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Abstract
Background: Based on the complex pathophysiology of type 2 diabetes and atherosclerosis we
hypothesized a dynamic change in prognostic value of cardiovascular biomarkers over time.
Methods: In this prospective study 746 patients with type 2 diabetes mellitus, being followed up for 60
months were analysed. The primary endpoint was defined as unplanned hospitalization for
cardiovascular disease or death. Beside others, especially the prognostic performance of the biomarkers
of interest (GDF-15, NT-proBNP, hs-TnT) was evaluated in relation to quartiles of diabetesduration.
Results: In patients having a diabetes duration below 7 years lnGDF-15 (HR 2.84; p < 0.01) and lnhs-TnT
(HR 2.96; p<0.01) were significant predictors of the primary endpoint. LnAge (HR 40.11; p < 0.01) and
lnNT-proBNP (HR 1.61; p <0.01) were significant predictors in patients with a diabetes duration between 7
and 12 years. In the third quartile (diabetes duration 12-22 years) lnAge (HR 13.09; p =0.041), urinary
albumin to creatinine ratio (HR 2.74; p = 0.001) and lnNT-proBNP (HR 1.81, p < 0.001) predicted the
endpoint. In patients with a diabetes duration above 22 years, lnAge (HR 50.79; p = 0.002) and lnNTproBNP (HR 2.1; p < 0.01) were the only significant predictors of the endpoint.
Conclusion: Prognostic power of cardiovascular biomarkers changes dynamically in relation to duration
of type 2 diabetes mellitus. In patients with shorter duration of the disease markers of subclinical
cardiovascular dysfunction and inflammation perform better than markers of systemic advanced organ
dysfunction and cardiovascular disease.

Background
Cardiovascular disease remains a leading cause of mortality in patients with diabetes mellitus 1.
Results of major cardiovascular outcome studies have impressively demonstrated that comprehensive
inclusion criteria selecting special patient cohorts are the corner stone for demonstrating substance
specific cardiovascular effects 2–4.
In these studies patient selection was exclusively based on demographic criteria and classical
cardiovascular risk factors with level of evidence C, consequently resulting in a relatively imprecise
estimation of true absolute cardiovascular risk.
Cardiac blood biomarkers, especially N-terminal-pro-B-type natriuretic peptide (NT-proBNP) has come to
our attention in this setting 5–7. Beside registries also in large randomized trials NT-proBNP is already
tested in regard of risk estimation and treatment response (SAVOR-TIMI, EXAMINE). Despite promising
results only few guidelines recommend using NT-proBNP in this setting 8. Combining prognostic
information of different biomarkers is superior to classical cardiovascular risk calculators in a primary as
well as in a secondary prevention setting 9.
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Beside NT-proBNP, high-sensitive troponin-t (hs-TnT) and Growth differentiation factor 15 (GDF-15) seem
to be the most promising ones for additive value. Reflecting different pathophysiological pathways of
atherosclerosis these markers provide an independent additional prognostic value with considerable net
reclassification indices 10, 11.
The heterogenity combined with the complex pathophysiology of diabetes and heart disease might also
affect the predictive value of cardiovascular biomarkers interacting with other clinical cofactors 12, 13.
Results of almost every major biomarker study are based on a single measurement of the markers of
interest. However several studies have shown that there is a dynamic change of different biomarkers
even during short follow up which might tremendously affect the predictive power of the biomarkers over
time 14, 15. Moreover, it is hypothesized, that cardiovascular events are a function of diabetes duration,
which also might be reflected in the predictive power of biomarkers.
We hypothesized that there is a dynamic change in the predictive value of biomarkers as well as classical
cardiovascular risk factors over time. In this study we aimed to evaluate the changing prognostic impact
of the most important cardiovascular biomarkers and risk factors in relation to diabetes duration.

Methods

Design
Patients with diabetes mellitus type 2 attending the diabetes outpatient clinics of Vienna’s General
Hospital and Hietzing Hospital Vienna were consecutively included. All data and blood samples were
obtained at this visit. Adhering to the guidelines of American Diabetes Association the diagnosis of
diabetes was based on fasting glucose or a pathological oral glucose tolerance test. This prospective
observational study was approved by the Ethics committees of the Medical University of Vienna and
Hietzing Hospital Vienna and guided according to the declaration of Helsinki and its amendments. All
patients gave written informed consent. Since this study was designed as an observational registry
unwillingness to participate was the only exclusion criterion. At inclusion, beside lab samples a complete
medical history including the duration of diabetes, presence of any cardiovascular and other diseases
was recorded. An electrocardiogram was performed and analysed for abnormalities.

