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Aims Outcomes after acute coronary syndromes (ACS) are determined by baseline risk profiles, including initial systolic blood 
pressure (sBP) levels. Herein, we aimed to characterize ACS patients stratified by initial sBP levels and study their relation 
to inflammation, myocardial injury and post-ACS outcomes.

Methods 
and results

We analysed 4724 prospectively recruited ACS patients according to invasively assessed sBP (<100, 100–139, and 
≥140 mmHg) at admission. Biomarkers of systemic inflammation [high-sensitivity C-reactive protein (hs-CRP)] and myocar-
dial injury [high-sensitivity cardiac troponin T (hs-cTnT)] were measured centrally. Major adverse cardiovascular events 
(MACE; composite measure of non-fatal myocardial infarction, non-fatal stroke, and cardiovascular death) were externally 
adjudicated. Leukocyte counts, hs-CRP, hs-cTnT, and creatine kinase (CK) levels decreased from low to high sBP strata 
(ptrend < 0.001). Patients with sBP < 100 mmHg developed more often cardiogenic shock (CS; P < 0.001), and had a 1.7- 
fold increased multivariable-adjusted MACE risk at 30 days (HR 1.68, 95% CI 1.05–2.69, P = 0.031) which did not persist 
at one year (HR 1.38, 95% CI 0.92–2.05, P = 0.117). Those with sBP < 100 mmHg and CS showed a higher leukocyte count 
(P < 0.001), an increased neutrophil-to-lymphocyte-ratio (P = 0.031), and higher hs-cTnT and CK levels relative to those 
without CS (P < 0.001 and P = 0.002, respectively), whereas hs-CRP levels did not differ. Patients who developed CS 
had a 3.6- and 2.9-fold increased MACE risk at 30 days (HR 3.58, 95% CI 1.77–7.24, P < 0.001) and at one year (HR 
2.94 95% CI, 1.57–5.53, P < 0.001), which was intriguingely attenuated after controlling for distinct inflammatory profiles.

Conclusion In patients with ACS, proxies of systemic inflammation and myocardial injury are inversely associated with initial sBP levels, 
with highest biomarker levels observed in those <100 mmHg. If linked to high levels of cellular inflammation, these patients 
are prone to develop CS and are at high MACE and mortality risk.
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Introduction
Cardiovascular (CV) diseases remain the leading cause of death globally, 
of which the majority are due to chronic and acute coronary syn-
dromes (ACS).1 The etiology of ACS is multifactorial and also involves 
traditional CV risk factors, such as arterial hypertension, dyslipidaemias, 
and diabetes. While chronic elevation of systolic blood pressure (sBP) 
represents a key risk factor for CV events, normal or elevated sBP in the 
early phase after ACS reflects maintained left ventricular (LV) function. 
Conversely, low sBP levels—such as in patients at risk for or with estab-
lished cardiogenic shock (CS)—might be associated with systemic in-
flammation, the extent of myocardial injury, and thus the risk for 
major adverse CV events (MACE). Indeed, sBP levels inform established 
risk scores [e.g. Global Registry of Acute Coronary Events (GRACE), 
thrombolysis in myocardial infarction (TIMI)] and hence may guide 
the identification of patients at high risk of CS and thus poor outcomes 
after the index ACS.2,3

Over the past six decades, largely owing to the introduction and broad 
availability of primary percutaneous coronary intervention and antithrom-
botic as well as lipid-lowering therapies,4–6 post-ACS outcomes improved 
markedly.7 Yet, mortality remains high, particularly in those presenting 

with hemodynamic instability, reduced LV ejection fraction (LVEF), or 
CS.8 Indeed, while in hemodynamically stable ACS patients in-hospital 
mortality declined to less than 5%, those presenting with signs of hemo-
dynamic instability remain at an unacceptably high 30-day mortality of 
up to 40% despite contemporary management.7–11

Hence, a more comprehensive characterization of patients according to 
sBP levels, specifically as it relates to myocardial injury, systemic inflamma-
tion, and MACE risk, may help to identify clinical features linked to high 
susceptibility for the development of CS and thus poor outcomes after 
the index ACS. For instance, systemic inflammation triggers some, but 
not all forms of ACS, and markedly influences in-hospital and mid- to long- 
term prognosis after the acute event.12,13 Further, inflammatory processes 
are key modulators of infarct size, impinge on LV function and thus 
post-ACS outcomes. In parallel, some anti-inflammatory strategies target-
ing NLRP3-associated pathways showed promising results in patients at 
high CV risk,14–16 collectively suggesting a crosstalk between hemodynam-
ic instability, myocardial injury, systemic inflammation, and MACE risk.

Herein, we aimed to characterize baseline characteristics and out-
comes of contemporary patients with ACS stratified by their invasively 
measured sBP levels at presentation (<100 mmHg, 100–139 mmHg, 
and ≥140 mmHg, respectively), with a particular focus on systemic in-
flammation and myocardial injury.
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Methods
Study population
The Special Program University Medicine (SPUM)—ACS Biomarker study 
(ClinicalTrials.gov number, NCT01000701) is a prospective, multicenter co-
hort study in which patients with ACS presenting to one of the four participat-
ing university hospitals (Zurich, Bern, Lausanne, and Geneva) were recruited 
between 2009 and 2017. The design of the study has been reported previous-
ly.17,18 Briefly, female and male patients aged 18 years or older presenting with-
in five days after pain onset with the main diagnosis of ST-elevation myocardial 
infarction (STEMI) and non-ST-segment elevation ACS (NSTE-ACS) were in-
cluded. All patients had scheduled follow-up visits at 30 days (phone call) and 
at one year (clinical visit). All MACEs occurring within one year after the index 
ACS event were adjudicated by an independent committee comprising experi-
enced expert cardiologists. Treating physicians were advised to apply 
guideline-based therapy regimens, including statin therapy, angiotensin- 
converting enzyme (ACE) inhibitors/angiotensin II (ATII) receptor blockers, 
beta blockers, and antiplatelet therapy with aspirin and P2Y12 receptor inhibi-
tors, as appropriate. In the present study, a total of 4724 patients with com-
plete data on sBP levels were included (Figure 1). All patients gave written 
informed consent to the use of their data for research, the study conformed 
with the Declaration of Helsinki and was approved by the Cantonal Ethics 
Committee.

