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Coronary Artery Disease

Growth Differentiation Factor 15 is Related with
Left Ventricular Recovery in Patients with
ST-Elevation Myocardial Infarction after Successful
Reperfusion by Primary Percutaneous Intervention
Mustafa Umut Somuncu,1 Fatih Pasa Tatar,1 Belma Kalayci,1 Ahmet Avci,1 Naile Eris Gudul,1
Begum Uygur,2 Ali Riza Demir2 and Murat Can3

Background: The determinants of left ventricular (LV) recovery after successful revascularization in ST-elevation
myocardial infarction (STEMI) patients are not clear. In addition, the relationship between growth differentiation
factor15 (GDF-15) and left ventricular ejection fraction (LVEF) improvement is also unknown. This study hypothesizes
that a low GDF-15 level would be associated with LVEF recovery.
Methods: One hundred and sixty-one STEMI patients were included in this study. Echocardiographic examinations
were performed before and 12-18 weeks after discharge. The patients were divided into three groups according to
the changes in LVEF as 62 patients with ³ 10% change, 47 patients with 1-9% change, and 52 patients £ 0% change.
LV recovery was defined as ³ 10% LVEF improvement and the predictors of LV recovery were investigated. Moreover,
two groups were created according to GDF-15 values, and the follow-up/baseline echocardiographic parameters
were compared between these groups.
Results: LV recovery was detected in 38.5% of the patients. Low baseline LVEF [odds ratio (OR): 0.85, 95% confidence
interval (CI) 0.82-0.94, p = 0.001], low GDF-15 (OR: 0.79, 95% CI 0.68-0.93, p = 0.004), previous angina (OR: 2.34,
95% CI 1.10-4.96, p = 0.027), and symptom-to-balloon time (OR: 0.97, 95% CI 0.95-1.00, p = 0.043) were independent
predictors of LV recovery. The ratios of follow-up/baseline LV end-diastolic volume index, LV end-systolic volume
index and wall motion score index were lower in the low GDF-15 group (0.96 vs. 1.04, p < 0.001; 0.96 vs. 1.10, p <
0.001; 0.89 vs. 0.96, p < 0.001). Moreover, being in the low GDF-15 group was associated with LV recovery (OR:
2.93, 95% CI 1.43-6.02, p = 0.001).
Conclusions: Lower GDF-15 level was associated with better LV improvement and less adverse remodeling in STEMI
patients.
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Providing mechanical or pharmacological reperfusion decreases mortality rates in the early period after
myocardial infarction (MI) in ST-elevation myocardial infarction (STEMI) patients.1 It has been shown that infarct
areas are reduced and left ventricular ejection fraction
(LVEF) is partially preserved in patients undergoing a primary percutaneous coronary intervention (PCI).2,3 How473
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were admitted 12 hours after the onset of symptoms; 5)
with planned coronary artery bypass graft (CABG) surgery after angiography; and 6) who did not come to their
control visits or echocardiographic examinations after
12-18 weeks. In addition, patients who were hospitalized
and underwent coronary procedures due to acute coronary syndrome before control echocardiography were
also excluded. As LV recovery is not expected in patients
in whom successful coronary revascularization cannot be
achieved, patients with thrombolysis in myocardial infarction (TIMI) flow 0-1 after primary percutaneous coronary procedure were also excluded from the study.
Furthermore, patients with baseline LVEF > 50% were
also excluded because there was little expectation of LVEF
improvement. Consequently, a total of 161 patients were
included as the study population.
Electrocardiography (ECG) findings of each patient
were analyzed to determine the type of MI immediately
after admission to the emergency department. ST-segment resolution after the procedure was again evaluated
by ECG. The lead with the maximum resolution was chosen for the evaluation, and the resolution was categorized as complete (³ 70%), partial (30% to 70%) and no
(< 30%) resolution. All PCI procedures were performed
by operators performing more than 100 PCIs per year in
a single center.
After loading antiplatelets and heparin during the
procedure, dual antiplatelet maintenance treatment was
given after the procedure. High doses of statins were
administered as soon as possible. Beta-blockers and
renin-angiotensin system (RAS) inhibitors were started
within 24 hours if tolerated, and we tried to achieve the
maximum dose in a controlled manner. Informed consent forms were obtained from all patients and approval
was obtained from the local ethics committee. The study
was designed in accordance with the Helsinki Declaration.