Analytical Methods
At index time blood was drawn from an antecubital vein. Parameters including lipid values, liver enzymes,
creatinine, blood urea nitrogen, HbA1c and plasma glucose were analysed in a certified laboratory. NTproBNP was measured using the Cobas H232 system, with intra – and interessay CVs of < 15% at
60‑1200 pg/mL and < 20% at 1200‑9000 pg/mL.
hs-TnT was measured with the Elecsys Assay by Roche Diagnostics (Rotkreuz, Switzerland). As described
by the manufacturer in the assay kit (Roche Diagnostics), the inter-assay CV (coefficient of variation) was
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8% at 10 ng/l and 2.5% at 100 ng/l. The intra-assay CV was 5% at 10 ng/l and 1% at 100 ng/l.
GDF-15 was measured using a sandwich ELISA kit (Roche Diagnostics Rotkreuz Switzerland) with intraand interassay CVs of 4.9% at 445 ng/l, 3.8% at 1664 ng/l and 3.3% at 4880 ng/l. All biomarkers were
analyzed in the same laboratory. GDF-15 and hs-TnT were measured collectively with the same kit,
whereas NT-proBNP was measured by the POC-System at index time.

Endpoint
The primary endpoint was defined as a composite endpoint of unplanned hospitalization for
cardiovascular causes or all cause mortality. Unplanned hospitalization for cardiovascular causes was
defined as an admission based on acute coronary syndrome -myocardial infarction, decompensation
based on heart failure, clinical worsening based on arrhythmia (atrial fibrillation, higher degree bundle
branch block or ventricular tachycardia), stroke/TIA, critical leg perfusion based on peripheral arterial
occlusive disease or venous thrombosis. Unplanned hospitalization for cardiovascular causes and allcause mortality were also analysed separately in a second step as two different secondary endpoints.
Hospitalization and mortality data were obtained from the regional hospital data network. Information
about hospitalization for cardiac events was obtained from hospital files by a cardiologist who was
unaware of the results. Median follow up was 60.0 (IQR 60.0–60.0) months.

Statistical Analysis
Continuous variables are expressed as means + standard deviation, skewedly distributed variables are
presented as medians (interquartile range); categorical variables are presented as frequencies and
percentages. Sample size calculation was based on an expected log hazard ratio of 0.5 and an expected
event rate of 10%. For alpha 0.05 and power 0.9 sample size of 600 patients was obtained. To analyse
the predictive value of the biomarkers (NT-proBNP, GDF-15 and Troponin T) in relation to the duration of
diabetes mellitus, the collective was split according to quartiles of diabetes duration (Quartile 1: < 7 years,
Quartile 2: 7–12 years, Quartile 3: 12–22 years and Quartile 4: > 22 years). Cox regression analysis using
a stepwise forward approach including the variables lnage, lneGFR, lnLDL – cholesterol, urinary albumin
to creatinine ratio, lnNT-proBNP, lnGDF-15 and lnhsTroponin-t were run for the primary endpoint
(Unplanned hospitalization for cardiovascular causes and all-cause mortality) and the secondary
endpoints (Unplanned hospitalization for cardiovascular causes, all-cause mortality).

Results
The final analysis was performed in 746 patients (420 male 56.3% and 326 female 43.7%). Ischemic
heart disease has previously been diagnosed in 84 patients (11.2%). Median eGFR was 72.7 (61.5–85.3)
ml/min/1.73 m2 and median urinary albumin to creatinine ratio was 6.7 mg/g (3.1–22.2). Hypertension
was prevalent in 508 (68%) patients. In total 408 (54.7%) patients were treated with either an ACEinhibitor or an Angiotensin Receptor Blocker. A total of 203 patients (27.2%) had a beta-blocker included
in their therapeutic regimen. Diuretics were prescribed in 230 (30.8%) patients, while treatment with a
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calcium channel blocker was documented in 111 (14.9%) patients. Statins were used in 317 (42.5%)
patients.
339 (45.4%) patients were on metformin therapy, 196 (26.3%) patients had a sulfonylurea included in
their glucose lowering therapy and 508 (68%) patients were treated with insulin. In total 408 (54.7%)
patients had a combination of insulin therapy and an oral glucose lowering agent. Pioglitazone was
prescribed in 25 (3.4%) patients. Demographic data according to the quartiles of diabetes duration are
presented in Table 1.
Table 1
Demographic parameters in relation to diabetes duration
Variable

