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Abstract

Background Among patients with acute coronary syndrome and percutaneous coronary intervention, stress
hyperglycemia ratio (SHR) is primarily associated with short-term unfavorable outcomes. However, the relationship
between SHR and long-term worsen prognosis in acute myocardial infarction (AMI) patients admitted in intensive
care unit (ICU) are not fully investigated, especially in those with different ethnicity. This study aimed to clarify the
association of SHR with all-cause mortality in critical AMI patients from American and Chinese cohorts.

Methods Overall 4,337 AMI patients with their first ICU admission from the American Medical Information Mart for
Intensive Care (MIMIC)-IV database (n=2,166) and Chinese multicenter registry cohort Cardiorenal ImprovemeNt |
(CIN-II, n=2,171) were included in this study. The patients were divided into 4 groups based on quantiles of SHR in
both two cohorts.

Results The total mortality was 23.8% (maximum follow-up time: 12.1 years) in American MIMIC-IV and 29.1%
(maximum follow-up time: 14.1 years) in Chinese CIN-II. In MIMIC-IV cohort, patients with SHR of quartile 4 had higher
risk of 1-year (adjusted hazard radio [aHR]=1.87; 95% Cl: 1.40-2.50) and long-term (aHR=1.63; 95% Cl: 1.27-2.09)
all-cause mortality than quartile 2 (as reference). Similar results were observed in CIN-Il cohort (1-year mortality:
aHR=1.44; 95%Cl: 1.03-2.02; long-term mortality: aHR=1.32; 95%Cl: 1.05-1.66). In both two group, restricted

cubic splines indicated a J-shaped correlation between SHR and all-cause mortality. In subgroup analysis, SHR was
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significantly associated with higher 1-year and long-term all-cause mortality among patients without diabetes in both

MIMIC-IV and CIN-Il cohort.

Conclusion Among critical AMI patients, elevated SHR is significantly associated with and 1-year and long-term all-
cause mortality, especially in those without diabetes, and the results are consistently in both American and Chinese

cohorts.

Keywords Coronary artery disease, Stress hyperglycemia ratio, Diabetes, Mortality

Introduction

Acute myocardial infarction (AMI) remains a growing
threat to public health and a leading cause of morbidity
and mortality worldwide [1]. According to a nationwide
cohort study, nearly 50% AMI patients admitted into
intensive care unit (ICU) in the United States, and the
mortality remained in the range of 14-50% in last two
decades [2-6].

Stress hyperglycemia has been reported in a transient
metabolic response with increasing of glucose level
among patients with emergency situation [7-9], and
caused the atherosclerotic plaque instability, rupture and
exacerbate myocardial ischemia [10, 11]. Compared with
admission blood glucose (ABG), stress hyperglycemia
ratio (SHR) as a newly indicator of stress hyperglycemia
which is divided ABG measurement by HbAlc [12-15].

Previous studies on patients with acute coronary syn-
drome patients or AM]I, including those underwent per-
cutaneous coronary intervention, found that SHR has
J-shaped or U-shaped association with short- and long-
term mortality [12, 16, 17]. While AMI patients who
requiring intensive care may have nearly 2-fold mortality
increased than non-critical status [4]. It still lacking evi-
dence of the association of SHR with long-term worsen
prognosis among AMI patients in critical status. Further-
more, whether this correlation has heterogeneous due to
differences ethnicity or not is unknowing.

Accordingly, the purpose of the current study was to
assess the relationship between SHR and 1-year and
long-term all-cause mortality in AMI patients following
admission to ICU from American MIMIC-IV cohort and
Chinese CIN-II cohort.

Methods

Study design and population

We employed electronic hospital records (EHR) data
obtain from one U.S. public critical care databases as well
as proprietary real-world EHR dataset from China. The
Medical Information Mart for Intensive Care (MIMIC-IV
2.2 version) database provided information on 315,460
inpatients of Beth Israel Deaconess Medical Center from
2008 to 2019 for the American cohort [18]. Patients
meeting the following criteria were included: (1) age
over 18 years; (2) combined with AMI; (3) first admit-
ted to ICU. Patients meeting the following criteria were

excluded: (1) missing discharge status; (2) insufficient or
missing important laboratory results (glucose on admis-
sion or glycated hemoglobin [HbAlc]); (3) missing fol-
low-up information. Finally, 2,166 critical AMI patients
in were included in American MIMIC-IV.