Biomarkers
EDTA-blood was drawn from the radial or femoral sheath prior to the pro-
cedure, centrifuged and plasma was stored at -80°C until further process-
ing. High-sensitivity C-reactive protein (hs-CRP), high-sensitivity cardiac 
troponin T (hs-cTnT) and N-terminal prohormone of brain natriuretic pep-
tide (NT-proBNP) were measured centrally in the core laboratory 
(University Hospital Zurich, Zurich, Switzerland) using electrochemilumi-
nescence or particle-enhanced turbidimetric immunoassays (all obtained 
from Roche Diagnostics, Boehringer Mannheim, Indianapolis, IN, USA).

Systolic blood pressure levels, definition of 
cardiogenic shock and study endpoints
Patients were stratified into three groups according to their sBP as assessed 
invasively by aortic measurement prior to coronary angiography after place-
ment of the femoral or radial sheet in the cardiac catheterization laboratory. 
These strata (i.e. <100 mmHg, 100–139 mmHg,  ≥140 mmHg) were prede-
fined according to current guidelines and established risk scores.2,19 Patients 
with sBP <100 mmHg were further classified into patients with or without 
clinical signs of CS. CS was defined as Killip Class IV or the use of vasopressors, 
intra-aortic balloon pump or percutaneous left ventricular assist device. The 
primary endpoint of the present study was a composite endpoint [MACE; de-
fined as the composite of non-fatal myocardial infarction (MI), non-fatal 
stroke and CV death]. The secondary endpoint was CV mortality.

Statistical analysis
Continously coded baseline characteristics of the three blood pressure groups 
were compared using analysis of variance for normally distributed data and the 
Kruskal–Wallis test if data were skewed. Categorical variables were compared 
using the chi-square or Fisher’s exact test, as appropriate. Normal distribution 
was evaluated by the Shapiro–Wilk test. To control for the rise in type I errors 
due to multiple comparisons, Bonferroni post-hoc testing was used. If not sta-
ted otherwise, baseline data are shown as mean and standard deviation, or as 
median and interquartile range if skewed. Given the multicenter study design of 
SPUM-ACS, creatine kinase (CK) and CK-MB values were standardized ac-
cording to the upper limit of normal of each study center’s laboratory. In sen-
sitivity analyses, a general linear model controlling for symptom onset-to-door 
(STD) time across levels of the categorical variable (i.e. sBP groups) was fit to 
assess the impact of STD time on inflammatory biomarkers. Subgroup analyses 
in patients stratified by ACS type, location of the infarct-related artery (IRA), 
and use of antiplatelet or lipid-lowering drugs were performed. Survival ana-
lyses were done using the Kaplan–Meier method and by fitting crude and 
multivariable-adjusted Cox proportional hazard regression models, accounting 
for established clinical risk factors.20,21 We used four different Cox models: a 
crude model, a model adjusted for sex (categorical) and age (continuous), a 

third model that included sex (categorical), age (continuous), body mass index 
(BMI, continuous), history of diabetes mellitus (DM, categorical), total choles-
terol levels (continuous), NT-proBNP levels (continuous) and use of antihy-
pertensive drugs (i.e. ACE inhibitors, ATII receptor blockers, beta blockers, 
or calcium channel blockers; categorical) and a fourth and fully adjusted model 
adjusted for sex (categorical), age (continuous), BMI (continuous), history of 
DM (categorical), total cholesterol levels (continuous), NT-proBNP levels 
(continuous), use of antihypertensive drugs (categorical), centrally measured 
hs-cTnT and hs-CRP levels (both continuous), prehospital delay (defined as 
STD time ≥90 min; categorical) and ACS type (STEMI vs. NSTE-ACS; categor-
ical). Hazard ratios (HRs) along with 95% confidence intervals were calculated 
using bootstrapping with 1000 replicates. Statistical significance was established 
at two-tailed P < 0.05 throughout and is given to two significant figures, unless 
P < 0.001. All analyses were performed using SPSS Statistics version 28.0.1.1 
(14, IBM Corp, Armonk NY). The Kaplan–Meier curves were created in R ver-
sion 4.2.1 (The R Foundation for Statistical Computing, Vienna, Austria).

Results
Baseline characteristics of the study 
population
Of all 4787 patients with ACS, a total of 4724 were included in the final 
study sample (Figure 1). Median age was 63.5 (52.5–72.5) years, with 
20.6% (n = 971) being female. While the majority (n = 2852, 60.4%) pre-
sented with sBP levels ranging between 100 and 139 mmHg, 1474 and 
398 patients presented with sBP ≥140 mmHg and <100 mmHg, respect-
ively. Baseline characteristics of all patients and stratified by sBP levels are 
summarized in Table 1. Those presenting with sBP <100 mmHg were less 
likely to have a history of hypertension (47.7 vs. 52.7 vs. 66.1%, adj. P <  
0.001), to be on ATII receptor blockers (26.8 vs. 29 vs. 35.2% respectively, 
adj. P < 0.001) and were less frequently receiving statin-therapy prior to 
admission (36 vs. 43 vs. 40.9% respectively, adj. P = 0.046). The relative 
proportion of STEMIs decreased from low to high sBP strata, with those 
presenting with <100 mmHg most likely having a final diagnosis of STEMI 
(70.1%, n = 279, Table 1). Overall, 87.4% of patients presented at Killip 
class I, 8.1% at II, 2.1% at III and 2.3% at IV, with class 4 being primarily ob-
served in those with sBP <100 mmHg (13.3%, 100–139 mmHg: 1.6%; and 
≥140 mmHg: 0.8%, adj. P < 0.001). Across all sBP strata, the right coron-
ary artery (RCA) was more frequently the IRA in those with sBP 
<100 mmHg (39.1 vs. 32.5 vs. 31.3% respectively, adj. P = 0.004, Table 1).

Pre- and in-hospital management differs 
across sBP groups
The proportion of patients undergoing resuscitation prior to admission was 
highest among those with sBP <100 mmHg, followed by normo- and hy-
pertensives (11.3 vs. 3.9 vs. 1.8% respectively, adj. P < 0.001, Table 2). Of 
note, hypotensive patients arrived faster at the hospital after symptom onset 
than their normotensive or hypertensive counterparts, with a median of 
143 min compared to 180 min in normotensive and 201 min in hyperten-
sive patients (adj. P = 0.0020). Vasopressor use was most prevalent in those 
with sBP <100 mmHg, (10.3%), and only occurred in 2.3 and 1.1% in 
normo- and hypertensives, respectively (adj. P < 0.001, Table 2). At dis-
charge, all patients received P2Y12 receptor antagonists according to current 
guidelines and almost all patients were discharged on both aspirin and sta-
tins. Interestingly, there were significant differences in the prescriptions of 
ACE inhibitors and ATII receptor blockers. More patients with sBP 
<100 mmHg were on ACE inhibitors than normo- and hypertensives 
(76.1 vs. 73.9 vs. 70%, adj. P = 0.0070), while ATII receptor blockers were 
predominantly used in those with sBP ≥140 mmHg (adj. P < 0.001, Table 2).