Diabetes
duration

Diabetes
duration

Diabetes
duration

Diabetes
duration

< 7 years

7–12 years

12–22 years

> 22 years

Age (years)

57 ± 13*

60 ± 13*

63 ± 13*

62 ± 13*

eGFR (MDRD)

78.16 ± 18.00*

72.58 ± 18.78*

69.45 ± 17.01*

71.75 ± 17.6*

LDL (mg/dl)

110 ± 30*

103 ± 27*

103 ± 26*

103 ± 28*

HbA1c (%)

6.8 ± 1.3*

7.2 ± 1.2*

7.4 ± 1.2*

7.4 ± 1.1*

Albumin/Creat Ratio
mg/g

63 ± 276

99 ± 431

108 ± 383

83 ± 316

Systolic Blood Pressure

144 ± 24

144 ± 21

147 ± 25

142 ± 24

Diast.Blood Pressure

83 ± 12*

81 ± 10*

80 ± 11*

78 ± 12*

NT-proBNP (pg/ml)

150 ± 260*

182 ± 354*

246 ± 453*

193 ± 367*

hsTnT (pg/ml)

10 ± 10*

11 ± 10

12 ± 9*

10 ± 10*

GDF-15 (ng/L)

1834 ± 2097

1785 ± 1261

1893 ± 1198

1465 ± 983

* Significant difference in relation to quartiles of diabetes duration

Event rates
During a median follow up of 60 months 171 patients (22.9%) reached the primary endpoint (composite
of unplanned hospitalitation for cardiovascular causes or all cause mortality) Among the quartiles of
diabetes duration there was no significant difference in event rates. Results of all endpoints (primary
endpoint and secondary endpoints) are shown in in Table 2.
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Table 2
Event Rates, Primary Endpoint, Secondary Endpoints
Quartile 1
(n = 200)

Quartile 2
(n = 190)

Quartile 3
(n = 176)

Quartile
4
(n =
180)

Duration of Diabetes (years)

< 7 years

7–12 years

12–
22 years

>
22 years

Primary Endpoint:

43 (21.5%)

44 (23.2%)

45 (25.6%)

39
(21.7%)

31 (15.5%)

29 (15.3%)

36 (20.5%)

29
(16.1%)

17 (8.5%)

18 (9.5%)

16 (9.1%)

18
(10.0%)

Hospitalization for cardiovascular cause
or all-cause mortality
Secondary Endpoint:
Hospitalization for cardiovascular causes
Secondary Endpoint:
All cause mortality

Predictive value of biomarkers according to duration of
diabetes
In univariate Cox regression models lnNT-proBNP, lnhs-TnT, and lnGDF-15 were significant predictors of
the primary endpoint in relation to quartiles of diabetes duration (Table 3).
Table 3
Final models of the stepwise Cox regression models of the
total population
Variable

Hazard Ratio

CI

p-Value

lnNT-proBNP

1.53

1.30–1.80

p < 0.01

lnGDF-15

1,54

1.13–2.09

p = 0.006

lnhs-Tnt

3.81

2.08–6.99

p < 0.01

lnage

38.86

2.01–518.41

p = 0.006

Total Cohort

The predictive power of the different cardiovascular biomarkers changes in relation to diabetes duration
for the primary endpoint and for the prespecified secondary endpoints (unplanned hospitalization for
cardiovascular causes, all-cause mortality) (Table 4).
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Table 4
Predictors of the primary endpoint (composite endpoint of unplanned hospitalization for cardiovascular
causes and all cause mortality) and the secondary endpoints
Endpoint

Primary Endpoint unplanned
hospitalization for cardiovascular
causes and all cause mortality