In the Chinese cohort, we analyzed data in the registry
of Cardiorenal ImprovemeNt II (CIN-II, NCT05050877)
cohort during 2007 to 2020 in five south Chinese regional
central tertiary teaching hospitals, which covered 145,267
patients with coronary catheterization [19]. The same
inclusion and exclusion criteria were applied. Finally,
2,171 participants in CIN-II were included. (Fig. 1)

The protocol of CIN-II study was approved by the
Guangdong Provincial People’s Hospital Ethics Com-
mittee (No.GDREC2019-555 H-2), all participating sites
received institutional review board approval from their
own ethics committees, and the study was performed
according to the declaration of Helsinki.

Data collection

To access the database, we completed a training course
on National Institutes of Health website and an exam of
“Protecting Human Research Participants” (certification
number: 36,322,632). We extracted variables including
demographics, comorbidities, laboratory results, labora-
tory indices, operations, medication, and discharge status
from MIMIC-IV database. The code for data query and
extraction was available from the Repository (website:
https://github.com/MIT-LCP/mimic-code).

In CIN-II cohort, the in-hospital patient data was col-
lected from the electronic clinical management system,
which also contained records of demographic character-
istic, clinical variables, and discharge status. The follow-
up information was acquired by matching the survival
data from Centers for Disease Control and Prevention.
Senior cardiologists regularly conducted periodic data
verification procedures to ensure data integrity and
accuracy.

Outcomes and definitions

The study outcome was all-cause mortality (maximum
follow-up of 12.1 years for MIMIC-IV and maximum fol-
low-up of 14.1 years for CIN-II cohort). SHR was defined
as the index calculated by the formula: SHR = (admission
glucose) (mmol/L) / (1.59 * HbAlc [%] — 2.59). Chronic
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Fig. 1 Flow chart AMI=acute myocardial infarction, ICU=intensive care unit, SHR=stress hyperglycemia ratio

kidney disease (CKD) was defined using an estimated
glomerular filtration rate<60 ml/min/1.73 m? by CKD-
EPI equation [20]. Anemia was defined as hematocrit
below 36% for women and 39% for men [21]. Other
comorbidities were identified by ICD-9 or ICD-10 codes
of discharge diagnoses in MIMIC-IV database, and by
ICD-10 codes in CIN-II cohort.

Statistical analysis

We divided patients into 4 groups based on quartile of
SHR level in MIMIC-IV and CIN-II cohorts, respec-
tively. Continuous data were shown as mean (SD) for
data with normally distributed and median (IQR) for data
with non-normally distributed, and categorical data were
expressed as counts and percentages. ANOVA analy-
sis, the Kruskal-Wallis test for continuous variables, or
the chi-square test for categorical data, as applicable,
were used to compare the groups. Cumulative hazard of
all-cause mortality was estimated by the Kaplan—Meier
method.

Univariable and multivariable Cox regression mod-
els were performed to assess the relationship between
SHR level and long-term all-cause mortality in both two
cohorts. Characteristic variables with significant baseline
differences or clinical significance and common in the
two cohorts were included in final multivariable regres-
sion models. Model 1 was unadjusted, model 2 adjusted
for age and gender, and model 3 adjusted for age, gen-
der, hypertension, diabetes mellitus, CKD, congestive
heart failure (CHF), atrial fibrillation, stroke, anemia,
and revascularization (including percutaneous coronary
intervention [PCI] and coronary artery bypass graft-
ing [CABG]). In addition, restricted cubic spline (RCS)
was used to explore the correlation between SHR and
all-cause mortality, with the same adjusted factors as

multivariable regression in the RCS model. Hazard ratios
(HR) and 95% confidence intervals (CI) are used to pres-
ent the results. In addition, subgroup analyses were also
performed to assess the influence of SHR on all-cause
mortality in different subgroups stratified by diabetes
(yes or not) and quick sequential organ failure assess-
ment (qSOFA) score (22 or <2) (Supplemental Table 1).
The statistical analysis was performed by R software (ver-
sion 4.2.1). A two-tailed P value<0.05 was considered
statistically significant.

