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Abstract

Background: Ischaemic heart disease (IHD) including coronary artery disease and its final result-myocardial infarction is the greatest single cause of mortality and one of the most common cause of disability. To reduce mortality, it is important to pay attention to the diagnosis of ischaemia as well as the inclusion of appropriate treatment.The effectiveness of diagnosis and treatment can be increased by using new cardiac-specific markers characterized by high sensitivity and specificity whose level correlates with the severity and extent of necrosis. Such a novel biomarker seems to be growth differentiation factor 15 (GDF-15).

Methods and Results: The literature has been searched forlarge clinical trials evaluating efficacy of GDF-15 in patients with stable coronary artery disease (CAD) and acute coronary syndrome(ACS). A total number of 17,942 patients with CAD from 4 clinical trials and 26,848 patients with ACS from 8 clinical trials were included to assess the relationship between the level of GDF-15 and risk of death and major cardiovascular events during follow-up. The evaluated level of GDF-15 was proven to be correlate with increased risk of all cause of death, cardiovascular mortality, myocardial infarction, stroke and hospitalization for heart failure.

Conclusion: While the morbidity due to the IHD is still increasing, more modern methods of treatment are applied and new groups of drugs are included in the therapy, it is also understandable that the need for new, easily available and more cardiac-specific markers will be urgent. We hope, that one of them will become GDF-15.
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Introduction

Since in the 1970s, the World Health Organization (WHO) had defined the concept of myocardial infarction by the presence at least 2 of the following: acute coronary pain, dynamic changes in electrocardiogram (ECG) and elevated levels of myocardial necrosis enzymes [1], coronary artery disease (CAD) and myocardial infarction (MI) are still a major cause of morbidity and mortality worldwide. Less than 20 years ago, the new definition of MI was proposed where the importance of serological biomarkers for recognition of myocardial necrosis has been exalted [2]. Then also cardiac troponins (cTn) have been introduced [2] and remains a gold standard nowadays. Due to the large financial outlay and high mortality caused by coronary heart disease and its consequences, rapid diagnosis of chest pain and the inclusion of proper treatment, allow to significantly reduce mortality and improve prognosis. And that is why myocardial necrosis markers are so important -they not only allow to make an accurate diagnosis but also to predict the severity and extent of the disease process and plan the wayof its treatment.



Biomarkers are measurable indicators of the severity or presence of some disease states. An adequate marker of myocardial injury should meet several criteria: 1) myocardial tissue specific, but absent in non-myocardial tissue; 2) detectable in blood serum soon after the myocardial injury; 3) remains elevated in blood serum for several days from the onset of injury; 4) assayed by simple and quick method; 5) correlates with the severity of the disease and the extent of damage. Biomarkers in acute myocardial infarction are associated with various pathophysiological processes including inflammation, neutrophilic activation, necrosis, biomechanical stress and endothelial activation. As many of them are well- established, with cTn as a biomarker of choice for diagnosing of MI, the increasing number of novel cardiac-specific biomarkers are found each year. Although the importance of not all of them is fully proven, they may be helpful in the future in assessing the prognosis of patients with CAD or after MI.

One of such novel markers of myocardial injury is Growth Differentiation Factor 15 (GDF-15)-a member of the transforming growth factor-β (TGF-β) cytokine superfamily. It is not normally expressed in the heart, but when it comes to damage of cardiomyocytes,  its  level  rises.  The  importance  of  GDF-15  in predicting risk in CAD and MI has been proven in many clinical trials, making it a high-quality marker in the assessment of cardiovascular prognosis [3-14].