Systemic inflammation and myocardial 
injury associates with low sBP
Plasma levels of centrally measured hs-CRP followed a step-wise decline 
across sBP groups with highest levels observed in patients with sBP 
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<100 mmHg (ptrend < 0.001), which remained robust after adjusting for 
STD time (padj < 0.001). Accordingly, leukocyte counts decreased from 
low to high sBP strata (ptrend < 0.001), whereas the neutrophil-to- 
lymphocyte-ratio (NLR) did not differ (ptrend = 0.102, Figure 2A). Similarly, 
proxies of myocardial injury, such as hs-cTnT and CK plasma levels, de-
creased with increasing sBP levels (both ptrend < 0.001; Figure 2B), a differ-
ence that was consistently observed after adjusting for STD time (padj =  
0.023 and padj = 0.003, respectively). Notably, a positive correlation be-
tween hs-CRP and hs-cTnT levels was identified (ρ = 0.218, P < 0.001), 
with an even more pronounced correlation between hs-CRP and standar-
dized CK levels (ρ = 0.44, P = 0.007). Subgroup analyses suggested that 

these associations were independent of statin use (see Supplementary 
material online, Table S1), with similar results obtained in patients irrespect-
ive of ACS type (see Supplementary material online, Table S2), antiplatelet 
therapy (see Supplementary material online, Tables S3–4), and IRA-location 
(see Supplementary material online, Table S5).

Systolic blood pressure levels independently 
associate with post-ACS outcomes
At 30 days, MACE occurred most frequently in those with sBP 
<100 mmHg (8.8 vs. 3.8 vs. 3.6%, adj. P < 0.001; Figure 3). At 30 days, those 

Figure 1 Flowchart of the present study. Patients were stratified according to their systolic blood pressure invasively assessed at the time of acute 
presentation. Cardiogenic shock was defined as Killip Class IV, use of vasopressors or mechanical support. Abbreviations: FUP = follow-up; sBP = sys-
tolic blood pressure; SPUM-ACS = Special Program University Medicine—Acute Coronary Syndromes.
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Table 1 Baseline characteristics of all patients stratified by initial sBP levels

All patients <100 mmHg 100–139 mmHg ≥140 mmHg P-value
n = 4724 n = 398 n = 2852 n = 1474

Patient characteristics
Age (years) 63.5 (52.5–72.5) 62.3 (52–72.7) 62.6 (53.5–72) 65.5 (56.3–75) < 0.001
% Female ♀ 20.6% (n = 971) 16.6% (n = 66) 19.7% (n = 563) 23.2% (n = 342) 0.0030
BMI (kg/m2) 26.6 (24.8–29.3) 26.1 (23.9–28.7) 26.4 (24.1–29.3) 27.1 (24.5–30) < 0.001
Previous medical history
HTN history 56,4% (n = 2666) 47.7% (n = 190) 52.7% (n = 1502) 66.1% (n = 974) < 0.001
DM history 17.1% (n = 768) 16.4% (n = 63) 16.0% (n = 435) 19.5% (n = 270) 0.020
Previous MI 12.2% (n = 577) 9.8% (n = 39) 11.8% (n = 336) 13.7% (n = 202) 0.056
Medication at presentation
Aspirin 44.3% (n = 1350) 39.7% (n = 95) 43.5% (n = 788) 46.8% (n = 467) 0.084
ACE inhibitor 23.0% (n = 700) 23.0% (n = 55) 23.1% (n = 418) 22.7% (n = 227) 0.27
ATII receptor blocker 30.8% (n = 939) 26.8% (n = 64) 29.0% (n = 524) 35.2% (n = 351) < 0.001
Beta blocker 35.1% (n = 1071) 30.1% (n = 72) 34.9% (n = 631) 36.9% (n = 368) 0.10
Diuretics 24.7% (n = 752) 25.5% (n = 61) 22.9% (n = 415) 27.7% (n = 276) 0.073
P2Y12 receptor inhibitor 11.5% (n = 350) 7.5% (n = 18) 12.1% (n = 219) 11.3% (n = 113) 0.11
Statin 41.7% (n = 1270) 36.0% (n = 86) 43.0% (n = 778) 40.9% (n = 406) 0.046
Cardiac function
LVEF (%) 51 (43–59) 50 (40–60) 50 (45–60) 55 (45–60) < 0.001
Heart rate (b.p.m.) 76.84 ± 15.81 76.3 ± 18.55 76.55 ± 15.42 77.55 ± 15.74 0.054
Systolic BP (mmHg) 128 (118–149) 92 (86–96) 121 (111–130) 152 (145–163) < 0.001
Diastolic BP (mmHg) 75.66 ± 14.9 56.95 ± 10.13 72.84 ± 11.33 86.18 ± 14.68 < 0.001
Cardiometabolic risk factors
Total cholesterol (mmol/L) 4.9 ± 1.23 4.77 ± 1.21 4.89 ± 1.2 4.97 ± 1.27 0.032
HDL-C (mmol/L) 1.18 ± 0.35 1.13 ± 0.36 1.18 ± 0.34 1.2 ± 0.37 < 0.001
LDL-C (mmol/L) 3.13 ± 1.1 3.06 ± 1.08 3.13 ± 1.09 3.16 ± 1.13 0.38
Triglycerides (mmol/L) 1.01 (0.61–1.47) 1.04 (0.68–1.62) 0.99 (0.67–1.5) 1.07 (0.71–1.6) 0.0040
Glucose (mmol/L) 6.44 (6.3–10.19) 6.8 (5.8–8.51) 6.5 (5.6–7.9) 6.3 (5.5–7.74) < 0.001
HbA1c (%) 5.8 (5.7–6.95) 5.8 (5.5–6.4) 5.7 (5.5–6.2) 5.8 (5.5–6.5) < 0.001
Creatinine (μmol/L) 77 (66–87) 83 (68–102) 76 (66–89) 77 (66–91) < 0.001
Inflammatory and myocardial injury markers
White blood cell count (WBC, G/L) 9.6 (8.53–12.55) 11.2 (8.64–14.45) 9.73 (7.6–12.2) 9.07 (7.1–11.3) < 0.001
Neutrophil-to-lymphocyte ratio 4.53 (2.94–7.05) 5.37 (3.11–9.16) 4.65 (2.85–7.96) 4.15 (2.54–6.58) 0.10
CRP, high-sensitivity (mg/L) 2.9 (1.1–6.95) 3.1 (1.3–9.7) 2.8 (1.2–7.9) 3 (1.4–7.65) < 0.001
Troponin T, high-sensitivity (ng/L) 197 (85–728) 204 (59–1010) 203 (59–672) 186 (58–581) < 0.001
NT-proBNP (ng/L) 341 (126–980) 251 (84–1527) 302 (101–1097) 422 (133–1324) < 0.001
Creatine Kinase (x ULN) 1.13 (0.65–2.78) 1.13 (0.61–3.15) 1.18 (0.59–2.75) 1.06 (0.54–2.34) < 0.001
CK-MB (x ULN) 1.93 (0.75–4.15) 2.53 (1.21–7.68) 2.05 (0.93–6.3) 1.63 (0.8–4.6) 0.29
ACS type
STEMI 53.1% (n = 2509) 70.1% (n = 279) 54.5% (n = 1555) 45.8% (n = 675) < 0.001
IRA
LAD 44.5% (n = 1961) 40.4% (n = 154) 45.1% (n = 1201) 44.6% (n = 606) 0.40
LCx 19.9% (n = 878) 18.1% (n = 69) 19.7% (n = 526) 20.8% (n = 283) 0.67
RCA 32.7% (n = 1439) 39.1% (n = 149) 32.5% (n = 865) 31.3% (n = 425) 0.0040
LMCA 1.7% (n = 73) 1.8% (n = 7) 1.5% (n = 39) 2.0% (n = 27) 0.47
SVG 1.2% (n = 54) 0.5% (n = 2) 1.2% (n = 33) 1.4% (n = 19) 0.42

