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Evaluation of the relationship between
inflammation and typical chest pain in ST-
elevation myocardial infarction
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Abstract

Background Previous investigations have shown that the absence of typical breast symptoms is associated with
unfavorable outcomes after an acute myocardial infarction (AMI). Delayed diagnosis and therapy could not explain
these results, so other causes seem to be involved. Therefore, in the present analysis the association between
inflammatory plasma proteins and typical chest pain symptoms in hospitalized patients with acute ST-elevation
myocardial infarction (STEMI) was investigated.

Methods Data from 395 STEMI patients registered by the population-based Myocardial Infarction Registry Augsburg
between 2009 and 2013 were used for analysis. The OLINK inflammatory panel including a total of 92 cytokines was
measured in arterial blood samples, which were obtained immediately after hospital admission within the scope of
cardiac catheterization. The associations between the inflammation markers and typical chest pain were examined by
multiple logistic regression analyses.

Results Altogether, 10.9% of the STEMI patients did not present with typical chest pain. The inflammatory markers
IL8, IL6, FGF-21, CD40, CST5, ADA, OPG, PD-L1, TNFRSF9 and STAMBP were significantly inversely associated with
typical chest pain after FDR-adjustment. The strongest associations were found for FGF-21, CST5 and CD40.

Conclusions These results suggest that a dysregulated inflammatory status is associated with a lack of typical chest
pain in AMI patients. Beyond acute-phase inflammatory interleukins elevated within the early phase of an AMI, such
as IL-6, hepatokines and transmembrane proteins seem to be associated with AMI symptoms. Further research into
the causal mechanisms of these associations is necessary.
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Background

The diagnosis of an acute myocardial infarction (AMI) is
typically based on characteristic clinical symptoms and
changes in the electrocardiogram (ECG). However, many
patients experience atypical and non-specific symptoms
when suffering an AMI [1]. This highlights the necessity
of identifying additional parameters to ensure that this
group of patients is also diagnosed quickly and accurately
since prompt treatment of AMI is crucial for improving
clinical outcomes and both short- and long-term sur-
vival [2, 3]. Given these diagnostic challenges, the study
of biomarkers is gaining increasing importance in under-
standing the pathophysiological processes of AMI and
developing new approaches for diagnostics and risk strat-
ification. According to the World Health Organization
(WHO), biomarkers are broadly defined as “any mea-
surement reflecting an interaction between a biological
system and an environmental agent, which may be chem-
ical, physical, or biological” [4]. In the pathophysiology
of AMI, ischemia caused primarily by thrombosis and
plaque rupture plays a central role by activating inflam-
matory cells and triggering a signal transduction cascade
that exacerbates tissue damage [5]. Some of the most
well-known inflammatory biomarkers including C-reac-
tive protein (CRP), interleukin-6 (IL-6), interleukin-1
(IL-1), and tumor necrosis factor-alpha (TNF-a) were
shown to be associated with AMI and cardiac injury [5—
7]. Since a persistent elevation of inflammatory biomark-
ers is associated with long-term myocardial damage after
AMLI, the identification of specific inflammatory markers
in these patients could enable better prediction of long-
term outcomes and early therapeutic intervention [8].
The advanced technologies available today enable rapid
measurements of numerous pro-inflammatory and anti-
inflammatory markers, which could provide information
on the metabolic pathways involved and opportunities
for the development of next-generation biomarkers. If
laboratory parameters could serve as an additional diag-
nostic indicator particularly in AMI patients without typ-
ical symptoms, the detection of AMI could become more
precise. In this study we investigated whether inflamma-
tory and immune-related biomarkers are associated with
typical chest pain in patients hospitalized with STEMI.

