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Aims

Methods
and results

Glucagon-like peptide 1 (GLP-1) is a gut incretin hormone inducing post-prandial insulin secretion. Glucagon-like
peptide 1 levels were recently found to be increased in patients with acute myocardial infarction. Glucagon-like
peptide 1 receptor agonists improve cardiovascular outcomes in patients with diabetes. The aim of this study was
to assess the predictive capacity of GLP-1 serum levels for cardiovascular outcome in patients with myocardial
infarction.

In 918 patients presenting with myocardial infarction [321 ST-segment elevation myocardial infarction and 597
non-ST-segment elevation myocardial infarction (NSTEMI)] total GLP-1, N-terminal pro-B-type natriuretic peptide
(NT-proBNP) levels and the Global Registry of Acute Coronary Events (GRACE) score were assessed at time of
hospital admission. The primary composite outcome of the study was the first occurrence of cardiovascular death,
non-fatal myocardial infarction, or non-fatal stroke. Kaplan—Meier survival plots and univariable Cox regression
analyses found GLP-1 to be associated with adverse outcome [hazard ratio (HR) of logarithmized GLP-1 values:
6.29, 95% confidence interval (Cl): 2.67—14.81; P < 0.0001]. After further adjustment for age, sex, family history of
cardiovascular disease, smoking, diabetes, hypertension, hypercholesterinaemia, glomerular filtration rate (GFR)
CKD-EPI, hs-CRP, hs-Troponin T, and NT-proBNP levels the HR remained significant at 10.98 (95% ClI: 2.63—
45.90; P=0.0010). Time-dependent receiver operating characteristic curve analyses illustrated that GLP-1 levels are
a strong indicator for early events. For events up to 30 days after admission, GLP-1 proved to be superior to other
biomarkers including hs-Troponin T, GFR CKD-EPI, hs-CRP, and NT-proBNP. Adjustment of the GRACE risk esti-
mate by addition of GLP-1 increased the area under the receiver operating characteristic curve over time in
NSTEMI patients.

Conclusion In patients hospitalized for myocardial infarction, GLP-1 levels are associated with cardiovascular events.
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|ntr0ducti0n . immediate or early coronary angiography." While patients with
. STEMI (ST-segment elevation myocardial infarction) require immedi-

Based on current guidelines early risk stratification in patients with :  ate revascularization, patients with NSTEMI (non-ST-segment eleva-

acute myocardial infarction is essential to identify patients requiring * tion myocardial infarction) can be stratified by symptoms and
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comorbidities to receive coronary angiography within 24 or 72 h.
Currently, validated scoring systems, such as the Global Registry of
Acute Coronary Events (GRACE) score and the TIMI risk score are
used to assess the patient’s individual risk and determine triage and
therapeutical decisions.”>

Glucagon-like peptide 1 (GLP-1) is an incretin hormone, that is
secreted from gut enteroendocrine L-cells following food intake
leading to insulin secretion in a glucose-dependent manner.* This
mode of action has made GLP-1 an attractive therapeutic target for
the treatment of diabetes.” Experimental studies found GLP-1 to
exert pleiotropic vascular- and cardioprotective effects beyond its
glucoregulatory function.* Importantly, four large clinical trials could
show that treatment with GLP-1 receptor agonists reduce cardiovas-
cular events in high-risk patients with diabetes.*? Recently, we found
endogenous circulating GLP-1 concentrations to be elevated in
patients with acute myocardial infarction and increased GLP-1 secre-
tion in mice following experimental permanent LAD ligation, which
occurred independent of food intake.'® Increased GLP-1 secretion in
response to myocardial infarction proved to be cardioprotective in
mice by augmenting left ventricular contractility.'® These findings
identified GLP-1 as an endogenous counter-regulatory cardioprotec-
tive peptide during myocardial infarction. In this study, we sought to
assess the predictive capacity of an activated GLP-1 system for car-
diovascular outcome in patients with myocardial infarction.

Methods

Study population and follow-up

Between 2006 and 2010, we recruited 918 patients [mean age + standard
deviation (SD) = 67 £ 13 years; men 73%)] with STEMI (35%) or NSTEMI
(65%) at the time of hospital admission at the University Hospital
Heidelberg. The only exclusion criterion was refusal to provide written
informed consent. Patient risk stratification, treatment, and management
decisions were left to the discretion of the attending cardiologist. When a
patient reported another hospital admission for cardiovascular reasons
during the study interval, hospital discharge reports were obtained and
checked for a diagnosis of a cardiovascular event or death. In this study,
we included both patients with completed follow-up and also patients
who were lost to follow-up and who were treated as censored observa-
tions in the Cox regression model. The study follow-up was performed
by using hospital records, questionnaires, phone calls, and death certifi-
cates. The study complies with the Declaration of Helsinki and the locally
appointed ethics committee approved the research protocol. All patients
provided written informed consent. The GRACE risk score has been
described elsewhere.? Briefly, the GRACE score is derived from eight
variables that are available at hospital admission (age, heart rate, systolic
blood pressure, serum creatinine concentration, Killip class, cardiac ar-
rest, presence of ST-segment deviation, and elevated cardiac enzymes/
markers). At the moment of hospital admission, the respective values for
these variables were entered into the GRACE risk calculator (available at
http://www.outcomes-umassmed.org/grace).

Laboratory parameters

All blood samples were drawn in the chest pain unit (CPU) before medic-
al treatment was initiated in the CPU and prior angiography. Serum sam-
ples were obtained by venipuncture at the time of admission and stored
at -80°C. High-sensitivity Troponin T was measured in all patients using
the COBAS E411 platform (Roche Diagnostics). For patients that

presented between 2006 and 2008, the fourth generation Troponin T
assay (Roche Diagnostics) was determined during clinical routine. A cut-
off of 0,03 ng/mL was considered as indicative of myocardial injury in all
patients. N-terminal pro-B-type natriuretic peptide (NT-proBNP) levels
were measured by an immunoassay on an Elecsys 2010 instrument
(Roche Diagnostics). Total GLP-1 levels were determined by using a
commercial ELISA kit (Millipore). Readjudication of the diagnosis of myo-
cardial infarction and type was performed by two independent cardiolo-
gists based on all available clinical data including angiography and imaging
(echocardiography, magnetic resonance imaging if available). This study is
based on a retrospective analysis from frozen serum samples. Additional
clinical characteristics/parameters were also assessed retrospectively
from the routine clinical documentation system.