ever, despite these interventions, an important amount
of myocardial necrosis occurs in a significant number of
patients who present with heart failure (HF) with progressive left ventricular (LV) dilatation and diminished
LVEF as a result of adverse remodeling.4,5
In the months following MI, changes in LV function
differ and it is not possible to predict totally in which direction these changes will occur. Long-term worsening
of LV function may occur due to inflammation, fibrosis,
and myocyte necrosis as well as short-term improvements due to hibernation or stunning.6,7 Although clinical and angiographic features have been developed for
this purpose,8 determining different predictors can help
clinicians to draw a road map.
Growth differentiation factor 15 (GDF-15) is a member of the transforming growth factor-b cytokine superfamily and is also known as macrophage inhibitory cytokine 1 (MIC-1) or nonsteroidal anti-inflammatory drugactivated gene (NAG-1). GDF-15 is released in response
to stress.9 It is synthesized from cardiac tissues in cases
of myocardial ischemia or reperfusion and hemodynamic stress.10
GDF-15 has an additional prognostic contribution to
other known clinical and biochemical markers in STEMI
patients.11,12 Moreover, the prognostic value of GDF-15
has been demonstrated in very long-term studies.13 However, no previous study has investigated the relationship
between LV recovery and GDF-15 in post-MI patients
who were successfully revascularized. Therefore, the
aim of this study was to determine the relationship between changes in cardiac functions over time in post-MI
patients and GDF-15. We also aimed to determine the
effects of other clinical, laboratory, and angiographic features on changes in LV echocardiographic parameters.

METHODS
Analysis of patient data
The patients’ demographic information, medical
charts, and laboratory parameters were recorded. Venous blood samples were obtained by venipuncture for
biochemical parameters. GDF-15 has been reported to
increase in the first few hours and then reach a peak
value in 12-24 hours in STEMI patients, and measuring
GDF-15 in the first 24 hours has been reported to provide useful information for the short and long term.14

Study population
The study population consisted of patients who presented to our center with STEMI and underwent revascularization with primary PCI. The exclusion criteria were
patients: 1) who died during angiography or hospital follow-up; 2) with an active infection, malignancy or active
rheumatic disease that could trigger inflammation; 3)
who had a cardiac arrest during hospitalization; 4) who
Acta Cardiol Sin 2021;37:473-483
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The first group was categorized as having a > 10% increase in LVEF, the second group as < 10% improvement
in LVEF, and the last group as the same or reduced LVEF.
All echocardiographic evaluations were made by an experienced cardiologist blinded to the study protocol.

For this reason, blood samples for GDF-15 were collected between 12-24 hours after hospital admission. All
of our patients underwent a primary PCI intervention
immediately after hospital admission. Therefore, blood
samples for GDF-15 were taken after the procedure. All
samples were placed in EDTA-coated vacuum tubes. Immediately thereafter, the samples were separated by
centrifugation and then stored at -70 °C. Serum GDF-15
levels were measured using an enzyme-linked immunosorbent assay (ELISA) method with a commercial ELISA
kit (USCN Life, Wuhan Eiaab Science Co. Ltd, Optics Valley, Wuhan, China), according to the manufacturer’s instructions. This particular immunoassay utilized the quantitative technique of sandwich ELISA. GDF-15 tests
were accomplished with an Elx800 automatic ELISA
reader (BioTek, Winooski, VT, USA) and the results were
calculated from the calibration curve. The sensitivity of
the GDF-15 assay was < 0.063 ng/mL, and the detection
range was 0.156-10 ng/ml. The coefficients of intraassay
and interassay variation of GDF-15 were < 10%-< 12%.

Statistical analysis
SPSS software version 21.0 for Windows (SPSS Inc.,
Chicago, Illinois, USA) was used for statistical analysis.
Whether the values were distributed normally was determined by visual and analytical methods. The study
groups were compared using the independent sample
t-test/one-way ANOVA for continuous variables with
normal distribution, and the Mann Whitney U/KruskalWallis H test for continuous variables without normal
distribution. Categorical data were compared with the
chi-square test. Logistic regression analysis was performed
to determine the independent predictors of LVEF recovery. In order to investigate the group effect for significant numerical values of GDF-15, baseline LVEF, and
symptom-to-balloon time, cut-off values were determined and high/low classification was made. Since different methods and kits have been used for the measurement of GDF-15 in previous studies, the cut-off value has not clearly been stated in the literature. Therefore, the grouping for GDF-15 level was made according
to receiver operating characteristic (ROC) curve analysis
for the ability of GDF-15 to predict LVEF improvement
(Figure 1). Youden’s index was used to derive the best
cut-off value for GDF-15 level. The patients were divided
into two groups as high and low GDF-15 on the basis of
this value (1.14 ng/ml). The same cut-off value determination was performed for baseline LVEF and symptomto-balloon time, and the group effect in terms of the predictive value of LV recovery was investigated with values
obtained from ROC curve analysis, including 42% for
LVEF and 270 minutes for the symptom-to-balloon time.
A p-value < 0.05 was considered to be statistically significant.