Methods

Study population

In the present study, data from the population-based
Augsburg Myocardial Infarction Registry, Germany, were
used. The registry was established in 1984 as part of the
MONICA project (Monitoring Trends and Determinants
in Cardiovascular Disease) and was continued between
1996 and 2000 as the KORA (Cooperative Health
Research in the Augsburg Region) myocardial infarc-
tion registry. Since 2021, the registry has been based at
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Augsburg University Hospital. The study area covers
around 700,000 inhabitants (city of Augsburg, county of
Augsburg and Aichach-Friedberg). All patients aged 25
to 84 years with main residence in the study area who
were admitted to one of the seven hospitals in the study
area due to an AMI were continuously registered. Further
information on case identification, diagnostic classifica-
tion of events and quality control of data can be found
in prior publications [9, 10]. The blood samples used for
the present study were obtained from 398 consecutive
patients who were admitted to Augsburg University Hos-
pital between May 2009 and July 2013 due to a STEMIL
All study participants gave written informed consent.
The study (original data collection) was approved by
the ethics committee of the Bavarian Medical Associa-
tion (Bayerische Landesdrztekammer), approval num-
ber 12057. Furthermore, the collection of blood was
approved by the ethics committee of the Bavarian Medi-
cal Association, approval number 09016. The study and
blood collection were performed in accordance with the
Declaration of Helsinki.

Data collection

During their hospital stay, all patients were interviewed
by trained study nurses using a standardized question-
naire. Finally, the patients’ medical records were also
reviewed to collect a variety of important medical data
(including data on cardiovascular risk factors, medical
history, concomitant diseases, medication, laboratory
parameters and ECG). Typical chest pain was defined as
chest pain or a feeling of pressure or tightness behind the
breastbone.

Blood collection and analysis

Of the 398 STEMI patients, blood samples were obtained
during cardiac catheterization, which was usually per-
formed immediately after hospital admission. The
EDTA blood samples (arterial blood) were taken at the
beginning of the catheterization and then immediately
processed in the catheter laboratory (centrifugation, ali-
quoting and freezing at -80 °C). A panel of 92 inflamma-
tory plasma proteins was measured in these patients.

For the measurement of the 92 proteins, the Proseek®
Multiplex Inflammation Panel (developed by Olink Pro-
teomics, Uppsala, Sweden) was used. The measurements
were based on the Proximity Extension Assay (PEA).
More detailed information on the measurement can
be found on the Olink Proteomics website [11] and in a
previous publication [12]. A list of all measured plasma
proteins including the short and long form names can be
found in Table S1 of the supplementary material. Accord-
ing to OLINK specifications, all plasma proteins with
25% or more values below the limit of detection (LOD)
were not considered for this analysis (17 proteins). For
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all other plasma proteins, we used the extrapolated val-
ues provided by OLINK, even if the value was below the
LOD.

CRP levels were determined in venous blood samples
taken at hospital admission (usually within 15 min) as
part of the regular diagnosis and routine treatment. CRP-
values were categorized into two groups (> 10 mg/dl ver-
sus < 10 mg/dl). Glomerular filtration rate was estimated
based on creatinine levels at admission by using the
CKD-EPI formula [13].

Statistical analysis

Categorical variables were presented as absolute frequen-
cies with percentages and compared using Chi-square
tests. Continuous variables were presented as mean and
SD (standard deviation) or median and inter-quartile
range (IQR) and compared using Students t tests or
Mann—-Whitney U tests. Boxplots were used to display
group differences for plasma inflammation proteins and
differences were tested using Student’s t tests.

Logistic regression models

The obtained values for each plasma protein were stan-
dardized (the variable was centered and normalized so
that the transformed variable had an expected value of 0
and variance of 1), which provides comparability between
the 92 plasma proteins. Logistic regression models were
calculated to examine the associations between the
inflammatory plasma proteins (exposure) and the out-
come typical chest pain (yes/no). According to literature
research, the models were adjusted for sex (male/female),
age (in years), renal function according to estimated GFR
(3 groups: eGFR=>60 ml/min/1.73m? eGFR 30-59 ml/
min/1.73m?, eGFR<30 ml/min/1.73m?), diabetes mel-
litus (yes/no), and acute infection (CRP-values>10 mg/
dl versus <10 mg/dl). False discovery rate (FDR)-adjust-
ment of the obtained p-values was conducted to control
for multiple testing. Outlier measurements that were
3 standard deviations or further from the mean were
excluded from the analysis. The effect estimates (OR and
95% CI) of the logistic regression models must be inter-
preted as OR per standardized exposure associated with
the outcome (binary variable).