Diabetes
Duration
Quartile 1

Diabetes
Duration
Quartile 2

Diabetes
Duration
Quartile 3

Diabetes
Duration
Quartile 4

< 7 years

7–12 years

12–22 years

> 22 years

(n = 200)

(n = 190)

(n = 176)

(n = 180)

lnGDF-15

lnAge

lnAge

lnAge

(HR 2.84;
CI 1.8–4.5;
p = 0.001

(HR 40.11; CI
4.5-355.7; p
= 0.01)

(HR 13.09; CI
1.12–155.43; p
= 0.041)

(HR 50.79; CI
4.34–593.87;
p = 0.002)

lnhs-TnT

lnNT-proBNP

lnNT-proBNP

lnNT-proBNP

(2.96; CI
2.1–4.3; p
= 0.001)

(HR 1.61; CI
1.22–2.14; p
= 0.01)

(HR 1.81; CI
1.37–2.40; p =
0.001)

(HR 2.10; CI
1.56–2.83; p
= 0.001)

UACR
(HR 2.74; CI
1.51–4.97 ; p =
0.001)
Secondary Endpoint unplanned
hospitalization for cardiovascular
causes

lnNTproBNP

lnNT-proBNP

lnNT-proBNP

lnNT-proBNP

(HR 1.78; CI
1.30–2.50; p
= 0.001)

(HR 2.05; CI
1.54–2.71; p =
0.001)

(HR 2.10; CI
1.49–2.98; p
= 0.001)

lnhs-TnT

lnAge

UACR

lnAge

(HR 2.47;
CI 1.55–
3.93; p =
0.001)

(HR 17.52; CI
1.40–
218.92; p =
0.026)

(HR 3.28; CI
1.67–6.47; p =
0.001)

(HR 85.67; CI
4.46–
1643.87; p =
0.001)

Secondary Endpoint

lnGDF-15

lnGDF-15

lnNT-proBNP

lnNT-proBNP

all cause mortality

(HR 5.12;
CI 2.64–
9.90; p =
0.001)

(HR 2.88; CI
1.23–6.76; p
= 0.015)

(HR 2.16; CI
1.36–3.44; p =
0.001)

(HR 2.01; CI
1.26–3.20; p
= 0.003)

(HR 2.00;
CI 1.29–
3.12; p =
0.002)

* all models adjusted for lnage, lneGFR, lnLDL – cholesterol, urinary albumin to creatinine ratio, lnNTproBNP, lnGDF-15 and lnhs-Troponin-T
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Endpoint

Diabetes
Duration
Quartile 1

Diabetes
Duration
Quartile 2

Diabetes
Duration
Quartile 3

Diabetes
Duration
Quartile 4

< 7 years

7–12 years

12–22 years

> 22 years

(n = 200)

(n = 190)

(n = 176)

(n = 180)

lnAge

lnAge

lnAge

(HR 166.24;
CI 3.15–
8788.03; p =
0.012)

(HR 19770.23;
CI 86.52–
4517595,11; p
= 0.001)

(HR 692.18;
CI 9.47–
50611.27; p =
0.003)

* all models adjusted for lnage, lneGFR, lnLDL – cholesterol, urinary albumin to creatinine ratio, lnNTproBNP, lnGDF-15 and lnhs-Troponin-T