Results

Baseline characteristics

A total of 1,343 critical AMI patients were enrolled from
American MIMIC-IV cohort (mean age [SD]: 67.4£12.9
years; 31.6% female), and 2,171 critical patients with AMI
were enrolled in Chinese CIN-II cohort (mean age [SD]:
62.9%12.1 years; 20.6% female). We divided patients into
4 groups based on their SHR level in MIMIC-IV cohort
(quartile 1 [n=542], SHR<O0.88; quartile 2 [n=542],
0.88<SHR<1.04; quartile 3 [n=540], 1.04<SHR<1.30;
quartile 4 [n=542], SHR>1.30) and CIN-II cohort
(quartile 1 [n=543], SHR<O0.86; quartile 2 [n=543],
0.86<SHR<1.02; quartile 3 [n=542], 1.02<SHR<1.23;
quartile 4 [n=543], SHR>1.23).

In the MIMIC-IV cohort, 66.3% patients (n=1,435)
had hypertension, 44.1% patients (n=956) had dia-
betes, 44.6% patients (n=966) had CHF and 36.5%
patients (n=790) had CKD, and 37.8% patients (n=498)
received PCI therapy. In addition, 7.0% patients (n=152)
had qSOFA score>2. In CIN-II cohort, 50.1% patients
(n=1,088) had hypertension, 42.1% patients (n=915) had
diabetes, 42.5% patients (n=923) had CHF and 32.7%
patients (n=710) had CKD, 89.3% patients (n=1,938)
received PCI therapy, and 20.8% patients (n=187) had
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qSOFA score>2. More details of the baseline information
of both cohorts are listed in Table 1.

Clinical outcomes

In the American MIMIC-IV cohort, totally 319 patients
(23.8%) experienced all-cause mortality, with the high-
est mortality in quartile 4 (n=109, 32.4%). Mortality in
Chinese CIN-II cohort is similar to American MIMIC-IV
cohort: there were 632 cases (29.1%) of all-cause mor-
tality, with the highest mortality in quartile 4 (n=184,
33.9%). Kaplan—Meier survival analyses results about the
two cohorts are presented in Fig. 2.

Results of the RCS analyses indicated a J-shaped associ-
ation of the SHR with the all-cause mortality in both two
cohorts during follow-up period (P value for nonlinear-
ity<0.05 for 1-year mortality in MIMIC-IV and for long-
term mortality in CIN-II cohort). The cut-off value of
SHR to the lowest risk of all-cause mortality on RCS was
1.04 in MIMIC-IV and 1.02 in CIN-II cohort. (Figure. 2)

After adjusted for confounders, in MIMIC-IV cohort,
high SHR (as continuous variables) was significantly
associated with the risk of 1-year (HR=1.30 95%CI: 1.19—
1.42, P<0.001) and long-term (HR=1.30 95%CIL: 1.19-
1.41, P<0.001) all-cause mortality. In addition, compared
with patients with an SHR of 0.88-1.04 (quartile 2),
patients with an SHR>1.30 (quartile 4) had a higher risk
of both 1-year (HR=1.87 95%CI: 1.40-2.50, P<0.001)
and long-term (HR=1.63 95%CIL: 1.27-2.09, P<0.001)
all-cause mortality. (Table 2)

Similar results were observed in Chinese CIN-II group.
Each unit increase in the SHR index were associated with
34% increased risk of 1-year mortality (HR=1.34 95%CI:
1.01-1.78, P=0.043) and 26% increased risk of long-
term mortality (HR=1.26 95%CI: 1.01-1.57, P=0.038).
Patients with SHR>1.23 (quartile 4) also had a higher
risk of 1-year (HR=1.44 95%CI: 1.03-2.02, P=0.034) and
long-term (HR=1.32 95%CI: 1.05-1.66, P=0.017) all-
cause mortality than quartile 2. (Table 2)