Sensitivity analysis

Based on 388 study participants, we examined whether
the found associations were mainly independent of
infarction size and therefore calculated the logistic
regression models as explained above but additionally
adjusted for troponin I (quantiles).
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Results

In three patients the information on plasma proteins
was missing, so that a total of 395 AMI cases could be
included in the present analysis.

The baseline characteristics for the total sample and
stratified for typical chest pain (yes/no) in STEMI
patients are given in Table 1. STEMI patients without
typical chest pain were older, had more frequently a re-
infarction, were less often current smokers, had more
often low left ventricular ejection fraction (EF) values
and impaired kidney function. Furthermore, they more
often had CRP-values higher than 10 mg/dl at admission.

Results of the logistic regression analyses are displayed
in Fig. 1. The plasma inflammation proteins IL8, IL6,
FGF-21, CD40, CST5, ADA, PD-L1, STAMBP, TNFRSF9
and OPG were significantly inversely associated with typ-
ical chest pain after FDR-adjustment.

In Table S1 of the supplementary material, the total
results (ORs, 95% CI, p values, FDR-adjusted p values)
are displayed. This table also provides the full names of
the measured plasma proteins. Table S2 (supplementary
material) shows the median and IQR values for each
plasma protein, stratified by typical chest pain symp-
toms. This table also lists all parameters excluded from
regression analysis due to more than 25% values below
the limit of detection. In particular, for FDF-23, there was
a marked difference in median values between the two
groups, with a highly significant result in the U-test.

Figure 2 shows the boxplots of plasma proteins that
were significantly associated with chest pain in the
regression analysis. The plots were stratified by typical
chest pain symptoms. For each protein that was associ-
ated in the regression analysis, the unadjusted values
were significantly higher in the ‘no chest pain’ group
compared to the ‘typical chest pain’ group.

Figure S1 displays the results of the sensitivity analysis,
in which regression models were additionally adjusted for
troponin quantiles. This had almost no influence on the
found effect sizes, although the p values were larger than
in the original models.

Discussion

In this analysis, the inflammatory markers IL8, IL6, FGE-
21, CD40, CST5, ADA, OPG, PD-L1, TNFRSF9 and
STAMBP at admission were significantly inversely asso-
ciated in AMI patients with typical chest pain after FDR-
adjustment. The strongest associations were found for
FGF-21, CST5 and CD40.

The diagnosis of an AMI traditionally relies on the pres-
ence of typical symptoms, electrocardiographic changes,
and the detection of cardiac biomarkers [14]. Myocardial
cell death typically begins within six hours after the onset
of ischemia [15, 16]. Since all forms of myocardial injury
trigger an immunological cascade, this opens up both
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Table 1 Baseline characteristics for the total sample and by the presence of typical chest pain at acute STEMI (mean, SD; median IQR;

n (%)
Total sample No Chest Pain Chest Pain P-Value N
N=395 N=43 N=348

Age (mean, SD) 63.5(11.9) 68.6 (10.4) 63.0(12.0) 0.002 395

Sex (female) 107 (27.1) 10(23.3) 96 (27.6) 0.674 395

Prior myocardial infarction 42 (10.6) 9(20.9) 33(9.5) 0.043 395

Comorbidities

Diabetes 107 (27.1) 16 (37.2) 89 (25.6) 0.149 395

Hypertension 301 (76.2) 34 (79.1) 263 (75.6) 0.751 395

Hyperlipidemia 218 (55.2) 17 (39.5) 198 (56.9) 0.046 395

Smoking status <0.001 395

Current smoker 156 (39.5) 11 (25.6) 143 (41.1)