Statistical analysis

Continuous data are presented as mean + SD or median (Q1-Q3) in
case of skewed data. Categorical outcomes are given as absolute and rela-
tive frequencies (%). For descriptive purposes, baseline characteristics
and Kaplan—Meier curves are shown in dependence of the empirical
GLP-1 tertiles (low: GLP-1<35.5 pM, medium: GLP-1 between 35.5 and
53.5 pM, and high: GLP-1>53.5 pM). All further analyses refer to the
continuously measured GLP-1 levels at admission.

The association between baseline characteristics and GLP-1 tertiles
was assessed using the Cochrane-Armitage test for nominal character-
istics and using the Spearman correlation coefficient p in the case of
continuous characteristics. Kaplan—Meier cumulative event curves were
used to display survival outcomes in dependence of GLP-1 tertiles.
Differences between the GLP-1 tertiles were investigated using a Cox
regression model. Median follow-up times were computed separately
for the combined triple endpoint and all-cause mortality by the reverse
Kaplan—Meier method. Univariable and multivariable Cox regression
models were applied to investigate the association of logarithmized
GLP-1 levels and survival outcomes. Skewed data were logarithmically
transformed to improve model stability. The proportional hazards as-
sumption was checked graphically using Schoenfeld residuals. If neces-
sary, the Cox regression models included a logarithmic interaction
term of logarithmized GLP-1 values with time. The reported hazard
ratios of the logarithmized GLP-1 values refer to the hazard ratio at
0days. Time-dependent ROC curves were estimated to investigate the
ability of GLP-1 levels to predict future outcomes. The performance
of GLP-1 in the entire collective was compared to other clinically rele-
vant markers [glomerular filtration rate (GFR) CKD-EPI, hs-Troponin
T, NT-proBNP, and hs-CRP) by means of the area under the receiver
operating characteristic curve (AUC). In the subgroup of NSTEMI
patients, we analysed the ability of the GRACE score alone and in
combination with NT-proBNP and GLP-1 to predict cardiovascular
outcomes. All time-dependent ROC curves were estimated using the
inverse probability of censoring weighting method by Hajime Uno et
al™ The level of significance was set at 5%. No adjustments were
made for multiple comparisons. Statistical analyses were performed
using SAS software version 9.4 (PROC PHREG; SAS Institute, Cary,
NC, USA) and R, version 3.5.1," packages timeROC'® and survival."

Results

Baseline characteristics

Clinical and laboratory baseline characteristics, biomarker concentra-
tions and baseline medication according to GLP-1 tertiles are shown
in Tables 1 and 2. GLP-1 tertiles were significantly associated with
various cardiovascular risk factors including smoking, pre-existing
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Table I Baseline characteristics

Tertiles of GLP-1 (pM)

Characteristics All patients (n=918)  <35.5 (n=301) 35.5-53.5(n=299) >53.5(n=299) P-value®
Demographics
Age (years) 669 +£12.7 649 £ 133 673+ 119 68.6 £ 12.8 0.0001
Sex (male) 672 (73.2%) 192 (63.8%) 232 (77.6%) 235 (78.6%) <0.0001
Cardiovascular risk factors
Smoker 498 (59.4%) 188 (66.7%) 145 (53.7%) 152 (56.5%) 0.0141
Hypertension 664 (75.4%) 206 (71.5%) 216 (76.3%) 229 (78.7%) 0.0451
Hypercholesterolaemia 452 (58.2%) 136 (53.5%) 150 (58.1%) 161 (63.9%) 0.0182
Diabetes mellitus 223 (25.4%) 50 (17.2%) 72 (25.4%) 98 (34.5%) <0.0001
Systolic blood pressure (mmHg)  143.8 + 23.2 1458 + 244 143.6 +22.8 1418 £ 222 0.1325
Kidney disease 101 (11.2%) 22 (7.3%) 27 (9.0%) 52 (17.5%) <0.0001
Liver disease 17 (1.9%) 4 (1.3%) 5(1.7%) 8 (2.7%) 0.2239
COPD 76 (8.4%) 26 (8.6%) 23 (7.7%) 27 (9.1%) 0.8540
Atrial fibrillation 74 (8.2%) 20 (6.6%) 15 (5.0%) 39 (13.1%) 0.0042
GRACE score 1491 +£ 312 142.7 £ 30.2 149.5 + 30.2 1549 + 322 <0.0001
GRACE category
Low (<108) 67 (7.3%) 34 (11.3%) 17 (5.7%) 16 (5.4%)
Medium (108-140) 314 (34.2%) 111 (36.9%) 107 (35.8%) 89 (29.8%)
High (>140) 537 (58.5%) 156 (51.8%) 175 (58.5%) 194 (64.9%)
Previous cardiovascular disease
Family history of CVD 305 (40.2%) 105 (40.7%) 96 (38.7%) 97 (40.9%) 0.9691
Myocardial infarction 218 (24.9%) 71 (24.4%) 64 (22.6%) 79 (27.8%) 0.3475
PTCA 244 (27.9%) 74 (25.5%) 84 (29.4%) 83 (29.8%) 0.2595
CABG 92 (10.4%) 21 (7.1%) 36 (12.5%) 34 (11.9%) 0.0587
Myocardial infarction subtype
NSTEMI 597 (65.0%) 207 (68.8%) 198 (66.2%) 187 (62.5%) 0.1077

STEMI

321 (35.0%)

94 (31.2%)

101 (33.8%)

112 (37.5%)

Risk markers at baseline
hs-Troponin T (ng/L)
NT-proBNP (pg/mL)
hs-CRP (mg/L)

Serum creatine kinase (U/L)
Glucose (mg/dL)
GFR CKD-EPI (mL/min/1.73 m?)