Subgroup analyses

Subgroup analyses were performed for evaluation of the
association of SHR with the all-cause mortality accord-
ing to diabetes status (with or without) in two cohorts.
(Figure. 3)

Among the patients without diabetes, SHR in quartile
4 was significantly associated with an increased risk of
all-cause mortality on both MIMIC-IV cohort (HR=2.03,
95%CI: 1.43-2.89) and CIN-II cohort (HR=1.74, 95%ClL:
1.26-2.41), compared with SHR in quartile 2. However,
no significant difference was observed among diabe-
tes patients in two cohorts. (MIMIC-IV: P for interac-
tion=0.101; CIN-ILI: P for interaction=0.008). Similar
results were observed in 1-year mortality.
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Discussion

To the best of our knowledge, this study is the first to
examine the association between stress hyperglyce-
mia ratio and long-term all-cause mortality in patients
with critical AMI. To achieve this goal, we verify the
consistency of the results among American and Chi-
nese cohorts. Our findings demonstrated that (1) AMI
patients after admission in the ICU from U.S. and China
cohorts with elevated SHR level is associated with higher
1-year and long-term all-cause mortality. (2) elevated
SHR is significantly associated with higher risk of all-
cause mortality in the critical AMI patients without dia-
betes in both two cohorts. Most importantly, this study
provides a simple and efficient biomarker for risk clas-
sification of stress hyperglycemia in AMI patients who
admit in intensive care unit.

Stress hyperglycemia has been proven to be a strong
predictor of a higher risk of mortality and morbidity
risk in patients with AMI [22-25]. Previously, admission
glucose was questioned as a marker for stress hypergly-
cemia, and high admission glucose value doesn’t neces-
sarily indicate an acute glucose increase in response to
AMI, particularly in diabetes patients with poor glyce-
mic control [26]. Thus SHR, an index of relative glyce-
mia, was introduced with the aim of gaining new insights
into the relationship between hyperglycemia and patient
outcomes by correcting glucose levels for HbAlc. Yang
et al. reported a J-shaped correlation of SHR and long-
term adverse outcomes in 5,562 patients with acute coro-
nary syndrome (ACS), with quintile 3 as the reference,
higher SHR (quintile 4 and 5) and lower SHR (quintile
1 and 2) had increased risks of 2-year MACCE, and the
highest SHR (quintile 5) had the most increase in risk by
49% [12]. Wei et al. also observed a J-shaped relationship
between stress hyperglycemia and mortality outcomes in
patients with ACS undergoing PCI over a median follow-
up period of 32.7 months [27]. In this study, the highest
SHR quartile increased the risk of all-cause mortality by
118% and 33% among critically ill patients with AMI in
the American MIMIC-IV and Chinese CIN-II cohorts,
respectively.

In emergency or critically sick patients, the ideal gly-
cemic control target is a source of great debate. Some of
the previous studies found that stress hyperglycemia in
acute AMI was more likely to be associated with worse
outcomes in non-diabetic patients than in patients with
known diabetes [28]. A recent observational study with
6,287 STEMI patients demonstrated that the highest
SHR quartile was significantly associated with worse out-
comes in non-diabetic, instead of diabetic patients, dur-
ing a 5-year follow-up [29]. Similarly, in Chinese cohort,
SHR was significantly associated with the long-term
all-cause mortality among critical AMI patients with-
out diabetes (P for interaction=0.008). It indicated that
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Fig. 2 Association of SHR and all-cause mortality among U.S and Chinese patients with critical AMI (A) SHR and all-cause mortality at 1-year
follow-up in U.S MIMIC-IV cohort. (B) SHR and all-cause mortality at 1-year follow-up in Chinese CIN-Il cohort. (C) SHR and all-cause mortality at a maxi-
mum follow-up of 12.1 years American MIMIC-IV cohort. (D) SHR and all-cause mortality at a maximum follow-up of 14.1 years in Chinese CIN-Il cohort.
Both cohorts adjusted for age, gender, hypertension, diabetes mellitus, congestive heart failure, chronic kidney disease, atrial fibrillation, stroke, anemia,
and revascularization. HRs and 95% Cls are indicated by red lines for MIMIC-IV cohort, and by blue lines for CIN-Il cohort. Density plot are presented by

orange shadow area for MIMIC-IV cohort, and by light blue shadow area for CIN-Il cohort. Ref =reference value

SHR have a better potential on glucose management than
admission blood glucose index among patients with criti-
cal myocardial infarction.