Data are shown as mean and standard deviation or median and interquartile range if skewed. Categorical data are shown as numbers and percentages. 
Creatine kinase and creatine kinase-MB were normalized to the upper limit of normal (ULN) of each laboratory. Percentages may not total 100 owing to 
rounding. Abbreviations: ACE = angiotensin-converting enzyme; ACS = acute coronary syndrome; ATII = angiotensin II; BMI = body mass index; BP =  
blood pressure; CK-MB = creatine kinase-MB; CRP = C-reactive protein; DM = diabetes mellitus; HDL-C = high-density lipoprotein-cholesterol; 
HbA1c = haemoglobin A1c; HTN = hypertension; IRA = infarct-related artery; LAD = left anterior descending coronary artery; LCx = left circumflex 
artery; LDL-C = low-density lipoprotein-cholesterol; LMCA = left main coronary artery; LVEF = left ventricular ejection fraction; MI = myocardial 
infarction; NT-proBNP = N-terminal prohormone of brain natriuretic peptide; RCA = right coronary artery; STEMI = ST-elevation myocardial 
infarction; SVG = saphenous vein graft (bypass).

Initial sBP in patients with ACS                                                                                                                                                                      441
D

ow
nloaded from

 https://academ
ic.oup.com

/ehjacc/article/12/7/437/7157005 by guest on 04 July 2024



with sBP <100 mmHg had a 2.4-fold increased MACE risk (HR 2.39, 1.63– 
3.50, P < 0.001) as compared to normotensives, an association consistent-
ly observed after adjusting for sex and age (HR 2.45, 1.67–3.59, P < 0.001). 
The risk of MACE was lower after controlling for clinical risk factors, in-
cluding BMI, history of DM, total cholesterol, NT-proBNP, and the use 
of antihypertensive drugs (HR 1.96, 1.24–3.08, P = 0.0040) and persisted 
after further adjusting for hs-CRP, hs-cTnT levels, STD time, and ACS 
type (HR 1.68, 1.05–2.69, P = 0.031, Table 3). At 1 year, patients with 
sBP <100 mmHg were at 1.7-fold increased risk of MACE (HR 1.70, 
1.24–2.35, P = 0.001), which remained similar in magnitude after adjusting 
for sex and age (HR 1.76, 1.27–2.42, P < 0.001). Adjustment for the above- 
mentioned risk factors led to a slightly attenuated association (HR 1.51, 
1.03–2.21, P = 0.036), and was not significant after further controlling 
for levels of both hs-CRP, hs-cTnT, and STD time as well as ACS type 
(HR 1.38, 0.92–2.05, P = 0.117, Table 3). Importantly, the high risk of 
MACE was mainly driven by the high multivariable-adjusted risk of CV 
mortality at 30 days (HR 3.34, 1.73–6.45, P < 0.001) and 1 year (HR 
2.17, 1.19–3.94, P = 0.011), respectively (Table 3), with no significant 

differences in any other MACE components (i.e. non-fatal MI and non-fatal 
stroke) (see Supplementary material online, Table S6).

Systemic inflammation and myocardial 
injury are most pronounced in patients 
with sBP <100 mmHg presenting in 
cardiogenic shock
When comparing patients with sBP <100 mmHg and CS with those with-
out clinical signs thereof, the former were older (66.46 vs. 61.47 years, P =  
0.002), had lower LVEF (40.73 vs. 50.07%, P < 0.001), and showed higher 
heart rates (85.18 vs. 73.99 b.p.m., P < 0.001). Moreover, patients in CS 
had higher glucose and higher creatinine levels (both P < 0.001, Table 4). 
Regarding systemic inflammation and myocardial injury, patients with CS 
had a higher leukocyte count (P < 0.001) and higher NLRs (P = 0.031), 
while hs-CRP levels did not differ among patients with sBP 
<100 mmHg with or without CS (Figure 4; Supplementary material 
online, Table S7). Furthermore, patients with CS had significantly higher 
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Table 2 Management characteristics of ACS patients stratified by initial sBP levels

All patients <100 mmHg 100–139 mmHg ≥140 mmHg P-value
n = 4724 n = 398 n = 2852 n = 1474

In-hospital management

GRACE 2.0 Risk Score 0.087 (0.06–0.13) 0.141 (0.93–0.3) 0.089 (0.06–0.14) 0.073 (0.05–0.12) < 0.001

Killip Classification

Class I 87.4% (n = 4024) 74.9% (n = 293) 88.6% (n = 2468) 88.4% (n = 1263) < 0.001