146.3 (46.45-492.6)
663.6 (184.5-2271)
428 (1.70-15.26)
181 (107-398)
129 (108-158)

758 +24.6

107.3 (42.97-371.65)
401.1 (137.6-1512)
3.39 (1.37-9.19)
161 (101-325)
121 (105-150)
82.8+218

160.5 (46.11-504.7) 180.1 (51.5-615.7) 0.0134
662.6 (171.9-2051) 1149.5 (293.5-3908)  <0.0001
3.91 (1.67-12.51) 6.88 (2.37-33.9) <0.0001
191 (113-437) 210 (110-419) 0.0316
129 (107-156) 136 (117-180) <0.0001
772220 66.9 +26.9 <0.0001

Continuous variables are expressed as mean + SD or median (Q1-Q3) in case of skewed data. Categorical variables are shown as absolute and relative frequencies.
?P-value of the test that Spearman’s rank correlation coefficient p # 0 in the case of continuous characteristics or P-value of the Cochrane—Armitage test in the case of nominal

characteristics.

hypertension, hypercholesterolaemia, and diabetes. Furthermore,
GLP-1 tertiles were positively correlated with the GRACE risk score.
Most of the patients at the lowest estimated cardiovascular risk based
on the GRACE risk score after myocardial infarction (low GRACE
score) were in the lowest GLP-1 tertile (<35.5 pM), while the major-
ity of patients at a high GRACE risk score were in the highest GLP-1
tertile (>53.5 pM). GLP-1 tertiles were also positively correlated
with kidney dysfunction and markers of ongoing ischaemia and necro-
sis, myocardial dysfunction, and inflammation, as indicated by the lev-
els of GFR CKD-EPI, serum creatine kinase (CK), hs-Troponin T,
NT-proBNP, and hs-CRP. GLP-1 tertiles were not associated with
previous myocardial infarction or family history of cardiovascular dis-
ease (Table 7).

Glucagon-like peptide 1 levels and
cardiovascular risk

Among the 918 patients enrolled in the study a combined endpoint
of the first occurrence of non-fatal myocardial infarction or non-fatal
stroke or cardiovascular death (3-P MACE) was observed in 62
patients (7%) (29 patients with non-fatal myocardial infarction, four
patients with non-fatal stroke, and 29 patients with cardiovascular
death), while death (all-cause mortality) was observed in 68 patients
(7%) (Tables 3 and 4). The median follow-up was 310 days for the
combined triple endpoint and 311days for all-cause mortality.
Increasing GLP-1 tertiles predicted a significant increased risk for the
combined triple endpoint of non-fatal myocardial infarction, non-fatal
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Table2 Baseline medication
Tertiles of GLP-1 (pM)
Premedication All patients <35.5 (n=1237)* 35.5-53.5 >53.5 (n =223)* P-value®
(n=697) (n=225)
ACEi/ARB 333 (49.1%) 95 (41.3%) 110 (50.5%) 123 (56.4%) 0.0013
MRA 26 (3.9%) 6 (2.6%) 6 (2.8%) 14 (6.5%) 0.0386
Calcium channel blocker 121 (17.9%) 35 (15.2%) 37 (17.0%) 47 (21.6%) 0.0810
Beta-blocker 290 (42.8%) 86 (37.2%) 91 (41.9%) 109 (49.8%) 0.0073
Antiplatelet therapy 277 (39.9%) 82 (34.6%) 99 (44.0%) 95 (42.8%) 0.0698
Phenprocoumon/warfarin 46 (6.7%) 12 (5.1%) 10 (4.5%) 24 (11.0%) 0.0146
Statin 220 (32.0%) 65 (27.7%) 67 (30.2%) 87 (39.7%) 0.0064
Diuretic 209 (30.8%) 55 (23.8%) 64 (29.4%) 89 (40.8%) 0.0001
Antidiabetic premedication
Metformin 66 (9.6%) 8 (3.4%) 25 (11.2%) 32 (14.6%) <0.0001
Sulfonylurea/glinides 51 (7.4%) 7 (3.0%) 20 (9.0%) 23 (10.5%) 0.0022
Insulin 56 (8.1%) 16 (6.8%) 16 (7.1%) 24 (10.9%) 0.1153
Data are shown as absolute and relative frequencies.
ACEi, ACE inhibitor; ARB, angiotensin Il receptor blocker; MRA, mineralocorticoid receptor antagonist.
“No information on medication for 221 patients.
PP-value of the Cochrane—Armitage test.
Table 3 Univariable Cox regression for glucagon-like peptide 1 tertiles
Survival outcome No. events Comparison of GLP-1 tertiles, pM Estimated hazard ratio (95% CI)? P-value
Combined triple endpoint 62 Low, <35.5 vs. medium, 35.5-53.5 5.56 (1.54-20.07) 0.0088
Low, <35.5 vs. high, >53.5 22.47 (3.20-157.62) 0.0017
Medium, 35.5-53.5 vs. high, >53.5 4.04 (1.55-10.51) 0.0042
All-cause mortality 68 Low, <35.5 vs. medium, 35.5-53.5 5.10 (1.64-15.88) 0.0049
Low, <35.5 vs. high, > 53.5 15.23 (2.82-82.42) 0.0016
Medium, 35.5-53.5 vs. high, >53.5 2.99 (1.29-6.93) 0.0108

Both models include an interaction term between GLP-1 tertile and log(time+1).
?Estimated hazard ratio at O days.

stroke or cardiovascular death (Figure 1A and Table 3) and all-cause
mortality (Figure 1B and Table 3).

Univariable Cox regression analyses based on the continuously
measured GLP-1 levels revealed that GLP-1 levels at hospital admis-
sion predicted the first occurrence of the combined triple endpoint
[hazard ratio (HR) of logarithmized GLP-1 values: 6.29; 95% confi-
dence interval (Cl): 2.67-14.81; P < 0.0001] as well as cardiovascular
(HR: 6.74; 95% Cl: 2.64-17.21; P <0.001) and overall mortality (HR:
5.71; 95% Cl: 2.59-12.60; P < 0.0001) (Table 4). GLP-1 levels were
not significantly predictive for non-fatal myocardial infarction, non-
fatal stroke, rehospitalization (for acute coronary syndrome), and
coronary reintervention (following previous coronary stent implant-
ation) (Table 4).