Stress hyperglycemia emphasizes the relative acute rise
of glycemia in response to stress reaction or severe dis-
ease [30]. It has been identified as an independent risk
factor for poor prognosis in patients with ACS or AMI,
it causes myocardial infarctions to be larger, portending
a higher risk of adverse cardiovascular events [16, 23].
We speculate that mild to moderate stress hyperglycemia

may play a protective role in the acute phase by increas-
ing cell survival factors and decreasing apoptosis to
reduce infarct size and improve systolic function, espe-
cially for ischemia [15, 31]. However, the excessive SHR
may trigger inflammation and oxidative stress, aggravates
the endothelial dysfunction of critically ill AMI patients.
and induces a pro-thrombotic state [14]. Meanwhile,
stress hyperglycemia is always accompanied by oxidative
stress and inflammatory responses, increasing endothe-
lial dysfunction, thrombosis, and ischemia-reperfusion
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Subgroups MIMIC-IV cohort HR (95%CIl) Pinteraction CIN-Il cohort HR (95%Cl) Pinteraction
1-year mortality i 0.068 i 0.050
Diabetes ‘ :

Quartile 1 '—QI—' 0.98 (0.63 to 1.52) '—IQ—' 1.03 (0.63 to 1.69)
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Quartile 4 E ———@&— 2387 (1.88104.37) E'—O—' 1.69 (1.05 t0 2.74)
Long-term mortality* E 0.101 E 0.008
Diabetes i E
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Fig. 3 Forest plot for the associations of SHR and all-cause mortality among patients with or with diabetes mellitus in U.S. and Chinese critical
AMI patients t: Maximum follow-up of 12.1 years for American MIMIC-IV cohort, and 14.1 years for Chinese CIN-Il cohort. Both cohorts adjusted for age,
gender, hypertension, congestive heart failure, chronic kidney disease, atrial fibrillation, stroke, anemia, and revascularization

Table 2 Multivariable cox regression analysis for 1-year and long-term all-cause mortality

Groups MIMIC-IV CIN-II

Events (rate, %) HR (95%Cl) P value Events (rate, %) HR (95%Cl) P value
1-year all-cause mortality
SHR (continuous) 381 (17.6) 1.30(1.19-1.42) <0.001 298 (13.7) 1.34(1.01-1.78) 0.043
SHR (categorical)
Quartile 1 79 (14.6) 1.22 (0.88-1.68) 0.239 71(13.1) 1.14 (0.80-1.64) 0.459
Quartile 2 70(12.9) Ref 55(10.1) Ref
Quartile 3 85(15.7) 1.30 (0.94-1.78) 0.110 74(13.7) 127 (0.89-1.81) 0.191
Quartile 4 147 (27.1) 1.87 (1.40-2.50) <0.001 98 (18.0) 144 (1.03-2.02) 0.034
Long-term all-cause mortality"
SHR (continuous) 511 (23.6) 1.30 (1.19-1.41) <0.001 632 (29.1) 1.26 (1.01-1.57) 0.038
SHR (categorical)
Quartile 1 120 (22.1) 1.21(0.92-1.57) 0.170 170 (31.3) 1.11(0.88-141) 0.364
Quartile 2 103 (19.0) Ref 133 (24.5) Ref
Quartile 3 110 (20.4) 1.23(0.94-1.61) 0.140 145 (26.8) 1.04 (0.82-1.33) 0.735
Quartile 4 178 (32.8) 1.63 (1.27-2.09) <0.001 184 (33.9) 1.32(1.05-1.66) 0.017