Echocardiographic analysis
All patients underwent detailed echocardiographic
examination within the first 24-72 hours after PCI and
12-18 weeks (mean 14 weeks) after discharge. LVEF was
calculated by the Simpson method with a transthoracic
echocardiography device (V ivid S5 probe 3 S-RS, GE
Healthcare, Wisconsin, USA). LV diameters were measured using M-mode as recommended by the American
Society of Echocardiography.12 Ventricular dilatation was
obtained using the left ventricular end-diastolic volume
index (LVEDVI) and left ventricular end-systolic volume
index (LVESVI). LVEDVI and LVESVI were calculated by dividing the LV end-diastolic and end-systolic volumes measured by the Simpson method, to the body surface area.
Posterior wall thickness was measured to determine LV
hypertrophy. To evaluate regional systolic function, the
left ventricle was divided into a 16-segment model as
recommended by American Society of Echocardiography.15 For each segment, wall motion was scored from 1
(normal) to 4 (dyskinetic) and the obtained score was
divided by 16 to calculate the wall motion score index
(WMSI). LV remodeling was determined by LVEDVI and
LVESVI ratios obtained by dividing follow-up volume indexes to baseline volume indexes. The patients were divided into three groups according to the change in LVEF.

RESULTS
All of the included patients were evaluated with control echocardiographic examinations after 12-18 weeks.
The patients were divided into three groups according
475
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to the change in LVEF: 62 patients (38.5%) had LVEF
improvement ³ 10%, 47 patients had LVEF improvement
1-9% (29.2%), and 52 patients (32.3%) had the same or
reduced LVEF. Table 1 shows the baseline clinical characteristics of the three groups. There were no significant
differences between the groups in any of the parameters apart from GDF-15 level. Moreover, the difference
in ST segment resolution did not reach significance among
the groups. However, the higher the resolution, the better LVEF was found in the baseline echocardiography
(43.7 ± 4.2 vs. 41.9 ± 7.3 vs. 38.9 ± 6.9, p = 0.004).
Angiographic features of the patients and the parameters obtained by echocardiography performed within
72 hours after the percutaneous coronary procedure
were evaluated according to the groups (Table 2). A mean
19.8% increase in LVEF was achieved in patients with LV
recovery. This rate was 6.8 ± 2.1% in patients with mild
improvement, and -7.0 ± 4.7% in the group with reduced
LVEF. There was a significant difference in baseline LVEF

Figure 1. Receiver operating characteristics curve showing the distinguishing ability of growth differentiation factor 15 level for left ventricular recovery. AUC, area under the ROC curve; CI, confidence interval;
GDF-15, growth differentiation factor 15.

Table 1. Baseline clinical characteristics according to improvement in left ventricular ejection fraction
Change in LVEF over 12-18 weeks

Age, years
2
BMI, kg/m
Female, n (%)
Hypertension, n (%)
DM, n (%)
Smoking, n (%)
Prior CABG, n (%)
Prior PCI, n (%)
2
GFR, ml/dk/1.73 m
Previous angina, n (%)
SBP, mm/Hg
DBP, mm/Hg
Heart rate, bpm
ECG resolution, n (%)
Complete resolution
Partial resolution
No resolution
CK-MB, ng/ml
Troponin, ng/ml
CRP, mg/dl
GDF-15, ng/ml

³ 10% (N = 62)

1% to 9% (N = 47)

£ 0% (N = 52)

58 (52, 65)
27.4 (24.4, 30.8)
11 (17.7)
22 (35.5)
13 (21.0)
43 (69.4)
1 (1.6)
6 (9.7)
82.5 (55.7, 110.2)
33 (53.2)
0120 (110, 140)
70 (67, 80)
81 (67, 88)

60.0 (53.0, 65.0)
26.0 (24.6, 30.4)
7 (14.9)
17 (36.2)
10 (21.3)
32 (68.1)
3 (6.4)
4 (8.5)
091 (74, 107)
18 (38.3)
0130 (120, 150)
75 (70, 80)
79 (66, 90)

63 (53, 71)
27.1 (24.8, 30.3)
14 (26.9)
26 (50.0)
19 (36.5)
30 (57.7)
3 (5.8)
07 (13.5)
75.5 (46, 103)
17 (32.7)
0130 (112, 150)
80 (61, 89)
80.5 (70, 91.5)

27 (43.5)
29 (46.8)
6 (9.7)
113.4 (45.5, 192.5)
3.66 (2.34, 7.43)
10.6 (5.6, 41.5)0
1.00 (0.83, 1.17)

17 (36.2)
20 (42.6)
10 (21.3)
086.7 (47.8, 222.2)
2.97 (1.26, 7.13)
12.7 (5.2, 22.9)0
1.07 (0.81, 1.26)