Ex smoker 106 (26.8) 9(20.9) 97 (27.9)

Never smoker 108 (27.3) 12(27.9) 96 (27.6)

Smoking status unknown 25(6.3) 11 (25.6) 12 (34)

Left ventrucular ejection fraction 0.001 395

EF>50% 177 (44.8) 13(30.2) 163 (46.8)

EF 31-50% 173 (43.8) 18 (41.9) 155 (44.5)

EF <30% 29(7.3) 8(18.6) 18(5.2)

EF unknown 16 (4.1) 4(9.3) 12(34)

Renal function <0.001 395

eGFR>60 ml/min/1.73 m? 273 (69.1) 15 (34.9) 257 (73.9)

eGFR 30-59 ml/min/1.73 m’ 108 (27.3) 23(53.5) 82 (23.6)

eGFR <30 ml/min/1.73 m* 14 (3.5) 5(11.6) 9(26)

Admission CRP > 10 mg/dl 17 (4.3) 5(11.9) 12(3.5) 0.033 393

Troponin | at admission (ng/ml) 0.58 (0.1-5.9) 2.33(0.3-7.9) 0.50 (0.1-4.9) 0018 388

Acute Treatment

Percutaneous coronary intervention (PCl) 360 (91.1) 37 (86.0) 320(92.0) 0.312 395

Bypass surgery 41(10.4) 37 (10.6) 0.996 395

Lysis 3(08) 2(0.6) 0.753 395

diagnostic and therapeutic perspectives [17], so that the
diagnostic importance of cardiac biomarkers has signifi-
cantly increased in recent years [14]. Various inflamma-
tory markers can be detected during AMI, which may
be classified according to their origin into three catego-
ries: biomarkers that were elevated prior to infarction;
those directly released from the damaged myocardium;
and systemic markers that rise in response to the isch-
emic event [4, 18]. In particular, markers from the third
group, may provide insights into the patient’s symptom-
atic experience during MI and play a role in diagnosis,
therapy, and prognosis [18]. Among the acute-phase
inflammatory markers, CRP is of note; it correlates with
IL-6 and typically peaks within the first two days after
an AMI [8, 15]. IL-6 is a pleiotropic cytokine with broad
biological functions, affecting both the innate and adap-
tive immune systems, as well as exerting direct effects on
target tissues including the myocardium [19, 20]. Fur-
thermore, IL-6 exhibits a dual role: it is cardioprotective
in the acute phase, while chronically elevated levels are
associated with adverse structural and functional myo-
cardial changes [19, 21]. Elevated IL-6 levels have also
been associated with increased cardiovascular risk prior

to infarction, with some studies indicating more than a
twofold increase in the risk of coronary artery disease
[19, 21, 22]. In the present analysis, elevated IL-6 lev-
els were observed among patients reporting less pro-
nounced symptoms. The underlying mechanisms remain
incompletely understood. Acutely, IL-6 is secreted by
cardiomyocytes in response to ischemia and exerts anti-
apoptotic and tissue-repairing effects [19]. At the same
time, IL-6 has been shown to reduce myocardial contrac-
tility and sympathetic activity, potentially leading to an
attenuated physiological response, manifesting as fewer
or less intense symptoms such as chest pain or dyspnea
[19]. Alternatively, elevated IL-6 levels may have been
preexisting, reflecting chronic comorbid conditions such
as atherosclerosis or type 2 diabetes mellitus—both of
which are associated with a higher likelihood of “silent”
myocardial infarction [15, 23]. The long-term prognostic
significance of IL-6 is also well established, with persis-
tently elevated levels associated with poorer outcomes
following MI, a finding reflected in a previous study of
our group [19].