Multivariable Cox regression analyses based on continuous GLP-1
levels are presented in Table 5. Adjustment for age and sex (multivari-
able Model 1) and further adjustment for smoking, hypertension,
hypercholesterolaemia, diabetes, and family history of cardiovascular
disease (multivariable Model 2) did not affect the association of

GLP-1 with adverse outcomes (Table 5). In an additional multivariable
Cox regression analysis (multivariable Model 3) we extended model
2 to further adjustment for GFR CKD-EPI, hs-Troponin T, NT-
proBNP, and hs-CRP. In this model, the association between GLP-1
and the combined triple endpoint remained significant with a P-value
of 0.0010 (HR: 10.98; 95% Cl: 2.63—45.90), while mortality showed a
non-significant trend (HR: 3.58; 95% Cl: 0.91-14.04; P=0.0675).
Finally, in multivariable Cox regression model 4, we adjusted for all
baseline variables from Table 1 with a P-value <0.25 in the univariable
Cox regression analysis [(i) combined triple endpoint: age, hyperten-
sion, hypercholesterolaemia, diabetes mellitus, systolic blood pres-
sure, kidney disease, liver disease, atrial fibrillation, family history of
cardiovascular disease, myocardial infarction, PTCA, CABG, myocar-
dial infarction subtype (NSTEMI/STEMI), GFR CKD-EPI and logarith-
mized values of, NT-proBNP, hs-CRP, and glucose; (ii) death: age,
hypertension, diabetes mellitus, family history of cardiovascular dis-
ease, myocardial infarction, myocardial infarction subtype (NSTEMI/
STEMI), GFR CKD-EPI, and logarithmized values of hs-Troponin T,
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NT-proBNP, hs-CRP, and glucose]. In this model, GLP-1 was still sig-
nificantly associated with the first occurrence of the combined triple
endpoint and death. Furthermore, adjustment for medication did not
affect the significant association between GLP-1 levels and cardiovas-
cular endpoints as shown in Supplementary material online, Table S1.
As the Schoenfeld residuals indicated a violation of the proportion-
al hazards assumption for GLP-1, all aforementioned Cox regression
models included a logarithmic interaction effect between GLP-1 and
time. This interaction term was statistically significant in all models,
except for Models 3 and 4 for all-cause mortality and indicated that
the hazard ratio of logarithmized GLP-1 values decreases over time.

Table4 Univariable Cox regression for log(GLP-1)

Survival outcomes Number Estimated P-value
of events hazard ratio
(95% CI)?

Combined triple endpoint® 62 6.29 (2.67-14.81) <0.0001
5.71 (2.59-12.60) <0.0001

6.74 (2.64-17.21) <0.0001

All-cause mortality® 68
Cardiovascular mortality® 29

Non-fatal myocardial 29 1.08 (0.53-2.21)  0.8250
infarction

Non-fatal stroke 4 144 (0.23-8.89)  0.6967

Rehospitalization 217 0.91(0.70-1.19)  0.4992

Coronary reintervention 91 0.96 (0.63-1.45)  0.8371

?Estimated hazard ratio (at O days in the presence of an interaction term with
time).
®Model includes an interaction term between log(GLP-1) and log(time+-1).
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Consequently, high GLP-1 values are primarily associated with events
occurring early after myocardial infarction.

Kaplan—Meier cumulative event curves likewise demonstrated a
higher risk for the combined triple endpoint and death in higher GLP-
1 tertiles especially at early time points (Figure 7). Time-dependent
receiver operating characteristic curve analyses illustrated that GLP-
1 is a strong indicator for early events (Supplementary material on-
line, Figures ST and S2 and Tables S2 and S3), which proved to be su-
perior to hs-Troponin T, GFR CKD-EPI, NT-proBNP, and hs-CRP
within the first month (Supplementary material online, Figure S7) and
remained superior to hs-CRP and hs-Troponin T overtime for the
combined triple endpoint. Adjustment of the GRACE risk estimate
by GLP-1 increased the AUC for the combined triple endpoint after
1month from 0.85 (GRACE) to 0.88 (GRACE + GLP-1) in NSTEMI
patients. Addition of GLP-1 to a model containing GRACE and NT-
proBNP led to a further improvement in model performance (in-
crease in AUC from 0.87 for GRACE + NT-proBNP to 0.90 for
GRACE + NT-proBNP + GLP-1). A similar increase of the AUC
after addition of GLP-1 can be observed after 1 week, 2 weeks, and
6 months for the combined triple endpoint (Supplementary material
online, Figure S3) and for mortality (Supplementary material online,
Figure $4). Admission GLP-1 levels in patients with myocardial infarc-
tion were associated with cardiovascular prognosis in the subgroups
of patients with or without diabetes (Supplementary material online,
Figures S5 and S6 and Tables S4 and S5).

Discussion

This study demonstrates that GLP-1 is a powerful biomarker of car-
diovascular events (3-P MACE) and death in patients with acute myo-
cardial infarction. Glucagon-like peptide 1 is a strong indicator

B GLP-1 tertiles (pM) — <355 — 355-535 — >535

0.25
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[=]
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Figure | (A) Kaplan—Meier cumulative event curves for the combined triple endpoint (cardiovascular death, non-fatal myocardial infarction, or
non-fatal stroke) with patients separated by GLP-1 tertiles. (B) Kaplan—Meier cumulative event curves for all-cause mortality with patients separated

by GLP-1 tertiles.
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Table5 Multivariable Cox regression for log(GLP-1)

Model 1 Model 2

Estimated hazard P-value Estimated hazard P-value Estimated hazard P-value Estimated hazard P-value
ratio (95% CI)

<0.0001 10.97 (2.89-41.67)
<0.0001 591 (1.71-20.48)