Both cohorts adjusted for age, gender, hypertension, diabetes mellitus, congestive heart failure, chronic kidney disease, atrial fibrillation, stroke, anemia, and

revascularization;

#: Maximum follow-up of 12.1 years for American MIMIC-IV cohort, and 14.1 years for Chinese CIN-Il cohort

injury, result in the aggravated myocardial injury [17].
During myocardial infarction, stress hyperglycemia will
promote a pro-thrombotic state and activate the neu-
roendocrine system, causing excessive release of cat-
echolamines and cytokines, damaged the endothelial
function of blood vessels [30, 32]. Moreover, researchers

contend that stress hyperglycemia may lead the increas-
ing production of reactive oxygen species, inducing car-
diomyocyte apoptosis and cardiac dysfunction [33]. In
addition, SHR were found to be significantly associated
with the long-term all-cause mortality among critical
AMI patients without diabetes. Since the blood glucose
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level is usually higher in patients with diabetes before
ACS, the threshold glucose level associated with poor
prognosis might be raised [30].

In the current study, we evaluated the predictive value
of SHR for long-term all-cause mortality in patients with
AMI admitted into ICU in the Chinese CIN-II cohort,
and we verified the findings in the American MIMIC-
IV cohort. We find higher SHR is associated with an
increased risk of all-cause mortality among critically
ill patients with AMI, and this relationship exists only
among those who do not have diabetes. Patients admit-
ted into ICUs tend to present with unstable hemodynam-
ics and require optimal care and management in time.
Our findings emphasize the importance of careful glyce-
mic control in AMI patients admitted into ICUs in hope
to improve patient outcomes. Moreover, patients with
abnormally elevated SHR at admission should be treated
with different glycemic management strategies, especially
for those without diabetes. Further studies are needed
determine the mechanisms between stress hyperglycemia
and outcomes in critical AMI patients.

Limitation

We acknowledge several limitations in our study. First,
due to the nature of retrospective analysis, this study
lacks data on potential confounders such as duration of
diabetes. While it is the real-world study to demonstrate
the significant relationship of elevated SHR on long-term
all-cause mortality among AMI patients with critical
status, and further describe the consistent on Ameri-
can and China cohorts. Second, patients with normal
blood glucose or without history of diabetes were less
likely to have HbAlc measurement. However, we could
still observe the stratified relationship of mortality under
different SHR levels on these two cohorts. Thirdly, both
American MIMIC-IV and Chinese CIN-II cohorts are
missing data about TIMI scores, a risk assessment tool
used in patients with acute coronary syndromes. There-
fore, as an alternative, we used the qSOFA score, which
can promptly identify infected patients likely to fare
poorly, as a risk assessment tool used in patients with
acute coronary syndromes [34]. We have performed
subgroup analysis according to gSOFA score (=2 or <2)
and showed the results in Supplemental Table 1. Finally,
this study only covered all-cause mortality, and did not
include major adverse cardiovascular events. But this
study was linked to survival information from Centers
for Disease Control and Prevention, and have two large-
scale critical AMI samples to evaluate the heterogeneity.
Further perspective studies are warranted to evaluate the
association of SHR and long-term prognosis among criti-
cal AMI patients.
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Conclusion

Our study shows that the SHR index shows a J-shaped
association with 1-year and long-term all-cause mortal-
ity in both American MIMIC-IV and Chinese CIN-II
cohort. SHR can be a prominent risk predictor of prog-
nosis for AMI patients with critical status, especially in
those without diabetes mellitus. Further randomized
studies are needed to investigate the effect of glycemic
control according to the SHR on improving outcomes
among patients with critical AMIL.

Supplementary Information
The online version contains supplementary material available at https://doi.
0rg/10.1186/512933-023-02012-1.

[ Supplementary Material 1 J

Acknowledgements
None.

Author contributions

XYZ,RLM, JL, SQC, YL and NT and were responsible for the study concept
and data collection. JL, SQC and YL for study design. Data extraction was
undertaken by TTZ. RL, YQL, CYW, NJX and FG were responsible for data
analysis and intellectual direction. Drafting of the manuscript: JL, YZ, HAH, YK,
JLW and YWG. All authors read and approved the final manuscript.

