,
et al. Prognostic value of cardiac troponin I measured with a highly sensitive
assay in patients with stable coronary artery disease. ] Am Coll Cardiol. (2013)
61:1240-9. doi: 10.1016/j.jacc.2012.12.026

Apple FS, Ler R, Murakami MM. Determination of 19 cardiac
troponin I and T assay 99th percentile values from a common
presumably healthy population. Clin  Chem. (2012) 58:1574-81.
doi: 10.1373/clinchem.2012.192716

Conflict of Interest Statement: The authors declare that the research was
conducted in the absence of any commercial or financial relationships that could
be construed as a potential conflict of interest.

Copyright © 2019 Leutner, Tscharre, Farhan, Taghizadeh Waghefi, Harreiter, Vogel,
Tentzeris, Szekeres, Fritzer-Szekeres, Huber and Kautzky-Willer. This is an open-
access article distributed under the terms of the Creative Commons Attribution
License (CC BY). The use, distribution or reproduction in other forums is permitted,
provided the original author(s) and the copyright owner(s) are credited and that the
original publication in this journal is cited, in accordance with accepted academic
practice. No use, distribution or reproduction is permitted which does not comply
with these terms.

Frontiers in Endocrinology | www.frontiersin.org

March 2019 | Volume 10 | Article 105


https://doi.org/10.1093/eurheartj/ehu188
https://doi.org/10.1016/S0140-6736(14)60040-4
https://doi.org/10.1016/S0140-6736(18)31506-X
https://doi.org/10.1080/13697130601114917
https://doi.org/10.1210/er.2015-1137
https://doi.org/10.1016/j.ahj.2010.04.017
https://doi.org/10.1161/01.CIR.0000121424.76486.20
https://doi.org/10.1371/journal.pone.0116496
https://doi.org/10.1016/j.jcin.2013.04.016
https://doi.org/10.1038/ajh.2008.185
https://doi.org/10.1056/NEJMoa0805299
https://doi.org/10.1016/j.jacc.2012.12.026
https://doi.org/10.1373/clinchem.2012.192716
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/endocrinology
https://www.frontiersin.org
https://www.frontiersin.org/journals/endocrinology#articles

	A Sex-Specific Analysis of the Predictive Value of Troponin I and T in Patients With and Without Diabetes Mellitus After Successful Coronary Intervention
	Introduction
	Methods
	Study Population
	Detection of Troponin
	Clinical Outcomes
	Statistics

	Results
	Patient Population
	Outcome Analysis
	Total Patient Cohort
	ACS Patients
	SCAD Patients


	Discussion
	Limitations
	Conclusion
	Author Contributions
	References