Survival outcome
ratio (95% CI)

Combined triple endpoint5.85 (2.48-13.82)

All-cause mortality 4.98 (2.25-10.99)

Model 3 Model 4

ratio (95% CI) ratio (95% CI)

0.0004 10.98 (2.63—45.90) 0.0010 10.36 (2.04-52.70) 0.0048
0.0051 358 (0.91-14.04) 0.0675  4.74 (1.47-15.30)  0.0093

All models include an interaction term between log(GLP-1) and log(time + 1). The estimated hazard ratio is the hazard ratio at 0 days. Model 1 was adjusted for age and sex.
Model 2 was adjusted for age, sex, smoking, hypertension, hypercholesterolaemia, diabetes mellitus, and family history of cardiovascular disease. Model 3 was adjusted for age,
sex, smoking, hypertension, hypercholesterolaemia, diabetes mellitus, family history of cardiovascular disease, GFR CKD-EPI, and logarithmized values of hs-Troponin T, NT-
proBNP, and hs-CRP. Model 4 was adjusted for all baseline variables from Table 1 (except for GRACE-Score and GRACE-Category) with a P-value <0.25 in the univariable
Cox regression analysis. For the combined triple endpoint, these were age, hypertension, hypercholesterolaemia, diabetes mellitus, systolic blood pressure, kidney disease, liver
disease, atrial fibrillation, family history of cardiovascular disease, myocardial infarction, PTCA, CABG, myocardial infarction subtype (NSTEMI/STEMI), GFR CKD-EPI, and loga-
rithmized values of NT-proBNP, hs-CRP, and glucose. For all-cause mortality, these were age, hypertension, diabetes mellitus, family history of cardiovascular disease, myocar-
dial infarction, myocardial infarction subtype (NSTEMI/STEMI), GFR CKD-EPI, and logarithmized values of hs-Troponin T, NT-proBNP, hs-CRP, and glucose.

especially for early events for which it proved to be superior to
established biomarkers like hs-CRP, hs-Troponin T, NT-proBNP,
and GFR CKD-EPI. Further adjustment for age, sex, cardiovascular
risk factors (hypertension, hypercholesterolaemia, diabetes mellitus,
and family history of cardiovascular disease), and well-established risk
indicators (GFR CKD-EPI, hs-Troponin, NT-proBNP and hs-CRP)
did not affect this significant association.

In a previous experimental study, we found the GLP-1 system to
be activated during myocardial infarction in mice leading to aug-
mented left ventricular contrac‘cility.10 Importantly, clinical studies
found treatment with the GLP-1 receptor agonist exenatide at the
time of primary percutaneous coronary intervention to reduce in-
farct size and improve left ventricular function in patients with myo-
cardial infarction.""” Furthermore, four large clinical outcome trials
could show that activation of the GLP-1 system reduced cardiovascu-
lar events in patients with diabetes at high cardiovascular risk.”™

We have earlier reported higher GLP-1 levels to be present in
patients with STEMI compared to clinically stable patients with the
angiographic exclusion of coronary artery disease.’® Since myocardial
infarction is known to induce a massive systemic inflammatory activa-
tion with the release of multiple proinflammatory mediators,'®2° we
measured circulating cytokines in STEMI patients after admission.
Interestingly, GLP-1 strongly correlated with cytokines like IL-6 in
these STEMI patients.'® This is in line with previous experimental
work showing that inflammatory stimuli like LPS and IL-18 directly in-
duce GLP-1 secretion by an IL-6 dependent mechanism.2"*
Consistently, GLP-1 levels in patients with sepsis are strongly ele-
vated compared to patients without sepsis and were positively corre-
lated with inflammatory markers like IL-6 and CRP.2223 |n this study,
endogenous GLP-1 levels of patients with acute myocardial infarction
were positively associated with the inflammatory parameter hs-CRP
levels (Table 1). On the basis of these findings, we assume that the in-
flammatory response after myocardial infarction leading to elevation
of proinfllammatory cytokines directly induces GLP-1 secretion in
patients with STEMI/NSTEMI. Although the cross-sectional design of
the study does not imply causality, we hypothesize that patients with
the highest GLP-1 secretion had the strongest systemic inflammatory
response following myocardial ischaemia, and therefore, the worst
prognosis. We assume that the massive systemic inflammatory

activation causes the association between high GLP-1 levels and ad-
verse outcome, while GLP-1 might still be protective.

As shown in Figure 1, Supplementary material online, Figures S1 and
$2 higher GLP-1 levels strongly correlate with adverse outcome only
at early timepoints. After 600 days, clear separation of the 3 GLP-1
tertiles was lost (Figure 1), which might be explained by the limited
number of patients at risk at this time point. Future studies with more
patients and repeated GLP-1 measurements over time are necessary
to better understand this observation.

Considering the broad cardiovascular protective effects of GLP-1
it appears unlikely that higher GLP-1 levels after myocardial infarction
in the current study are detrimental and responsible for adverse out-
comes and early death. Previous experimental work showed that the
increase of endogenous GLP-1 levels in terms of inflammatory stimuli
like myocardial infarction and sepsis is protective, since blocking of
the GLP-1-receptor worsened while genetic DPP4-deficiency or
pharmacological DPP4 inhibition (leading to less degradation of en-
dogenous GLP-1, thereby increased GLP-1 levels) improved myocar-
dial function and survival.'®** GLP-1 might be in line with natriuretic
peptides or IL-10, which are up-regulated following inflammatory
stimuli and predict adverse clinical outcomes in patients with myocar-
dial infarction but still remain organoprotective as endogenous coun-
terregulatory factors.”>*° Thus, although endogenous natriuretic
peptide levels were associated with poor cardiovascular prognosis,
blocking degradation of natriuretic peptides by pharmacological
neprilysin inhibition improved cardiovascular prognosis in patients
with heart failure.*

As previously shown, biomarkers including hs-Troponin T, NT-
proBNP, and hsCRP as well as risk scores like the GRACE score are
powerful tools for risk stratification in patients with myocardial in-
farction. Importantly, the combination of these established bio-
markers with the GRACE score can enhance risk discrimination.’’
We found GLP-1 levels to have a similar predictive value as these
established biomarkers in patients with acute myocardial infarction.
Therefore, GLP-1 levels used alone or in combination with other bio-
markers or risk scores might improve risk stratification and clinical
decision making in patients with acute coronary syndrome. In add-
ition, deciphering the role of GLP-1 as a potential novel biomarker of
cardiovascular risk will foster our understanding of the gut—vascular
axis as a yet fairly neglected field of system biology. While the
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pathophysiological role of other biomarkers related to the immune
system (hs-CRP and IL-6), myocardial infarction (Troponin T/l), myo-
cardial stretch (NT-proBNP) or thrombosis (D-dimer) have been
well described there is no robust data on gut hormones and cardio-
vascular risk.*?