Class II 8.1% (n = 375) 8.7% (n = 34) 8.0% (n = 223) 8.3% (n = 118) 0.88

Class III 2.1% (n = 96) 3.1% (n = 12) 1.8% (n = 49) 2.5% (n = 35) 0.12

Class IV 2.3% (n = 108) 13.3% (n = 52) 1.6% (n = 44) 0.8% (n = 12) < 0.001

Resuscitation prior to admission 3.8% (n = 181) 11.3% (n = 45) 3.9% (n = 110) 1.8% (n = 26) < 0.001

STD (minutes) 180 (105–420) 143 (85–300) 180 (105–420) 201 (109–475) 0.0020

STI (minutes) 313 (188–710) 240 (156–456) 303 (184–684) 391 (209–805) < 0.001

PCI duration (minutes) 30 (19–45) 32 (19–49) 29 (19–45) 29 (18–46) 0.37

Hospitalization (days) 4 (3–6) 5 (3–6) 4 (3–6) 4 (3–6) 0.75

Vasopressor use 2.6% (n = 122) 10.3% (n = 41) 2.3% (n = 65) 1.1% (n = 16) < 0.001

Mechanical support

IABP 2.6% (n = 125) 10.3% (n = 41) 2.1% (n = 60) 1.6% (n = 24) < 0.001

Percutaneous LVAD 0.4% (n = 21) 0.8% (n = 3) 0.4% (n = 11) 0.5% (n = 7) 0.73

Discharge destination

Other hospital 44% (n = 2041) 41.6% (n = 156) 43.9% (n = 1234) 44.8% (n = 651) 0.52

Rehabilitation center 10.6% (n = 491) 13.3% (n = 50) 10.7% (n = 301) 9.6% (n = 140) 0.11

Home 45.4% (n = 2105) 45.1% (n = 169) 45.4% (n = 1275) 45.5% (n = 661) 0.99

Discharge medication

Aspirin 99.1% (n = 4611) 98.7% (n = 371) 99.1% (n = 2796) 99% (n = 1444) 0.65

ACE inhibitor 72.9% (n = 3391) 76.1% (n = 286) 73.9% (n = 2085) 70% (n = 1020) 0.0070

ATII receptor blocker 15.6% (n = 726) 9.6% (n = 36) 13.8% (n = 390) 20.6% (n = 300) < 0.001

Beta blocker 78.5% (n = 3655) 78.5% (n = 295) 78% (n = 2200) 79.6% (n = 1160) 0.51

Diuretics 23.7% (n = 1105) 26.3% (n = 99) 22.8% (n = 643) 24.9% (n = 363) 0.15

P2Y12 receptor inhibitor 100% (n = 4429) 100% (n = 363) 100% (n = 2695) 100% (n = 1371) 0.99

Statin 97.9% (n = 4558) 97.3% (n = 366) 97.8% (n = 2758) 98.4% (n = 1434) 0.34

Data are shown as mean and standard deviation or median and interquartile range if skewed. Categorical data are shown as numbers and percentages. Data on hospitalization refer to 
patients discharged home. Percentages may not total 100 owing to rounding. GRACE 2.0 Score refers to 1-year mortality risk estimates. Abbreviations: ACE = angiotensin-converting 
enzyme; ATII = angiotensin II; GRACE = global registry of acute coronary events; IABP = intra-arterial balloon pump; LVAD = left ventricular assist device; PCI = percutaneous coronary 
intervention; STD = symptom onset-to-door time; STI = symptom onset-to-intervention time; PCI = percutaneous coronary intervention.
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levels of NT-proBNP (P < 0.001), hs-cTnT (P < 0.001), and CK (P =  
0.002, Table 4, Figure 4) and presented more often in STEMI (85.4 vs. 
66.1%, P < 0.001). Notably, among those with CS, the IRA was more fre-
quently the left anterior descending coronary artery (50 vs. 37.9%, P =  
0.049), and less so the RCA (27.5 vs. 42.2%, P = 0.017, Table 4). At 30 
days, those with sBP <100 mmHg and CS had a 3.6-fold multivariable- 
adjusted MACE risk (HR 3.58, 1.77–7.24, P < 0.001, reference: sBP 
<100 mmHg without CS), an association that was attenuated, yet per-
sisted after adjusting for differences in hs-cTnT, hs-CRP, STD time, and 
ACS type (HR 2.91, 1.34–6.32, P = 0.007). Similarly, multivariable-adjusted 
risk of MACE was increased by 194% (HR 2.94, 1.57–5.53, P < 0.001) at 1 
year, which was attenuated after controlling for hs-CRP, hs-cTnT, STD 
time, and ACS type (HR 2.14, 1.06–4.3, P = 0.033, Table 5, Figure 5). 
Expectedly, the high risk of MACE was driven by the risk of CV mortality, 

with a multivariable-adjusted HR of 5.52 (2.41–12.65, P < 0.001) and 5.96 
(2.63–13.52, P < 0.001) at 30 days and 1 year, respectively (Table 5). This 
association was slightly attenuated after adjusting for hs-CRP, hs-cTnT, 
prehospital delay, and ACS type, yielding an HR of 4.74 (1.91–11.78, P  
< 0.001) and 4.74 (1.91–11.78, P < 0.001) at 30 days and 1 year, respect-
ively (Table 5).

Discussion
Here, we show for the first time that (i) inflammatory phenotypes of 
patients with ACS differ according to initial sBP levels, (ii) those with 
sBP <100 mmHg and CS express marked cellular inflammation com-
pared to those without CS, and (iii) biomarkers of systemic 

Figure 2 Inflammatory (A) and myocardial injury markers (B) in all patients according to sBP strata. Values are plotted as mean ± SEM. P-values were 
calculated by linear trend analysis. Abbreviations: CK = creatine kinase; CK-MB = creatine kinase-MB; hs-CRP = high-sensitivity C-reactive protein; 
hs-cTnT = high-sensitivity cardiac troponin T; N/L ratio = neutrophil-to-lymphocyte-ratio; sBP = systolic blood pressure; SEM = standard error of 
the mean; ULN = upper limit of normal.
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inflammation and myocardial injury as well as MACE and mortality risk 
associate inversely with initial sBP levels.