Funding

This work was supported by grants from Guangdong Provincial science and
technology project (2020B1111170011, DFJH201919); Guangdong Provincial
science and technology project (KJ022021049); Guangdong Provincial Key
Laboratory of Coronary Heart Disease Prevention (No.Y0120220151); Beijing
Nova Program (20220484024). The work was not funded by any industry
SPONSOTS.

Data Availability
The datasets used and/or analyzed during the current study are available from
the corresponding author on reasonable request.

Declarations

Competing interests
The authors declare no competing interests.

Ethics approval and consent to participate

The study protocol was approved by the Guangdong Provincial People’s
Hospital ethics committee (No.GDREC2019-555 H-2), all participating

sites received institutional review board approval from their own ethics
committees, and the study was performed according to the declaration of
Helsinki. All the data used in this study were anonymized before its use. Since
our study included retrospective cases, there was no additional intervention,
and all patient information was desensitized, and the need for written
informed consent was waived.

Consent for publication
Not applicable.

Author details

'Department of Cardiology, Guangdong Provincial People’s Hospital,
Guangdong Cardiovascular Institute, Southern Medical University,
Guangzhou, China

“Guangdong Provincial Key Laboratory of Coronary Heart Disease
Prevention, Guangdong Provincial People’s Hospital, Guangdong
Academy of Medical Sciences, Guangzhou, China

3School of Mathematics, South China University of Technology,
Guangzhou, China


https://doi.org/10.1186/s12933-023-02012-1
https://doi.org/10.1186/s12933-023-02012-1

Liu et al. Cardiovascular Diabetology (2023) 22:281

“Department of Engineering Science, Institute of Biomedical Engineering,
University of Oxford, Oxford, UK

The Second School of Clinical Medicine, Southern Medical University,
Guangzhou, China

5Jinan university, Zhuhai People’s Hospital, Zhuhai, China

’Department of Cardiology, Zhongshan City People’s Hospital,
Zhongshan, China

8Global Health Research Center, Guangdong Provincial People’s Hospital,
Guangdong Academy of Medical Science, Guangzhou, China

“Institute of Control and Prevention for Chronic Non-infective Disease,
Guangdong Provincial Center for Disease Control and Prevention,
Guangzhou, China

1%Department of Cardiology, Beijing Anzhen Hospital, Capital Medical
University, Beijing, China

Received: 1 August 2023 / Accepted: 4 October 2023
Published online: 21 October 2023

References

1. Roth GA, Johnson C, Abajobir A, Abd-Allah F, Abera SF, Abyu G, et al. Global,
Regional, and National Burden of Cardiovascular Diseases for 10 causes, 1990
t0 2015. J Am Coll Cardiol. 2017;70(1):1-25.

2. ValleyTs, Sjoding MW, Goldberger ZD, Cooke CR.ICU use and quality
of care for patients with myocardial infarction and heart failure. Chest.
2016;150(3):524-32.

3. Vincent JL, Marshall JC, Namendys-Silva SA, Francois B, Martin-Loeches |,
Lipman J, et al. Assessment of the worldwide burden of critical illness: the
intensive care over nations (ICON) audit. The Lancet Respiratory Medicine.
2014;2(5):380-6.

4. Leone M, Bechis C, Baumstarck K, Ouattara A, Collange O, Augustin P,
et al. Outcome of acute mesenteric ischemia in the intensive care unit:

a retrospective, multicenter study of 780 cases. Intensive Care Med.
201541(4).667-76.

5. JoyntKE, Harris Y, Orav EJ, Jha AK. Quality of care and patient outcomes in
critical access rural hospitals. JAMA. 2011;306(1):45-52.

6. Thiele H,Ohman EM, de Waha-Thiele S, Zeymer U, Desch S. Management of
cardiogenic shock complicating myocardial infarction: an update 2019. Eur
Heart J. 2019;40(32):2671-83.