Discussion
Our first unexpected result revealed that neither hospitalization for cardiovascular causes nor all cause
mortality are a function of diabetes duration.
Despite this unexpected finding the prognostic value of cardiovascular biomarkers changes dynamically
in relation to duration of type 2 diabetes mellitus, which implies that pathophysiology of cardiovascular
events changes over time.
In patients with a diabetes duration below 7 years GDF-15 and hs-TnT are the best predictors of the
composite endpoint of unplanned hospitalization for cardiovascular causes and all cause mortality.
In patients with longstanding type 2 diabetes (diabetes duration > 7 years) age and NT-proBNP are
throughout the best predictors of the composite endpoint, whereas GDF-15 and hs-TnT have lost their
prognostic value.
Unplanned hospitalization for cardiovascular causes and all-cause mortality were also analysed
separately as two different secondary endpoints, providing additional interesting information. Regarding
unplanned hospitalization for cardiovascular causes NT-proBNP was the only neurohumoral biomarker
being predictive in all classes of diabetes duration. This extreme stability confirms the clinical value of
this parameter.
Considering all cause mortality GDF-15 remained a stable marker for the earlier phase of diabetes until
NT-proBNP gets superiority to predict mortality after 12 years of diabetes duration.
From a pathophysiological point of view NT-proBNP reflects volume and pressure overload in a failing
heart. All stages from subclinical cardiovascular dysfunction to advanced stages of heart disease and
heart failure can be detected with increasing blood levels depending of the severity of alterations.
Tremendous increases can be seen in situations with acute volume or pressure overload of the ventricles.
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This mainly occurs when cardiac function worsens acutely and might explain the predictive power to
detect cardiac hospitalizations better than other neurohormones. Moreover BNP and NT-proBNP are also
induced by inflammation and interact directly with glucose metabolism 16. Many data suggest that NTproBNP is a mediator of gluco-inflammatory myocardial crosstalk in diabetes, which also explains the
high and independent predictive power of this peptide 17.
GDF-15 is a cytokine expressed in adipocytes physiologically decreasing food intake, body weight and
adiposity. There is a clear correlation of GDF-15 with body mass index, body fat, glucose and C-reactive
protein making it an attractive biomarker in diabetes. From a cardiovascular point of view, GFD-15 works
as a stress responsive cytokine expressed also in cardiomyocytes and vascular smooth muscle cells.
Unlike NT-proBNP, GDF-15 is primarily a marker of inflammation fibrosis, cell injury and atherosclerosis 18,
19

. These malignant three are the main trigger of progression of cardiac disease. Thus high GDF-15 might
reflect the activity of cardiac processes leading to myocardial or coronary dysfunction. Elevated levels of
GDF-15 can already be seen in early hypertension, when hypertrophy occurs 20 but also fuels
atherosclerosis by inflammatory processes 21, 22 whereas NT-proBNP reflects the severity. Heart failure
with preserved ejection fraction (HFpEF) which is mainly based on fibrosis is a common cardiac disease
in patients with diabetes. Even here GDF-15 appears to be a significant biomarker of the disease 23.
It can be speculated that the complementary effect of GDF-15 in early diabetes and the prognostic effect
of NT-proNBP regarding mortality is based on different immanent information. GDF-15 might be a better
marker of disease activity during development of cardiac disease (during the first years of diabetes
onset), whereas NT-proBNP is more a marker of disease severity being a better predictor in later stages of
full blown cardiac disease. This would be in accordance with a strong trend to a decrease of GDF-15 in
longstanding diabetes but an increase in NT-proBNP over time.
Beside this two most prominent markers also UACR has some independent information as already known
from earlier publications 24.
UACR is a marker for atherosclerosis and diabetic nephropathy 25. As shown urinary albumin to creatinine
ratio performs pretty well in patients with longstanding diabetes while there is no predictive information
in patients having a diabetes duration below 12 years. This is well in line with studies showing that about
40% of patients with "diabetic" nephropathy have no albumin excretion, especially at the onset of the
disease26. In accordance UACR has a a poor performance at the beginning of the disease with probable
early onset of kidney disease.
In a data driven cluster analysis Ahlqvist and colleagues have defined 5 different subgroups of diabetes
mellitus. Moreover they impressively demonstrated differences in risk of diabetic complications in
relation to the dominating pathophysiologic factor. These findings are well in line with our results also
showing that cardiovascular event rates are not directly related to duration of diabetes mellitus, but might
be based on different phenotypes. Based on this heterogenity in phenotypes of diabetes our data add
some further information as there is an additional heterogeneity over time in the biomarker profile. We
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have to confess, that in this work only few, although important-markers were tested and larger datasets
will give a clearer picture in the future.

Conclusions
Taken together our data speak for a dynamic change of the prognostic information of cardiovascular
biomarkers over time and show that cardiovascular events are not related to the duration of diabetes
mellitus. Quite different biomarkers characterize different time phases of diabetes duration and are
directly related to outcome. In how far these phases are temporal transitions accompanied by
neurohumoral/pathophysiologic transitions or demonstrate different phenotypes of diabetes and
cardiovascular disease like Ahlquivst tried to demonstrate cannot be proven by our data but would be an
important feature for the future.
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