Seminal studies have implicated systemic and in particular local in-
flammation as key triggers of ACS.22,23 Inflammatory mechanisms re-
duce fibrous cap thickness and in turn plaque stability, thereby paving 
the way for plaque rupture, thrombosis and eventually ACS.24

Indeed, components of cell-mediated immunity such as macrophages 
and T-cells are intricately linked to ACS pathogenesis, with macro-
phages producing extracellular matrix degrading enzymes, and certain 
T-cell subsets being involved in the rupture or erosion of atheroscler-
otic plaques.25,26 Although inflammatory processes may not be the sole 
driver of the transition from stable to acute atherothrombotic events,27

the vast majority of patients with ACS present with increased levels of 
systemic inflammation, as assessed by CRP,28 with high concentrations 
showing a strong association with cardiac contractile decline and MACE 
risk.30–32,23,29

A previous report by Shlomai et al. provided hints that sBP levels at 
presentation may determine MACE risk post-ACS.33 Beyond confirm-
ing these findings, we herein show that systemic inflammation de-
creases from low to high sBP strata, providing an observational link 
between sBP and systemic inflammation. Notably, patients presenting 
with sBP <100 mmHg had accentuated signs of cellular as well as hu-
moral inflammation, as reflected by dramatically increased leukocyte 
counts, NLR, and hs-CRP levels. Although higher leukocyte counts 
might occur transiently due to ‘stress leukocytosis’,34 the higher 
hs-CRP levels clearly point toward increased levels of systemic inflam-
mation, given the markedly delayed kinetics of hepatic CRP production. 
Indeed, a previous study using a model of myocardial infarction sug-
gested a sharp incline of CRP no sooner than 24 h after acute inschae-
mia.35 In line, differences in hs-CRP levels between sBP groups were 
consistently observed after adjustment for the time elapsed between 

symptom onset and acute presentation (padj < 0.001). This finding is 
thought-provoking, as patients with sBP <100 mmHg were actually 
characterized by a shorter time-window between symptom onset 
and presentation, and yet inflammatory parameters were highest in 
this patient population.

Nonetheless, in addition to the concept that inflammatory mechan-
isms may drive hemodynamic instability in patients with ACS, it is equal-
ly important to consider the alternative hypothesis that systemic 
hypoperfusion (owing the loss of cardiac contractile mass) and subse-
quent neurohumoral activation may accelerate the systemic inflamma-
tory response evoked by myocardial injury.36 For instance, in the 
SHOCK trial, almost one-fifth of patients with CS complicating ACS 
showed clinical signs of severe systemic inflammation,37 which were in-
triguingly preceded by a decline in systemic vascular resistance. While 
the role of inflammation in CS development (and vice versa) is a matter 
of ongoing investigations, it might well be that both conditions affect 
each other resulting in an ‘inflammation—hemodynamic instability loop’ 
putting hypotensive patients with high inflammatory burden at particu-
larly high MACE risk (Graphical Abstract). Albeit our study’s design does 
not allow to tackle cause-effect relationships, it is striking that differ-
ences in hs-CRP levels remained robust in STD-adjusted analysis. 
Indeed, as noted above, CRP synthesis may take up to 24 h, whilst 
leukocyte mobilization may occur rapidly in response to biochemical 
and neuronal cues.38

Expectedly, patients with sBP <100 mmHg featured pronounced 
myocardial injury as reflected by elevated hs-cTnT and CK levels, 
which coincided with a reduction in LVEF and increase in 
NT-proBNP levels, as suggested by a previous report.39 Despite the 
shorter STD and STI time, patients with sBP <100 mmHg showed 
a markedly increased 30-day and one-year MACE risk, which was 
mainly driven by the accentuated CV mortality risk. In contrast, the 

Figure 3 Kaplan–Meier survival analysis of all ACS patients stratified by initial sBP levels for MACE-free survival up to 1 year. Abbreviation: MACE =  
major adverse cardiovascular events.
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risk of non-fatal stroke and recurrent infarction did not differ neither 
at 30 days nor at one year.

Of note, not all patients presenting with sBP <100 mmHg were in CS 
or developed such a condition during hospitalization. Expectedly, hypo-
tensive patients with and without CS differed in several clinical features, 
including age, LVEF, and heart rate. Interestingly, however, those pre-
senting with CS had significantly higher hs-cTnT, NT-proBNP, CK, 
and CK-MB levels as compared to those with sBP <100 mmHg without 
CS. Moreover, among all patients with sBP <100 mmHg, those with 
signs of CS had markedly elevated signs of cellular inflammation, as re-
flected by increased leukocyte count and NLR, yet intriguingly showed 
similar hs-CRP levels as compared to their non-shocked counterparts. 
As such, although observational in character, it might well be that cel-
lular inflammation contributes to the transition of hypotensive patients 
to CS and thereby significantly influences clinical outcomes. Indeed, the 
risk of both MACE and CV mortality was attenuated after controlling 
for systemic inflammation, arguing in favor of this hypothesis. 

Whether and in what way this may open novel therapeutic avenues 
in patients presenting with low sBP levels remains to be further ad-
dressed in future investigations.

Of note, the vast majority of contemporary risk scores builds on sBP 
values determined at the time of acute presentation. For instance, the 
GRACE score, as well as the TIMI risk score for STEMI is informed by 
sBP levels, with values <100 mmHg adding substantially to the risk es-
timates of the latter.2,3,17,40,41 Herein, we show that a significant inter-
play between sBP levels and systemic inflammation exists, with the 
latter not only representing a well-established modulator of plaque for-
mation, rupture and arterial thrombosis,16,42,43 but likely also determin-
ing hemodynamic stability after the acute event.37 Of note, hepatic CRP 
synthesis is mainly regulated by interleukins downstream of the 
NLRP3-pathway, including IL-1ß, IL-6, and IL-18, which were found 
to be individually associated with increased MACE risk.12,29,30,32,44,45

In line with this interpretation, an attenuated MACE risk was observed 
in patients with sBP <100 mmHg after adjustment for the systemic 
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Table 3 Associations of initial sBP levels with risk of adverse outcomes

<100 mmHg 100–139 mmHg ≥140 mmHg P-value
n = 398 n = 2852 n = 1474

Time to event 11.6% (n = 46) 7.1% (n = 203) 7.2% (n = 106)