Limitations of the study

This study has several strengths and limitations. We do report strong
association of GLP-1 levels with cardiovascular outcome and mortal-
ity which remained significant in complex statistical models and
proved superior to established biomarkers at early time points fol-
lowing myocardial infarction. However, this observation does not
imply causality, which cannot be assessed in the performed observa-
tional cross-sectional cohort study design with limited duration and
number of events. Further, additional baseline characteristics includ-
ing body mass index, waist circumference, fasting glucose, liver stea-
tosis, alcohol intake, gout, and exercise—which were not collected in
the current study—might have affected GLP-1 serum levels. Finally,
we have no information on prediabetes and impaired glucose toler-
ance, which could have impact on the association of GLP-1 and car-

diovascular prognosis.®**

Future directions

Additional larger prospective studies with repeated GLP-1 measure-
ments are warranted to further evaluate clinical applicability of GLP-1
as a novel biomarker in patients with acute myocardial infarction.

In conclusion, in patients hospitalized for myocardial infarction,
GLP-1 levels are associated with cardiovascular events and proved to
be superior to established biomarkers for early events. Moreover, ad-
mission GLP-1 levels added additional value to the GRACE risk score
in NSTEMI patients. Future studies are needed to investigate whether
GLP-1 can improve therapeutic decision making in NSTEMI/STEMI
patients.

Supplementary material
Supplementary material is available at European Heart Journal online.

Acknowledgements

We thank Heidi Deigentasch (Study Nurse, University Hospital
Heidelberg) for helping to provide patient parameters from our
biobank.

Funding

This study was supported by grants from the Else Kroner-Fresenius
Foundation and the German Society for Cardiology (DGK) to FK. and
grants from the Deutsche Forschungsgemeinschaft (SFB TRR 219 M-03)
to M.L. and the Marga und Walter Boll-Stiftung, to M.L. N.M. was sup-
ported by grants from the Deutsche Forschungsgemeinschaft (SFB TRR
219 M-03 and M-05) as well as the CORONA Stiftung, Germany.

Conflict of interest: E.G. declares to have no conflict of interest con-
cerning this manuscript and has served as a speaker for AstraZeneca,
Daiichi Sankyo, Boehringer Ingelheim, Pfizer, Brahms GmbH, Bayer Vital,
Roche Diagnostics and consulted Roche, Brahms GmbH, and Boehringer
Ingelheim. HAAK. served as a speaker for Novo Nordisk, Bayer Vital, and

Daiichi Sankyo and consulted Astra Zeneca, Bayer Vital, Boehringer
Ingelheim, and Fresenius. N.M. has served as speaker for Amgen, Bayer,
Boehringer Ingelheim, Sanofi-Aventis, MSD, BMS, AstraZeneca, Lilly, and
NovoNordisk. N.M. declines all personal compensation from pharma or
device companies. M.L. received grants and personal fees from
Boehringer Ingelheim, grants and personal fees from MSD, grants and
personal fees from Novo Nordisk, personal fees from Amgen, Sanofi,
Astra Zeneca, Bayer, and Lilly. All other authors have no conflict of inter-
est to declare.

References
1. Roffi M, Patrono C, Collet JP, Mueller C, Valgimigli M, Andreotti F, Bax J), Borger
MA, Brotons C, Chew DP, Gencer B, Hasenfuss G, Kjeldsen K, Lancellotti P,
Landmesser U, Mehilli J, Mukherjee D, Storey RF, Windecker S; ESC Scientific
Document Group. 2015 ESC Guidelines for the management of acute coronary
syndromes in patients presenting without persistent ST-segment elevation: task
force for the management of acute coronary syndromes in patients presenting
without persistent ST-Segment Elevation of the European Society of Cardiology
(ESC). Eur Heart | 2016;37:267-315.

. Antman EM, Cohen M, Bernink P}, McCabe CH, Horacek T, Papuchis G,
Mautner B, Corbalan R, Radley D, Braunwald E. The TIMI risk score for unstable
angina/non-ST elevation MI: a method for prognostication and therapeutic deci-
sion making. JAMA 2000;284:835-842.

3. Fox KA, Dabbous OH, Goldberg RJ, Pieper KS, Eagle KA, Van de Werf F,
Avezum A, Goodman SG, Flather MD, Anderson FA Jr, Granger CB. Prediction
of risk of death and myocardial infarction in the six months after presentation
with acute coronary syndrome: prospective multinational observational study
(GRACE). BM] 2006;333:1091.

4. Drucker DJ. Mechanisms of action and therapeutic application of glucagon-like

peptide-1. Cell Metab 2018;27:740-756.

. Lehrke M, Marx N. New antidiabetic therapies: innovative strategies for an old
problem. Curr Opin Lipidol 2012;23:569-575.

. Marso SP, Bain SC, Consoli A, Eliaschewitz FG, Jodar E, Leiter LA, Lingvay |,
Rosenstock J, Seufert J, Warren ML, Woo V, Hansen O, Holst AG, Pettersson |,
Vilsboll T, Investigators S. Semaglutide and cardiovascular outcomes in patients
with type 2 diabetes. N Engl | Med 2016;375:1834-1844.