15 (28.8)
24 (46.2)
13 (25.0)
107.9 (46.1, 107.9)
3.20 (0.97, 8.57)
15.3 (5.9, 30.7)0
1.24 (1.22, 1.27)

p value
0.231
0.706
0.282
0.227
0.113
0.380
0.399
0.696
0.133
0.070
0.334
0.688
0.576
0.209

0.878
0.610
0.582
< 0.001 <

BMI, body mass index; bpm, beat per minute; CABG, coronary artery bypass graft; CK-MB, creatinin kinaz-MB; CRP, C-reactive
protein; DBP, diastolic blood pressure; DM, diabetes mellitus; ECG, electrocardiography; GDF-15, growtth differentiation factor-15;
GFR, glomerular filtration rate; LVEF, left ventricular ejection fraction; PCI, percutaneous coronary intervention; SBP, systolic blood
pressure.
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Table 2. Angiographic and echocardiographic characteristics according to improvement in LVEF
Change in LVEF over 12-18 weeks

Change in LVEF, %
Baseline LVEF, %
LVEF group, n (%)
41-50%
31-40%
£ 30%
2
Baseline LVEDVI, ml/m
Baseline LVEDD, mm
2
Baseline LVESVI, ml/m
Baseline LVESD, mm
PWT, mm
Baseline WMSI
Predilatation, n (%)
Postdilatation, n (%)
Killip Class > 1, n (%)
Culprit artery, n (%)
LAD
CX
RCA
Saphenous vein graft
Stent length, mm
Stent diameter, mm
Pre-TIMI flow, n (%)
0/1
2
3
Drug eluting stent, n (%)
Symptom-to-baloon time (min)
Final TIMI flow, n(%)
2
3

³ 10% (N = 62)

1% to 9% (N = 47)

£ 0% (N = 52)

17 (13, 23)
42 (37, 46)

7 (5, 8)
44 (38, 48)

-6 (-4, -9)
45 (40, 49)

35 (56.5)
21 (33.9)
6 (9.7)
41.6 (34.8, 50.9)
50.0 (46.0, 52.2)
23.4 (18.0, 31.3)
35.5 (30.7, 39.2)
11 (10, 12)
1.56 (1.43, 1.76)
49 (79.0)
28 (45.2)
16 (25.8)

29 (61.7)
14 (29.7)
4 (8.5)
41.2 (35.1, 52.8)
49 (47, 52)
22.3 (19.4, 29.3)
34.0 (31.5, 38.2)
11 (11, 12)
1.43 (1.25, 1.68)
36 (76.6)
16 (34.0)
9 (19.1)

35 (67.3)
14 (26.9)
3 (5.7)
39.1 (35.4, 49.7)
47 (45, 50)
21.2 (17.3, 26.9)
33.0 (28.3, 37.4)
12 (11, 12)
1.31 (1.18, 1.62)
42 (80.8)
16 (30.8)
14 (26.9)

31 (50.0)
11 (17.7)
20 (32.3)
0 (0)
18 (15, 26)
3.0 (2.75, 3.5)

19 (40.4)
6 (12.8)
19 (40.4)
3 (6.4)
18 (15, 25)
3 (2.75, 3)

22 (42.3)
09 (17.3)
20 (38.5)
1 (1.9)
20 (15, 28)
3 (2.75, 3.5)

39 (62.9)
15 (24.2)
08 (12.9)
43 (69.4)
260 (208, 337)

33 (70.3)
4 (8.5)
10 (21.3)
31 (66.0)
298 (265, 423)

44 (84.6)
3 (5.8)
5 (9.6)
38 (73.1)
322 (253, 555)

5 (8.1)
57 (91.9)

6 (12.8)
41 (87.2)

15 (28.8)
37 (71.2)

p value
< 0.001 <
0.016
0.813

0.380
0.085
0.166
0.101
0.060
0.003
0.878
0.246
0.622
0.406

0.185
0.955
0.015

0.743
0.011
0.008

CX, circumflex artery; LAD, left anterior descendin artery; LVEDD, left ventricular end diastolic diameter; LVEDVI, left ventricular
end diastolic volume index; LVEF, left ventricular ejection fraction; LVESD, left ventricular end systolic diameter; LVESVI, left
ventricular end systolic volume index; PWT, posterior wall thickness; RCA, right coronary artery; WMSI, wall motion score index.