 

Results



Table 1: 
GDF-15 as a cardiovascular biomarker in stable coronary artery disease (CAD).
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SAP: Stable Angina Pectoris; CA: Coronary Angiography; CHD: Coronary Heart Disease; MI: Myocardial Infarct; CV: Cardiovascular; HF: Heart Failure

*mean

**median





Table 2: 
 GDF-15 as a cardiovascular biomarker in acute coronary syndromes (ACS).
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STEMI: ST-Elevation Myocardial Infarction; NSTE-ACS - Non-STEMI Acute Coronary Syndrome; MI: Myocardial Infarction; CV: Cardiovascular; PCI: Percutaneous Coronary Intervention; HF: Heart Failure;

MACE: Major Adverse Cardiovascular Events

*mean

**median






In this review, the importance of GDF-15 in assessing the risk of patients with CAD and acute coronary syndrome (ACS) based on large randomized trials was evaluated. The results were presented in Table 1 and Table 2. In AtheroGene study it was showed that patients with stable angina pectoris (SAP)  presenting  with normal (<1200ng/L), moderately elevated (1200 to 1800ng/L), or markedly elevated (>1800ng/L) GDF-15 levels had 3.6-year CHD mortality rates of 1.4%, 2.7%, and 15.0%, respectively (P<0.001) [3]. As GDF-15 remained an independent predictor of CHD mortality (P<0.001), the level of GDF-15 did not predict the future risk of nonfatal myocardial infarction in patients with SAP or ACS [3].


What is more, each doubling in GDF-15 was associated with a 2.5-fold increased rate of CV events (hazard ratio [HR] 2.53, 95% CI 2.13-3.01, P <0.001) [4]. Participants who had GDF-15 levels in the highest tertile had higher mortality compared with those in the lowest tertile (HR 2.73, 95% CI 1.80-4.15, P ?0.001 adjusted for all covariates) [4]. Elevated GDF-15 levels were associated with increased MI, HF, CV death, and all-cause mortality what was showed in Figure 1 [4].
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Figure 1:  Proportion of participants with CV events by tertiles of GDF-15. (From [4]).
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Figure 2:  3-year event rates by outcome and continuous GDF-15concentration. (From [6])








In Karola study, a total number of 1,029 patients was observed for death or secondary cardiovascular event (CVE) with median follow-up  of  10  years.  Compared  to  participants  with  GDF-15 <1200ng/L, increased risk for death was found in participants with GDF-15 ≥1200 and ≤1800ng/L [hazardratio (HR) 1.68 (95% CI, 1.08 -2.62)] and with GDF-15 >1800ng/L [HR 1.73 (1.02-2.94)] [5]. A 1-unit increment of ln GDF-15 was associated with an age- and sex-adjusted hazard ratio (HR) of 2.16 (95% CI, 1.66-2.82) for a subsequent CVE [5]. Compared to the reference group (<1200ng/L) those with GDF-15>1800ng/L had an age- and sex-adjusted HR of 2.78 (95% CI, 1.90-4.07) for a subsequent CVE [5].


In STABILITY, the largest randomized clinical trial investigating the relationship between the GDF-15 level and CV risk, a total number of 14,577 patients with stable CAD and at least one additional predictor of CV risk was observed for median 3,7 years [6]- Figure 2. The hazard ratio for the composite end point for the highest compared to the lowest quartile ofGDF-15 was 1.8 (95% CI, 1.5-2.2); for CV death, 2.63 (1.9-3.6); for sudden death, 3.06 (1.9- 4.8); for heart failure (HF) death, 4.3 (1.3-14); for hospitalization for HF, 5.8 (3.2-10); for MI 1.4 (95% CI, 1.1-1.9); and for stroke, 1.8 (95% CI, 1.1-2.8) [6].


 An increased levels of GDF-15 and its  effect  on  mortality and prognosis in acute coronary syndromes (ACS) have been proven [7-14]. As was firstly showed in 2,081 patients from the GUSTO-4 admission GDF-15 concentrations are closely related to all-cause mortality in non-ST-segment elevation ACS (NSTE-ACS) [7]. Cumulative 1-yearmortality  rates  were  1.5,  5.0,  and  14.1% in patients with low ( <1200ng/L), moderately increased (1200- 1800ng/L), and markedly increased (>1800ng/L) concentrations of GDF-15 (P<0.001) [7]. Surprisingly, the risk of a subsequent myocardial infarction within 30 days in the respective tertiles was not significantly dependent on the increased GDF-15 level [7].