Another key inflammatory pathway identified in this
study involves the cluster of differentiation 40 (CD40)
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Fig.1 Results of the logistic regression models analyzing the association between typical chest pain and inflammatory plasma proteins. The models were
adjusted for sex, age, renal function, diabetes, acute infection (CRP-values > 10 mg/dl). P-values were FDR-adjusted. Names of the markers are presented

for all markers with FDR-adjusted p-values below 0.05

protein, which interacts with its ligand (CD40L). CD40L
is primarily expressed on activated platelets and plays a
central role in both inflammatory and prothrombotic
processes [15, 24]. In conjunction with TNF-«, which
itself promotes the production of IL-6 and matrix metal-
loproteinases, this pathway contributes to plaque desta-
bilization and ischemic progression [15].

High levels of the pro-inflammatory cytokine IL-8,
which was also inversely related to typical chest pain in
our investigation, were associated with larger infarct size,
impaired left ventricular function recovery, and adverse
clinical outcomes in a prior study on STEMI patients
[25]. In addition, IL-8 seems to be associated with left
ventricular remodeling after acute myocardial infarction
[26].

We also found a strong inverse association between
typical chest pain and the levels of Fibroblast Growth
Factor 21 (FGF-21), another marker known to increase
early after an AMI. Primarily secreted by the liver under
physiological conditions, FGF-21 exhibits antioxidant
and anti-apoptotic properties [27]. It typically peaks
around 24 h post-infarction and remains elevated for up
to seven days [27]. Its cardioprotective effects are partly

due to suppression of IL-6, TNF-a, and reactive oxygen
species (ROS), which may explain the observation that
patients with higher FGF-21 levels experienced milder
symptoms despite ongoing myocardial injury [27, 28]. At
the same time, FGF-21 positively correlates with mark-
ers of organ stress (e.g. AST, creatinine, NT-proBNP),
underscoring its relevance as a prognostic indicator [29].

Other biomarkers significantly inversely associated
with typical chest pain in this study included Cystatin
D (CST5), adenosine deaminase (ADA), Programmed
cell death 1 ligand 1 (PD-L1), STAM-binding protein
(STAMPB), Osteoprotegerin (OPG) and TNF recep-
tor superfamily member 9 (TNFRSF9), also known as
CD137. The enzyme ADA belongs to the purine metabo-
lism, and its activity in serum is considered a marker for
AMI-related inflammation [30]. Changes in ADA activity
have been demonstrated in a number of cardiovascular
diseases such as atherosclerosis, myocardial infarction,
hypertension, diabetes or thrombosis [31].

Several studies have shown that CD137 signalling is
involved in the regulation of a variety of cell death meth-
ods, including apoptosis and autophagy [32, 33], and it
has been observed that CD137 is expressed in human
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Fig. 2 Boxplots of all inflammatory plasma proteins that were significantly associated in the logistic regression models, stratified for typical chest pain

atherosclerotic plaque and patients with acute coronary
syndrome [34, 35]. Elevated levels of soluble CD137
(sCD137) have been identified as an independent risk
factor for ischemia-reperfusion injury in patients with
STEMI [36]. Furthermore, CD137 deficiency has been

shown to protect against post-infarction cardiac fibrosis
and adverse remodeling by modulating the ERK1/2 sig-
naling pathway [37].

CST5, a cysteine protease inhibitor, has a role in
regulating gene transcription and protein expression
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beyond its protease inhibitory function [38]. No prior
study investigated whether there is an association
between CST5 and AMI symptoms, however in a study
by Schmitz et al. a relationship of CST5 with increased
28-day mortality following acute MI was found [39].

PD-L1 is a surface protein that plays an important role
in inhibition of immune responses and is known to be
involved in cancer development and therapy [40]. Prior
literature indicates that it might be involved in ischemic
and non-ischemic heart failure [41]. The PD-1-PD-L1
pathway could also be important in the regulation of
cardiac regeneration [42]. Miyazaki et al. reported that
in coronary artery disease patients, high soluble PD-L1
levels were associated with future cardiovascular events
[43].