Time to MACE (days) 7.5 (4–25) 23 (4–170) 31 (3–167) 0.044

Time to CV death (days) 6 (2–18) 18 (4–97) 10.5 (4–120) 0.014

MACE

30-days MACE 8.8% (n = 35) 3.8% (n = 107) 3.6% (n = 53) < 0.001

– a Crude model 2.39 (1.63–3.5) reference 0.96 (0.69–1.34) < 0.001

– b Sex/Age model 2.45 (1.67–3.59) 0.86 (0.62–1.2) < 0.001

– c Adjusted model 1.96 (1.24–3.08) 0.8 (0.55–1.17) 0.0040

– d Fully adjusted model 1.68 (1.05–2.69) 0.85 (0.58–1.25) 0.031

1-year MACE 11.6% (n = 46) 7.0% (n = 200) 7.2% (n = 106) 0.0050

– a Crude model 1.7 (1.24–2.35) reference 1.03 (0.81–1.3) 0.0010

– b Sex/Age model 1.76 (1.27–2.42) 0.92 (0.73–1.16) < 0.001

– c Adjusted model 1.51 (1.03–2.21) 0.92 (0.7–1.2) 0.036

– d Fully adjusted model 1.38 (0.92–2.05) 0.94 (0.72–1.24) 0.12

Cardiovascular mortality

30-days CV mortality 7.0% (n = 28) 1.4% (n = 40) 1.4% (n = 20) < 0.001

– a Crude model 5.15 (3.18–8.34) reference 0.97 (0.57–1.66) < 0.001

– b Sex/Age model 5.34 (3.29–8.66) 0.81 (0.47–1.38) < 0.001

– c Adjusted model 4.42 (2.38–8.19) 0.59 (0.28–1.26) < 0.001

– d Fully adjusted model 3.34 (1.73–6.45) 0.71 (0.33–1.54) < 0.001

1-year CV mortality 7.8% (n = 31) 2.6% (n = 73) 2.0% (n = 30) < 0.001

– a Crude model 3.16 (2.07–4.81) reference 0.79 (0.51–1.22) < 0.001

– b Sex/Age model 3.29 (2.16–5.01) 0.66 (0.43–1.02) < 0.001

– c Adjusted model 2.89 (1.66–5.03) 0.57 (0.33–1) < 0.001

– d Fully adjusted model 2.17 (1.19–3.94) 0.64 (0.37–1.14) 0.011

Time to event is shown as median and interquartile range. Hazard ratios along with bootstrapped 95% confidence intervals for the association of initial sBP levels and risk of MACE 
(primary endpoint; composite of non-fatal myocardial infarction, non-fatal stroke, and cardiovascular death) or cardiovascular death (secondary endpoint) at both 30 days and 1 year 
are shown (reference: 100–139 mmHg). Abbreviations: MACE = major adverse cardiovascular event; CV = cardiovascular. 
aCrude regression model; 
bIncludes sex (categorical) and age (continuous); 
cIncludes sex (categorical), age (continuous), body mass index (continuous), history of diabetes mellitus (categorical), total cholesterol (continuous), NT-pro brain natriuretic peptide 
(continuous), and antihypertensive drugs (i.e. ACE-inhibitors, ATII receptor blockers, beta blockers, and calcium antagonists; categorical); 
dIncludes sex (categorical), age (continuous), body mass index (continuous), history of diabetes mellitus (categorical), total cholesterol (continuous), NT-pro brain natriuretic peptide 
(continuous), antihypertensive drugs (i.e. ACE-inhibitors, ATII receptor blockers, beta blockers and calcium antagonists; categorical), high-sensitivity cardiac troponin T (continuous), 
high-sensitivity C-reactive protein (continuous), symptom onset-to-door time (categorical), and ACS type (categorical).
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inflammatory burden reflected by hs-CRP, thus highlighting important 
crosstalks between sBP levels and systemic inflammation.

In aggregate, among contemporary patients with ACS, proxies of 
systemic inflammation and myocardial injury decreased from low to 
high sBP strata, with highest levels observed in those with sBP 
<100 mmHg. Interestingly, among all patients with sBP <100 mmHg, 
patients in CS had a distinct inflammatory profile, and were at marked 
MACE risk, an association that was primarily driven by their high CV 
mortality risk.

Novelty and limitations
This study is based on a prospective real-world cohort with central bio-
marker measurements and independent event adjudication not only at 
30 days, but also at one year. While the assessment of inflammatory 
pathways primarily focused on hs-CRP levels, leukocyte counts, as 
well as the NLR, other biomarkers may also be of interest. Further, le-
vels of hs-cTnT are not only determined by the extent of 
acute myocardial injury, but are also driven by the time that elapsed be-
tween symptom onset and blood sampling. Yet, injury markers 
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Table 4 Baseline characteristics of ACS patients with initial sBP <100 mmHg with or without cardiogenic shock

All hypotensive patient 
(<100 mmHg)

No signs of cardiogenic 
shock

Signs of cardiogenic 
shock

P-value

n = 398 n = 316 n = 82

Patient characteristics

Age (years) 62.5 ± 12.77 61.47 ± 12.82 66.46 ± 11.84 0.0020

% Female ♀ 16.6% (n = 66) 15.5% (n = 49) 20.7% (n = 17) 0.26

BMI (kg/m2) 26.59 ± 3.93 26.59 ± 3.81 26.57 ± 4.44 0.98

Cardiac function

LVEF (%) 48.38 ± 12.16 50.07 ± 11.24 40.73 ± 13.37 < 0.001

Heart rate (b.p.m.) 76.3 ± 18.55 73.99 ± 17.42 85.18 ± 30.13 < 0.001

Systolic BP (mmHg) 89.69 ± 8.69 91.01 ± 7.61 84.59 ± 10.56 < 0.001

Diastolic BP (mmHg) 56.95 ± 10.13 58.06 ± 9.83 52.68 ± 10.21 < 0.001

Cardiometabolic risk factors

Total cholesterol (mmol/L) 4.77 ± 1.21 4.81 ± 1.2 4.59 ± 1.26 0.15

HDL-C (mmol/L) 1.13 ± 0.36 1.13 ± 0.35 1.14 ± 0.39 0.77

LDL-C (mmol/L) 3.06 ± 1.08 3.1 ± 1.1 2.88 ± 1.03 0.11

Triglycerides (mmol/L) 1.04 (0.53–3.39) 1.04 (0.68–1.65) 1.03 (0.68–1.54) 0.62

Glucose (mmol/L) 7.89 ± 3.79 7.4 ± 3.11 9.71 ± 5.25 < 0.001

HbA1c (%) 5.8 (5.6–8.3) 5.8 (5.5–6.4) 5.8 (5.5–6.2) 0.23

Creatinine (μmol/L) 91.92 ± 44.1 86.94 ± 40.76 110.83 ± 50.96 < 0.001

Inflammatory and myocardial injury markers

White blood cell count (WBC, G/L) 11.93 ± 4.6 11.25 ± 4.06 14.57 ± 5.58 < 0.001

Neutrophil-to-lymphocyte ratio 5.37 (3.5–9.36) 5.15 (2.9–8.48) 6.31 (3.86–11.85) 0.031