vs. LVEF £ 0% group median 322 minutes, p = 0.018).
Table 3 shows the medical treatment of the patients
before the event and after discharge. There were no significant differences between the LV improvement groups
in terms of medical treatments. Medical treatment rates
after discharge were as follows: acetylsalicylic acid 95.7%;
clopidogrel, 11.8%, ticagrelor 88.2%; beta-blockers, 80.1%;
RAS inhibitors 68.3%; statins, 93.7%.
High GDF-15 and low GDF-15 groups were generated according to the cut-off value, and follow-up and
baseline echocardiographic values were compared be-

between the groups, and baseline LVEF was lower in the
patients who had LV recovery [42% (37-46%) vs. 45%
(39-48%), p = 0.005]. Moreover, the WMSI score increased as the LV improvement rate increased (³ 10%
vs. £ 0%, p = 0.006, 1-9% vs. £ 0%, p = 0.050). Pre-PCI
TIMI flow 0-1 reduced the rate of LV improvement, while
post-PCI TIMI flow 3 increased the LV improvement rate.
Statistical differences for both were detected among the
groups (p = 0.017, p = 0.004, respectively). In addition,
as the symptom-to-balloon time increased, LV improvement decreased (LVEF ³ 10% group median 268 minutes
477
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Table 3. Prehospitalization and discharge medications according to improvement in left ventricular ejection fraction
Change in LVEF over 12-18 weeks

Medical use pre-PCI, n (%)
Aspirin
Clopidogrel
Ticagrelor
Beta blocker
ACE inhibitors/ARB
Calcium antagonists
Nitrat
Statin
Aldosterone antagonisits
SGLT-2 inhibitors
Medical use post-PCI, n (%)
Aspirin
Clopidogrel
Ticagrelor
Beta blocker
ACE inhibitors/ARB
Calcium antagonists
Nitrat
Statin
Aldosterone antagonisits
SGLT-2 inhibitors

p value

³ 10% (N = 62)

1% to 9% (N = 47)

£ 0% (N = 52)

09 (14.5)
2 (3.2)
1 (1.6)
07 (11.3)
13 (21.0)
10 (16.1)
1 (1.6)
09 (30.6)
1 (1.6)
3 (4.8)

6 (12.8)
4 (8.5)
0 (0)0.
4 (8.5)
13 (27.7)
3 (6.4)
1 (2.1)
10 (21.3)
2 (4.3)
2 (4.3)

13 (25.0)
3 (5.8)
0 (0)0.
11 (21.2)
20 (38.5)
07 (13.5)
2 (3.8)
17 (32.7)
1 (1.9)
2 (3.8)

0.207
0.492
0.448
0.148
0.118
0.300
0.735
0.409
0.647
0.966

59 (95.2)
6 (9.7)
56 (90.3)
48 (77.4)
38 (61.3)
3 (4.8)
3 (4.8)
60 (96.8)
09 (14.5)
5 (8.1)

45 (95.7)
4 (8.6)
43 (91.4)
29 (83.0)
36 (76.6)
5 (10.6)
2 (4.3)
43 (91.5)
6 (12.8)
4 (8.5)

50 (96.2)
09 (17.4)
43 (82.6)
42 (80.8)
36 (69.2)
08 (15.4)
06 (11.5)
48 (92.3)
4 (7.7)
06 (11.5)

0.966
0.268
0.396
0.764
0.232
0.169
0.261
0.456
0.516
0.797

ACE, angiotensin converting enzyme; ARB, angiotensin receptor blockers; LVEF, left ventricular ejection fraction; PCI, percutaneous
coronary intervention; SGLT-2, sodium-glucose co-transporter-2.

tween the two groups. The ratio of follow-up/baseline
LVEDVI was 0.96 in the low GDF-15 group and 1.04 in
the high GDF-15 group (p < 0.001). The same statistical
difference was also detected for LVESVI (low GDF-15 =
0.96, high GDF-15 = 1.10, p < 0.001). The follow-up/
baseline LVEF ratio was higher in the low GDF-15 group
(1.13 vs. 1.03, p < 0.001). In parallel, the WMSI ratio was
also lower in the low GDF-15 group (0.89 vs. 0.96, p <
0.001) (Figure 2). When the GDF-15 groups were compared according to ST-segment resolution ratios, there
was no difference between the groups (high GDF-15
group; complete resolution 33.0%, partial resolution,
47.3%, no resolution, 19.8% / low GDF-15 group; complete resolution 41.4%, partial resolution, 42.9%, no resolution, 15.7%, p = 0.521).
Logistic regression analysis was performed to examine the independent predictors of LV recovery. Low baseline LVEF [odds ratio (OR): 0.85, 95% confidence interval (CI) 0.82-0.94, p = 0.001], low GDF-15 (OR: 0.79, 95%
CI 0.68-0.93, p = 0.004), presence of previous angina
Acta Cardiol Sin 2021;37:473-483

Figure 2. Bar graph showing the change in left ventricular function and
volume after percutaneous coronary intervention. The ratio of followup/baseline echocardiographic parameters detected. LVEDVI, left ventricular end-diastolic volume index; LVEF, left ventricular ejection fraction; LVESVI, left ventricular end-systolic volume index; WMSI, wall motion score index.