In 741 patients  presented  with  STEMI  the  increased  levels of GDF-15 measured before thrombolysis were associated with a higher risk of death during 1-year follow-up. Mortality rates at 1 year were 2.1, 5.0, and 14.0% in patients with GDF-15 levels <1200, 1200-1800, and >1800ng/L, respectively (P  <0.001) -Figure 3 [8].
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Figure 3: Cumulative probability of death according to levels of GDF-15 at presentation in 730 patients  
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Figure 4:  1-year event rate of the different outcomes. (From [9])








Lately, the prognostic value of GDF-15 has been reevaluated in 16,876 patients with NSTE-ACS or STEMI randomized to ticagrelor or clopidogrel in PLATO - Figure 4 [9]. Higher GDF-15 concentrations were associated with an increased risk of all-cause mortality [HR per 1 SD increase in log GDF-15,1.41 (1.31-1.53)], CV mortality [1.41 (1.30-1.53)], MI[1.15 (1.05-1.26)], and stroke [1.19(1.01-1.42)][9].

In PROVE IT-TIMI 22 the level of GDF-15 was measured in in 3,501 patients after ACS, treated with moderate or intensive statin therapy [10]. By using established cutoff points, GDF-15 ( <1200, 1200-1800, and >1800ng/L) was associated with 2-year risk of death or MI (5.7%, 8.1%, and 15.1%, respectively; P <0.001), death (P <0.001), MI (P <0.001), and congestive heart failure (P <0.001) [10].


In IABP-SHOCK II trial a total number of 190 patients with NSTE-ACS or STEMI and cardiogenic shock who underwent PCI were recruited [11]. Patients with GDF-15 level greater than the median showed higher rates of death at 30 days: 52% vs. 31%, P=0.005 (hazard ratio (HR) =1.88) [11].


Therelationshipbetween the level of GDF-15 and cardiovascular outcomes has also been confirmed in 1,142 post-acute myocardial infarction patients - Figure 5 [12]. The increased level of GDF-15 was significantly related with all-cause mortality and HF hospitalization (P <0.001), but not with reccurence of MI [12].
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Figure 5:  Kaplan-Meier survival curves event rate (death or heart failure) in patients grouped according to median levels of plasma GDF-15. (From [12])









Increased  GDF-15  level  has  beneficial  role  during  invasive strategy  [13].  In  the  FRISC-II  trial  patients  with  GDF-15  level <1200ng/L  did  not  get  any  benefit  from  the  invasive  strategy even though they had ST segment depression or a troponin T level >0.01?g/L. Patients withGDF-15 levels >1200ng/L, especially those with 1800ng/L experienced significant (P <0.001) reduction in the combined end point of death or MI by the routine invasive strategy [13]. Insights from cardiovascular magnetic resonance showed that elevated GDF-15 concentrations over and above the median on admission in 238 patients with STEMI undergoing PCI were a strong predictor of mortality (19 vs one death, P <0.001) and major adverse cardiac events (27 vs nine events, P <0.001) at 6 months follow-up [14].


Conclusion

Over  the  last  50  years  biomarkers  of  myocardial  injury,
particularly  cardiac  troponin  (cTn),  creatine     kinase  and  its isoenzyme creatine  kinase  myocardial  band  were  commonly used for  the diagnosis and making clinical decision in  patients with suspected ACS. These established biomarkers are recently supplemented by novel indicators of myocardial necrosis which reflect inflammation, endothelial dysfunction, or hemodynamic stress.  One  of  them  is  marker  of  biomechanical  stress  -GDF- 15. In this review, it was found that the elevated level of GDF- 15 correlates with risk of death from cardiac causes and other major cardiovascular complications and this relationship and this relationship has been strongly proven by numerous studies. Hopefully, in the future, the use of this marker in identifying and making therapeutic decisions in patients with ischaemic heart disease will be on the agenda.
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