. Marso SP, Daniels GH, Brown-Frandsen K, Kristensen P, Mann JF, Nauck MA,
Nissen SE, Pocock S, Poulter NR, Ravn LS, Steinberg WM, Stockner M, Zinman
B, Bergenstal RM, Buse JB; LEADER Steering Committee; LEADER Trial
Investigators. Liraglutide and cardiovascular outcomes in type 2 diabetes. N Engl |
Med 2016;375:311-322.

. Hernandez AF, Green |B, Janmohamed S, D’Agostino RB, Granger CB, Jones NP,
Leiter LA, Rosenberg AE, Sigmon KN, Somerville MC, Thorpe KM, McMurray
JJV, Del Prato S; Harmony Outcomes Committees and Investigators. Albiglutide
and cardiovascular outcomes in patients with type 2 diabetes and cardiovascular
disease (Harmony Outcomes): a double-blind, randomised placebo-controlled
trial. Lancet 2018;392:1519-1529.

. Gerstein HC, Colhoun HM, Dagenais GR, Diaz R, Lakshmanan M, Pais P,
Probstfield ], Riesmeyer ]S, Riddle MC, Ryden L, Xavier D, Atisso CM, Dyal L,
Hall S, Rao-Melacini P, Wong G, Avezum A, Basile ), Chung N, Conget |,
Cushman WC, Franek E, Hancu N, Hanefeld M, Holt S, Jansky P, Keltai M, Lanas
F, Leiter LA, Lopez-Jaramillo P, Cardona Munoz EG, Pirags V, Pogosova N,
Raubenheimer PJ, Shaw JE, Sheu WH, Temelkova-Kurktschiev T; REWIND
Investigators. Dulaglutide and cardiovascular outcomes in type 2 diabetes
(REWIND): a double-blind, randomised placebo-controlled trial. Lancet 2019;
394:121-130.

10. Diebold S, Moellmann J, Kahles F, Haj-Yehia E, Liehn EA, Nickel A, Lebherz C,
Maack C, Marx N, Lehrke M. Myocardial infarction is sufficient to increase GLP-1
secretion, leading to improved left ventricular contractility and mitochondrial re-
spiratory capacity. Diabetes Obes Metab 2018;20:2911-2918.

11. Uno H, Cai T, Tian L, Wei LJ. Evaluating prediction rules for t-year survivors
with censored regression models. | Am Stat Assoc 2007;102:527-537.

12. R Core Team. R: A Language and Environment for Statistical Computing. Vienna,
Austria: R Foundation for Statistical Computing, 2017.

13. Blanche P, Dartigues JF, Jacgmin-Gadda H. Estimating and comparing time-
dependent areas under receiver operating characteristic curves for censored
event times with competing risks. Stat Med 2013;32:5381-5397.

14. Therneau T. A Package for Survival Analysis in S. Version 2.38. 2015. https://CRAN.
R-project.org/package=survival.

15. Lonborg J, Kelbaek H, Vejlstrup N, Botker HE, Kim WY, Holmvang L, Jorgensen
E, Helqvist S, Saunamaki K, Terkelsen CJ, Schoos MM, Kober L, Clemmensen P,
Treiman M, Engstrom T. Exenatide reduces final infarct size in patients with ST-

N

wvt

o

~

oo

0

6102 J8qWIBAON G0 UO Jasn saueiqi 1sisywy SSeNN AQ §2688S55/82/ZY8/Mueayina/c60 L 01 /10p/10B1sqe-ajoie-adueApe/luesyina/woo dno-oiwspese//:sdny woJj papeojumoq


https://academic.oup.com/eurheartj/article-lookup/doi/10.1093/eurheartj/ehz728#supplementary-data
https://CRAN.R-project.org/package=survival
https://CRAN.R-project.org/package=survival

F. Kahles et al.

20.

2

=

22.

23.

segment-elevation myocardial infarction and short-duration of ischemia. Circ
Cardiovasc Interv 2012;5:288-295.

. Lonborg |, Vejlstrup N, Kelbaek H, Botker HE, Kim WY, Mathiasen AB,

Jorgensen E, Helqvist S, Saunamaki K, Clemmensen P, Holmvang L, Thuesen L,
Krusell LR, Jensen JS, Kober L, Treiman M, Holst JJ, Engstrom T. Exenatide
reduces reperfusion injury in patients with ST-segment elevation myocardial in-
farction. Eur Heart | 2012;33:1491-1499.

. Woo JS, Kim W, Ha §J, Kim JB, Kim §J, Kim WS, Seon HJ, Kim KS.

Cardioprotective effects of exenatide in patients with ST-segment-elevation
myocardial infarction undergoing primary percutaneous coronary intervention:
results of exenatide myocardial protection in revascularization study. Arterioscler
Thromb Vasc Biol 2013;33:2252-2260.

. Dutta P, Courties G, Wei Y, Leuschner F, Gorbatov R, Robbins CS, Iwamoto Y,

Thompson B, Carlson AL, Heidt T, Majmudar MD, Lasitschka F, Etzrodt M,
Waterman P, Waring MT, Chicoine AT, van der Laan AM, Niessen HW, Piek ),
Rubin BB, Butany J, Stone JR, Katus HA, Murphy SA, Morrow DA, Sabatine MS,
Vinegoni C, Moskowitz MA, Pittet M), Libby P, Lin CP, Swirski FK, Weissleder R,
Nahrendorf M. Myocardial infarction accelerates atherosclerosis. Nature 2012;
487:325-329.

. Hilgendorf |, Gerhardt LM, Tan TC, Winter C, Holderried TA, Chousterman

BG, Iwamoto Y, Liao R, Zirlik A, Scherer-Crosbie M, Hedrick CC, Libby P,
Nahrendorf M, Weissleder R, Swirski FK. Ly-6Chigh monocytes depend on
Nr4a1 to balance both inflammatory and reparative phases in the infarcted myo-
cardium. Circ Res 2014;114:1611-1622.