(OR: 2.34, 95% CI 1.10-4.96, p = 0.027), pre PCI TIMI flow
0-1 (OR: 0.31, 95% CI 0.13-0.70, p = 0.009) and long
symptom-to-balloon time (OR: 0.97, 95% CI 0.95-1.00, p
= 0.043) were determined to be independent predictors
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GDF-15 in Left Ventricular Recovery

of LV recovery (Table 4).
Cut-off values were determined for baseline LVEF,
GDF-15 and symptom-to-balloon time as independent
predictors (Figure 1). According to the ROC curve analysis, the cut-off value for LVEF was 42% [area under the
curve (AUC) 0.643, 95% CI 0.545-0.716, p = 0.005], the
cut-off value for symptom-to-balloon time was 270 minutes (AUC 0.651, 95% CI 0.550-0.731, p = 0.002), and
the cut-off value for GDF-15 was 1.14 ng/ml (AUC 0.683,
95% CI 0.598-0.769, p < 0.001). Consequently, low baseline LVEF (OR: 2.24, 95% CI 1.08-4.66, p = 0.021), low
symptom-to-balloon time (OR: 2.59, 95% CI 1.27-5.30, p
= 0.006) and low GDF-15 level (OR: 2.93, 95% CI 1.43-6.02,
p = 0.001) were associated with LV recovery (Table 4).

Table 4. Independent predictors of left ventricular improvement
Variables
First model*
Baseline LVEF (per 1%)
TIMI 0-1 flow pre-PCI
GDF-15 (per 1 ng/ml)
Previous angina
Symptom-to-baloon time (min)
#
Second model
Low LVEF
Long symptom-to-baloon time
Low GDF-15

Odds
ratio

95% CI

p value

0.85
0.32
0.79
2.34
0.97

[0.82, 0.94]
[0.13, 0.70]
[0.68, 0.93]
[1.10, 4.96]
[0.95, 1.00]

0.001
0.009
0.004
0.027
0.043

2.24 [1.08, 4.66] 0.021
2.59 [1.27, 5.30] 0.006
2.93 [1.43, 6.02] 0.001

CI, confidence interval; GDF-15, growth differentiation factor15; LVEF, left ventricular ejection fraction; min, minutes; PCI,
percutaneous coronary intervention; TIMI, thrombolysis in
myocardial infarction.
* In the first model, LVEF, GDF and symptom-to-balloon time
#
were numerically placed in regression analysis. In the second
model, LVEF, GDF-15 and symptom-to baloon time were
categorized and placed in regression analysis. Classification as
high/low was made using the cut off values obtained from the
ROC analysis, 42% for LVEF, 270 min for symptom to baloon
time, and 1.14 ng/ml for GDF-15.

DISCUSSION
The important findings of our study are as follows:
(a) 38.5% of STEMI patients who underwent successful
PCI had ³ 10% improvement in LVEF, 29.2% of the patients had LVEF improvement between 1-9%, and LVEF
remained the same or reduced in 32.3% of the patients;
(b) a symptom-to-balloon time < 270 min was associated
with a 2.5-fold higher rate of LVEF recovery, baseline
LVEF £ 42% was associated with a 2.2-fold higher rate of
LVEF recovery, pre-PCI TIMI flow = 2/3 was associated
with a 3.1-fold higher rate of LVEF recovery, and the presence of previous angina was associated with a 2.3-fold
higher rate of LVEF recovery; (c) being in the low GDF-15
group was associated with LV recovery (OR: 2.93, 95% CI
1.43-6.02, p = 0.001); (d) lower LVEDVI, LVESVI and WMSI
ratios were obtained in the follow-up/baseline echocardiographic comparisons in the low GDF group.
Despite receiving successful revascularization and
guideline-recommended standard treatment, a significant portion of patients do not have the expected improvement in LV function.16 Large cohort studies have
reported that 21-42% of patients did not have LV improvement,17 which is consistent with our findings (LV function remained the same or reduced in 32.3% of the patients).
Increased cardiac mortality has been observed in
long-term follow-up in patients without improvement in
LVEF after MI.16,18 Although the relationship between
prognosis and baseline LVEF and long-term LV remodel-