OPQG is a soluble receptor and part of the TNF receptor
family. It is primarily involved in the regulation of bone
metabolism [44]. In a review by Samadi et al. it was sug-
gested that OPG might be associated with an increased
risk of coronary artery calcification [45]. Furthermore,
OPG levels are associated with the severity of coronary
artery disease (CAD) [46] and (long-term) prognosis
after coronary artery disease [47, 48].

STAMPB is a relatively unexplored protein which is
part of signal transduction in the JAK-STAT cascade [49,
50]. To our knowledge, there is only very limited research
of its involvement in cardiovascular diseases in general
and myocardial infarction in particular. In a small study
by Bjorkenheim et al. (n = 24) it was found that the sweat
of STEMI patients contained significantly higher levels of
STAMPB compared to controls [51].

A recent study showed that patients presenting without
most typical MI symptoms face a higher risk of short-
term mortality [31]. In terms of long-term prognosis,
most AMI symptoms were linked to a decreased mor-
tality risk; however, shortness of breath and syncope/
unconsciousness stood out by being associated with
higher long-term mortality [52]. It is now well estab-
lished that the cardiovascular and immune systems are
intimately linked [53]. While inflammatory markers may
exert symptom-dampening effects in the acute phase,
some are simultaneously associated with worse short or
long-term prognosis [19, 21, 29, 39, 43, 54, 55]. Despite
promising findings, many of these associations remain
incompletely understood, highlighting the need for fur-
ther research into their causal mechanisms.

In this study, 17 proteins had to be excluded from the
analyses due to 25% or more values below the LOD.
Among them, IL-20, IL-33, leukemia inhibitory factor
(LIF), and fibroblast growth factor 23 (FGF-23) differed
significantly between patients with and without typical
chest pain. The largest difference was seen for FGF-23,
with higher median (IQR) levels in patients without typi-
cal chest pain (2.34 [1.32-2.65]) than in those with typical
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chest pain (1.30 [0.98-1.53]; p < 0.001). Prior studies
showed that FGF-23 is frequently elevated in AMI, likely
due to systemic inflammation, neurohormonal activation
(particularly of the renin—angiotensin—aldosterone sys-
tem), myocardial stress, and renal dysfunction [56, 57].
Elevated FGF-23 concentrations are independently asso-
ciated with adverse left ventricular remodeling, reduced
ejection fraction, heart failure, increased long-term
mortality [58] and recurrent cardiovascular events [59—
61]. Further research is needed to determine whether
excluded proteins, in particular FGF-23, along with the
identified inflammatory markers are associated with typi-
cal chest pain and may improve diagnosis of AMI.

Strengths and limitations

This study has several strengths. The analyses were based
on data from the population-based Augsburg Myocar-
dial Infarction Registry with ongoing recruitment of
patients, which minimizes the effects of selection bias.
Blood samples were collected uniformly during the car-
diac catheterization procedure, ensuring a standardized
approach to blood collection. Extensive information was
available for each AMI case, which could be used for
appropriate adjustment in the logistic regression mod-
els. However, there are also some limitations. This study
is based on observational data only, so no conclusions
on causality can be drawn (including the possibility of
reverse causality). In addition, residual confounding and
unmeasured confounding cannot be completely ruled
out. The associations found in this study could not be val-
idated in another cohort of AMI patients. Only men and
women between 25 and 84 years of age with STEMI were
included in the analysis, so the results cannot be gener-
alized to all age or ethnic groups or to non-ST-elevation
MIs.

Conclusions

The absence of typical chest pain symptoms associated
with an AMI appears to trigger a systemic inflammatory
response. This inflammatory process includes the release
of cytokines such as IL-6 and IL-8 as well as hepatokines
and transmembrane proteins. The strongest associations
were found with the transmembrane proteins FGF-21,
CST5 and CD40. Whether these inflammatory mark-
ers and the underlying pathways involved prove to be
suitable for improving the diagnosis of AMI in patients
without typical symptoms must be investigated in further
studies.
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