Swirski FK, Nahrendorf M, Etzrodt M, Wildgruber M, Cortez-Retamozo V,
Panizzi P, Figueiredo JL, Kohler RH, Chudnovskiy A, Waterman P, Aikawa E,
Mempel TR, Libby P, Weissleder R, Pittet M). Identification of splenic reservoir
monocytes and their deployment to inflammatory sites. Science 2009;325:
612-616.

. Ellingsgaard H, Hauselmann |, Schuler B, Habib AM, Baggio LL, Meier DT, Eppler

E, Bouzakri K, Wueest S, Muller YD, Hansen AM, Reinecke M, Konrad D,
Gassmann M, Reimann F, Halban PA, Gromada J, Drucker D), Gribble FM, Ehses
JA, Donath MY. Interleukin-6 enhances insulin secretion by increasing glucagon-
like peptide-1 secretion from L cells and alpha cells. Nat Med 2011;17:
1481-1489.

Kahles F, Meyer C, Mollmann J, Diebold S, Findeisen HM, Lebherz C, Trautwein
C, Koch A, Tacke F, Marx N, Lehrke M. GLP-1 secretion is increased by inflam-
matory stimuli in an IL-6-dependent manner, leading to hyperinsulinemia and
blood glucose lowering. Diabetes 2014;63:3221-3229.

Lebherz C, Kahles F, Piotrowski K, Vogeser M, Foldenauer AC, Nassau K, Kilger
E, Marx N, Parhofer KG, Lehrke M. Interleukin-6 predicts inflammation-induced
increase of Glucagon-like peptide-1 in humans in response to cardiac surgery
with association to parameters of glucose metabolism. Cardiovasc Diabetol 2016;
15:21.

24.

25.

26.

27.

28.

29.

30.

3

=

32.

3

w

34

35.

Steven S, Hausding M, Kréller-Schén S, Mader M, Mikhed Y, Stamm P, ZinBius E,
Pfeffer A, Welschof P, Agdauletova S, Sudowe S, Li H, Oelze M, Schulz E, Klein
T, Minzel T, Daiber A. Gliptin and GLP-1 analog treatment improves survival
and vascular inflammation/dysfunction in animals with lipopolysaccharide-induced
endotoxemia. Basic Res Cardiol 2015;110:6.

Cavusoglu E, Marmur ]JD, Hojjati MR, Chopra V, Butala M, Subnani R, Huda MS,
Yanamadala S, Ruwende C, Eng C, Pinsky D). Plasma interleukin-10 levels and ad-
verse outcomes in acute coronary syndrome. Am | Med 2011;124:724-730.
Murray P). The primary mechanism of the IL-10-regulated antiinflammatory re-
sponse is to selectively inhibit transcription. Proc Natl Acad Sci U S A 2005;102:
8686—-8691.

Vila G, Resl M, Stelzeneder D, Struck J, Maier C, Riedl M, Hulsmann M, Pacher R,
Luger A, Clodi M. Plasma NT-proBNP increases in response to LPS administra-
tion in healthy men. | Appl Physiol (1985) 2008;105:1741-1745.

Omland T, Aakvaag A, Bonarjee VV, Caidahl K, Lie RT, Nilsen DW, Sundsfjord
JA, Dickstein K. Plasma brain natriuretic peptide as an indicator of left ventricular
systolic function and long-term survival after acute myocardial infarction.
Comparison with plasma atrial natriuretic peptide and N-terminal proatrial natri-
uretic peptide. Circulation 1996;93:1963-1969.

Burley DS, Baxter GF. B-type natriuretic peptide at early reperfusion limits in-
farct size in the rat isolated heart. Basic Res Cardiol 2007;102:529-541.

McMurray JJ, Packer M, Desai AS, Gong ], Lefkowitz MP, Rizkala AR, Rouleau JL,
Shi VC, Solomon SD, Swedberg K, Zile MR; PARADIGM-HF Investigators and
Committees. Angiotensin-neprilysin inhibition versus enalapril in heart failure. N
Engl ] Med 2014;371:993-1004.

. Klingenberg R, Aghlmandi S, Riber L, Gencer B, Nanchen D, Heg D, Carballo S,

Rodondi N, Mach F, Windecker S, Juni P, von Eckardstein A, Matter CM, Luscher
TF. Improved risk stratification of patients with acute coronary syndromes using
a combination of hsTnT, NT-proBNP and hsCRP with the GRACE score. Eur
Heart | Acute Cardiovasc Care 2018;7:129-138.

Thomas MR, Lip GY. Novel risk markers and risk assessments for cardiovascular
disease. Circ Res 2017;420:133-149.

. Chattopadhyay S, George A, John J, Sathyapalan T. Adjustment of the GRACE

score by 2-hour post-load glucose improves prediction of long-term major ad-
verse cardiac events in acute coronary syndrome in patients without known dia-
betes. Eur Heart | 2018;39:2740-2745.

Gyberg V, De Bacquer D, Kotseva K, De Backer G, Schnell O, Sundval },
Tuomilehto J, Wood D, Rydén L; EUROASPIRE IV Investigators. Screening for dys-
glycaemia in patients with coronary artery disease as reflected by fasting glucose,
oral glucose tolerance test, and HbAc: a report from EUROASPIRE [V—a survey
from the European Society of Cardiology. Eur Heart | 2015;36:1171-1177.
Norhammar A, Tenerz A, Nilsson G, Hamsten A, Efendic S, Ryden L, Malmberg K.
Glucose metabolism in patients with acute myocardial infarction and no previous
diagnosis of diabetes mellitus: a prospective study. Lancet 2002;359:2140-2144.

6102 J8qWIBAON G0 UO Jasn saueiqi 1sisywy SSeNN AQ §2688S55/82/ZY8/Mueayina/c60 L 01 /10p/10B1sqe-ajoie-adueApe/luesyina/woo dno-oiwspese//:sdny woJj papeojumoq



	ehz728-TF1
	ehz728-TF2
	ehz728-TF3
	ehz728-TF4
	ehz728-TF5
	ehz728-TF6
	ehz728-TF51
	ehz728-TF10
	ehz728-TF8
	ehz728-TF9
	ehz728-TF11