ing is known, studies showing the effect of short-term
LVEF change on clinical outcomes are limited. LVEF nonrecovery has been associated with a 6-fold increase in
sudden cardiac death and 4-fold increase in all-cause
mortality.17 Moreover, another study reported that mortality was 3 times higher in patients without LV improvement.19 Parodi et al. reported that a ³ 10% increase in
LVEF at 3-6 months follow-up was considered as a net
improvement, and the survival rates of the group with
net improvement were more than 2 times higher than
those without improvement in LVEF (8% vs. 18%, p =
0.002).20 We determined the cut-off value for LV recovery as 10% in our study, considering that LVEF < 10%
change would not be considered as LVEF recovery due
to variations in the measurement.
GDF-15, a member of the TGF-beta family, is a molecule that is found in a small amount in the blood and is
released from many different tissues in stress situations.21
It has been demonstrated that stress factors such as cardiac instability, inflammation, ischemia and volume overload trigger GDF-15 synthesis.22 Evidence at the molecular and cellular level indicates that GDF-15 significantly
contributes to cardioprotection through multiple signal
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pathways in these stressful situations.23 Some studies
have shown that elevated plasma GDF-15 concentrations
protect endothelial cells from cellular damage via the
PI3K/AKT/eNOS pathway and by inhibiting ROS-induced
activation of NF-jB/JNK cascade.24 In addition, GDF-15
has been reported to provide antihypertrophic and antiapoptotic effects by activating ALK type 1 receptors and
by inhibiting epidermal growth factor receptor (EGFR)
transactivation.23
Many studies have investigated the prognostic value
of high GDF-15 levels in acute coronary syndrome patients, and it has been determined that GDF-15 can predict adverse events in STEMI patients.12 In the Merlin
TIMI study, GDF-15 was an independent predictor of
cardiovascular (CV) death and heart failure in non-STEMI
patients, and the addition of GDF-15 to the TIMI score
provided additional independent information about the
prognosis. 25 In the Framingham study, patients with
GDF-15 were followed for 11.4 years. The high GDF-15
group had a 3-fold increased rate of death, 6-fold increased rate of heart failure and 2-fold increased rate of
CV events, indicating that GDF-15 can provide valuable
prognostic information over the long term.26 It has also
been shown that GDF-15 can predict CV diseases in healthy women independently of C-reactive protein (CRP)
and other CV risk factors, so it is thought that GDF-15
uses different pathways.27 Thus, the elevation of GDF-15
even in a subclinical state suggests that it could be used
for prognosis even before the disease is fully settled. Our
study was not a long-term prognosis study, however we
determined the relationship between alterations in cardiac function during 12-18 weeks and GDF-15, highlighting the importance of the molecule.
Change in LVEDVI is an important determinant of CV
mortality in HF patients.28 A few studies have examined
LV remodeling and GDF-15 in STEMI patients. In these
studies, LVEDVI ratios were compared according to GDF15 levels. There were no differences in volume indexes
compared to GDF-15 levels, but higher HF and mortality
were found in patients with high GDF-15, and thus there
was a contrast between clinical outcomes and echocardiographic values.29 While more heart failure was observed, the lack of statistically significant change in diastolic volumes suggests that the results should be evaluated carefully. The authors of the study emphasized in
the limitations that the study was neither designed nor
Acta Cardiol Sin 2021;37:473-483