CRP, high-sensitivity (mg/L) 17.69 ± 41.86 16.06 ± 39.25 24.19 ± 5 0.82 0.15

Troponin T, high-sensitivity (ng/L) 204 (46–295) 155 (55–771) 356 (130–1910) < 0.001

NT-proBNP (ng/L) 2111.4 ± 5932 1475.49 ± 3520 4743.36 ± 11060 < 0.001

Creatine Kinase (x ULN) 1.13 (0.64–2.12) 1.09 (0.56–3.14) 1.64 (0.72–3.56) 0.0020

CK-MB (x ULN) 2.53 (0.63–2.17) 2.5 (1.22–7.45) 3.21 (0.9–9.04) 0.41

ACS type

STEMI 70.1% (n = 279) 66.1% (n = 209) 85.4% (n = 70) < 0.001

IRA

LAD 40.4% (n = 154) 37.9% (n = 114) 50% (n = 40) 0.049

LCx 18.1% (n = 69) 17.9% (n = 54) 18.8% (n = 15) 0.87

RCA 39.1% (n = 149) 42.2% (n = 127) 27.5% (n = 22) 0.017

LMCA 1.8% (n = 7) 1.3% (n = 4) 3.8% (n = 3) 0.15

SVG 0.5% (n = 2) 0.7% (n = 2) 0% (n = 0) 0.47

Data are shown as mean and standard deviation or median and interquartile range if skewed. Creatine kinase and creatine kinase-MB were standardized to the upper limit of normal (ULN) 
of each laboratory. Abbreviations: ACS = acute coronary syndrome; BMI = body mass index; BP = blood pressure; CK-MB = creatine kinase-MB; CRP = C-reactive protein; HbA1c =  
haemoglobin A1c; HDL-C = high-density lipoprotein-cholesterol; IRA = infarct-related artery; LAD = left anterior descending artery; LCx = left circumflex artery; LDL-C = low-density 
lipoprotein-cholesterol; LMCA = left main coronary artery; LVEF = left ventricular ejection fraction; NT-proBNP = N-terminal prohormone of brain natriuretic peptide; RCA = right 
coronary artery; STEMI = ST-elevation myocardial infarction; SVG = saphenous vein graft (bypass). 
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Figure 4 Inflammatory (A) and myocardial injury markers (B) in patients with sBP < 100 mmHg in the presence or absence of cardiogenic shock. 
Values are plotted as mean ± SEM. Calculation of ptrend was achieved by linear trend analysis. Abbreviations: CK = creatine kinase; CK-MB = creatine 
kinase-MB; hs-CRP = high-sensitivity C-reactive protein; hs-cTnT = high-sensitivity cardiac troponin T; N/L ratio = neutrophil-to-lymphocyte-ratio; 
sBP = systolic blood pressure; SEM = standard error of the mean; ULN = upper limit of normal.
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Table 5 Associations of cardiogenic shock with risk of adverse outcomes among all patients with initial sBP 
<100 mmHg

Parameter All hypotensive patients 
(<100 mmHg)

No signs of cardiogenic 
shock

Signs of cardiogenic 
shock

P-value

n = 398 n = 316 n = 82

Outcomes

MACE

30-days MACE 8.8% (n = 35) 4.7% (n = 15) 24.4% (n = 20) < 0.001

– a Crude model reference 5.68 (2.9–11.09) < 0.001

Continued 
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Table 5 Continued  

Parameter All hypotensive patients 
(<100 mmHg)

No signs of cardiogenic 
shock

Signs of cardiogenic 
shock

P-value

n = 398 n = 316 n = 82

– b Sex/Age model 4.75 (2.42–9.3) < 0.001

– c Adjusted model 3.58 (1.77–7.24) < 0.001

– d Fully adjusted model 2.91 (1.34–6.32) 0.0070

1-year MACE 11.6% (n = 46) 7.3% (n = 23) 28% (n = 23) < 0.001

– a Crude model reference 4.41 (2.47–7.87) < 0.001

– b Sex/Age model 3.72 (2.08–6.65) < 0.001

– c Adjusted model 2.94 (1.57–5.53) < 0.001

– d Fully adjusted model 2.14 (1.06–4.3) 0.033

Cardiovascular 
mortality

30-days CV mortality 7.0% (n = 28) 2.8% (n = 9) 23.2% (n = 19) < 0.001

– a Crude model reference 9.14 (4.13–20.2) < 0.001

– b Sex/Age model 7.47 (3.37–16.55) < 0.001

– c Adjusted model 5.52 (2.41–12.65) < 0.001

– d Fully adjusted model 4.74 (1.91–11.78) < 0.001

1-year CV mortality 7.8% (n = 31) 3.2% (n = 10) 25.6% (n = 21) < 0.001

– a Crude model reference 9.2 (4.33–19.55) < 0.001

– b Sex/Age model 7.54 (3.54–16.06) < 0.001

– c Adjusted model 5.96 (2.63–13.52) < 0.001

– d Fully adjusted model 4.74 (1.91–11.78) < 0.001

Data are HRs and bootstrapped 95% confidence intervals of cardiovascular death or MACE (composite of non-fatal myocardial infarction, non-fatal stroke and cardiovascular death) at 30 
days and 1 year. Abbreviations: MACE = major adverse cardiovascular event; CV = cardiovascular. 
aCrude regression model; 
bIncludes sex (categorical) and age (continuous); 
cIncludes sex (categorical), age (continuous), history of diabetes mellitus (categorical) and total cholesterol (continuous); 
dIncludes sex (categorical), age (continuous), history of diabetes mellitus (categorical), total cholesterol (continuous), high-sensitivity cardiac troponin T (continuous), high-sensitivity 
C-reactive protein (continuous), symptom onset-to-door time (categorical) and ACS type (categorical).

Figure 5 Kaplan–Meier estimates for 1-year MACE-free survival in ACS patients with sBP <100 mmHg in the presence (+) or absence (-) of car-
diogenic shock. Abbreviation: MACE = major adverse cardiovascular event; sBP = systolic blood pressure.

448                                                                                                                                                                                        P.A. Winzap et al.
D

ow
nloaded from

 https://academ
ic.oup.com

/ehjacc/article/12/7/437/7157005 by guest on 04 July 2024



decreased consistently from low up to high sBP strata, while prehospi-
tal delays increased across sBP groups, providing high internal validity of 
these findings. Finally, the present study has several limitations inherent 
to any cohort study, including the risk of residual confounding and a po-
tential selection bias.
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