powered for the effects of GDF-15 on LV remodeling.
Therefore, it should remain at the hypothesis stage. In
another study, the relationship between GDF-15 and reverse modeling after MI was investigated. A 20% increase in LVEDV was accepted as LV adverse remodeling,
and they found a relationship between the presence of
LV adverse remodeling and high GDF-15 values (OR 10.1,
95% CI 2.5-40.1, p < 0.001).30 This is consistent with our
results of a 10% increase in LVESVI and 4% increase in
LVEDVI in the high GDF-15 group. Besides, there was no
significant improvement in LVEF in the high GDF-15 group
(3%), while there was a 13% increase in LVEF in the low
GDF-15 group in our study. This suggests that the patients with a high level of GDF-15 were at a higher risk for
post-MI HF.
Baseline low LVEF was found to be an important predictor of LV recovery in our study (OR: 0.85 95% CI 0.820.94, p = 0.001). Moreover, baseline LVEF £ 42% was associated with a 2.5-fold higher rate of LVEF recovery.
Consistent with our findings, Serrao et al. found that
42% of their patients had adverse remodeling at 13
months of follow-up, and that patients with reverse modeling had a lower baseline LVEF.8 There could be several possible reasons for these findings. Better LV improvement in patients with low baseline LVEF may be related to having more stunned myocardium, which could
potentially improve. Some patients had a higher baseline LVEF reduction and LV systolic dysfunction than expected according to MI region and achieved normal flow
with successful reperfusion, suggesting that dysfunctional myocardium became viable over time, and that
the stunned myocardium area was larger. Another possibility is that hyperkinesia in areas without damage in
the early post-MI period can lead to a higher than normal LVEF measurement, which may affect subsequent
echo evaluations.
The presence of previous angina was found to be an
independent predictor of LV recovery in our study (OR:
2.34, 95% CI 1.10-4.96, p = 0.027). Patients with previous angina have been shown to have less LV adverse remodeling and smaller infarct size.31 Many mechanisms
may be the cause of this situation, which is also known
as ischemic preconditioning. Studies related to ischemic
preconditioning have reported that it is predictive of
cardiac recovery generally, although there are partially
conflicting results.32
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thods to measure cardiac function, we used echocardiography. Neither cardiac magnetic resonance imaging nor
echocardiographic strain which detect myocardial fibrosis better, was performed to identify cardiac regions with
potentially different fibrosis patterns. In some patients,
failure to see the endocardium accurately may raise suspicion about the accuracy of the data. In addition, since
the improvement in LVEF was evaluated categorically
rather than numerically, this may also by a limitation.
However, it is clear that this method of administration is
simpler and more useful. Third, the use of sodium-glucose co-transporter-2 inhibitors in a limited number of
patients and the absence of the use of angiotensin receptor-neprilysin inhibitors prevented us from seeing
whether these medications have an effect on LV recovery. Fourth, patients who did not come for control examinations were excluded from the study. In these patients,
the reason for missing the control examination could be
a non-stable clinical condition due to decreased LVEF.
For this reason, the exclusion of these patients may have
created selection bias. Moreover, patients with cardiac
mortality were excluded from the study, which may have
affected our results. Fifth, there is no clear cut-off value
determined for GDF-15 in the literature, so we made a
classification according to our study population. In addition, the GDF-15 values of the patients in our study were
slightly lower than in the literature, probably due to the
different baseline characteristics and the inclusion criteria. Finally, repeating GDF-15 measurements would
have given us an idea of the dynamic changes in the infarct myocardium, however we did not perform repeat
measurements in this study.

The infarct area can be reduced and better LV improvement can be achieved by saving more myocardium
in patients who undergo percutaneous coronary procedures in the early period. 33 According to their study,
1-year mortality was higher in patients with a > 4 hour
symptom-to-balloon time (OR: 1.55, 95% CI 1.01-2.4, p
< 0.001). A symptom-to-balloon time < 270 min was determined as the cut-off value for LV recovery in our study,
and below this cut-off value, a 2.5-fold higher rate of LV
recovery was detected. A short symptom-to-balloon
time contributed to post PCI TIMI flow 3 (p = 0.012).33
Although there was no statistical relationship between
the symptom-to-balloon time and the presence of postTIMI flow 3 in our study, the presence of post-TIMI flow
3 in univariate analysis predicted LV recovery (OR: 0.190,
95% CI 0.062-0.581, p = 0.004), however it did not reach
statistical significance in multivariate analysis (OR: 0.450,
95% CI 0.144-1.403, p = 0.109). The exclusion of patients with post-PCI TIMI flow 0-1 from the study may
have led to different results. In addition, the presence of
coronary microcirculation is an important predictor of
LV systolic function. For this reason, even if TIMI flow 3
is supplied, if the microcirculation cannot be achieved,
there may be wall motion defects and consequently loss
of LV function.
In our study, approximately 70% of the patients were
given angiotensin-converting enzyme (ACE) inhibitors/
angiotensin II receptor blockers (ARBs), and approximately 80% of the patients received beta-blocker treatment after the procedure. However, no relationship was
established between LV recovery and medical treatment.
There could be several possible reasons for this. First,
the number of patients was small and the follow-up period was limited to see the effect of these drugs on remodeling. Moreover, while it is necessary to reach the
maximum dose to affect remodeling, the patients were
discharged with doses at the level of 40% of the maximum dose for ACE inhibitors/ARBs and 55% of the maximum dose for beta-blockers. As a result, the low number of patients, the short follow-up period and the inability to reach the maximum dose may have prevented
the positive effects of these treatments on cardiac dimensions and function.
There are several limitations to this study. First, keeping the GDF-15 samples at -80 °C for a long time may
have ruined stability. Second, while there are many me-

CONCLUSIONS
In this study, we showed that baseline LVEF, presence
of previous angina, pre-PCI TIMI flow, symptom-to-balloon time and GDF-15 were independent predictors of
LV recovery in STEMI patients who underwent successful PCI. Moreover, more adverse remodeling was detected in patients with high GDF-15 levels. Nevertheless,
prospective controlled trials are needed for GDF-15 to
guide patient management and treatment selection, in
addition to other biomarkers and clinical predictors. Patients with increased GDF-15 concentrations could po481
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tentially benefit from anti-inflammatory, antioxidant or
antiaging therapies, considering the functioning mechanism of GDF-15. New treatment goals may emerge with
a better understanding of the pathways where GDF-15
is located.
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