7. Dungan KM, Braithwaite SS, Preiser JC. Stress hyperglycaemia. Lancet.
2009;373(9677):1798-807.

8. Marik PE, Bellomo R. Stress hyperglycemia: an essential survival response!
Critical care. (London England). 2013;17(2):305.

9. Wang X, Cheng FTF, Lam TYT, Liu Y, Huang D, Liu X, et al. Stress hypergly-
cemia is Associated with an increased risk of subsequent development of
diabetes among bacteremic and nonbacteremic patients. Diabetes Care.
2022;45(6):1438-44.

10.  D'Onofrio N, Sardu C, Paolisso P, Minicucci F, Gragnano F, Ferraraccio F, et al.
MicroRNA-33 and SIRT1 influence the coronary thrombus burden in hyper-
glycemic STEMI patients. J Cell Physiol. 2020;235(2):1438-52.

11, Schmitz T, Freuer D, Harmel E, Heier M, Peters A, Linseisen J, et al. Prognostic
value of stress hyperglycemia ratio on short- and long-term mortality after
acute myocardial infarction. Acta Diabetol. 2022;59(8):1019-29.

12. YangJ, Zheng, Li C, Gao J, Meng X, Zhang K, et al. The impact of the stress
hyperglycemia ratio on short-term and long-term poor prognosis in patients
with Acute Coronary Syndrome: insight from a large cohort study in Asia.
Diabetes Care. 2022:45(4):947-56.

13. Cui K, FuR,Yang J, XuH,Yin D, Song W, et al. Stress hyperglycemia ratio and
long-term mortality after acute myocardial infarction in patients with and
without diabetes: a prospective, nationwide, and multicentre registry. Diabe-
tes Metab Res Rev. 2022;38(7):e3562.

14. FuR, CuiK, Yang J, XuH,Yin D, Song W, et al. Fasting stress hyperglycemia
ratio and in-hospital mortality after acute myocardial infarction in patients
with different glucose metabolism status: results from China acute myocar-
dial infarction registry. Diabetes Res Clin Pract. 2023;196:110241.

15. Wang M, SuW, Cao N, Chen H, Li H. Prognostic implication of stress hypergly-
cemia in patients with acute coronary syndrome undergoing percutaneous
coronary intervention. Cardiovasc Diabetol. 2023;22(1):63.

Page 9 of 9

16. XuW, Song Q,Wang X, Zhao Z, Meng X, Xia C, et al. Association of stress
hyperglycemia ratio and in-hospital mortality in patients with coronary
artery disease: insights from a large cohort study. Cardiovasc Diabetol.
2022;21(1):217.

17. Chen G, Li M, Wen X, Wang R, Zhou Y, Xue L, et al. Association between stress
hyperglycemia ratio and In-hospital outcomes in Elderly patients with Acute
myocardial infarction. Front Cardiovasc Med. 2021;8:698725.

18. Johnson AEW, Bulgarelli L, Shen L, Gayles A, Shammout A, Horng S, et al.
MIMIC-IV, a freely accessible electronic health record dataset. Sci Data.
2023;10(1):1.

19.  Chen SQ Liu J, Zhou Y, Huang ZD, Xie Y, Huang HZ, et al. Sex differences in
characteristics, treatments, and In-hospital outcomes of patients undergoing
coronary angiography or intervention. Front Cardiovasc Med. 2022;9:878566.

20. Levey AS, Stevens LA, Schmid CH, Zhang YL, Castro AF 3rd, Feldman HI, et
al. A new equation to estimate glomerular filtration rate. Ann Intern Med.
2009;150(9):604-12.

21, Nutritional anaemias. Report of a WHO scientific group. World Health Organ
Tech Rep Ser. 1968;405:5-37.

22. Capes SE, Hunt D, Malmberg K, Gerstein HC. Stress hyperglycaemia and
increased risk of death after myocardial infarction in patients with and with-
out diabetes: a systematic overview. Lancet. 2000;355(9206):773-8.

23.  Kosiborod M, Rathore SS, Inzucchi SE, Masoudi FA, Wang Y, Havranek EP, et al.
Admission glucose and mortality in elderly patients hospitalized with acute
myocardial infarction: implications for patients with and without recognized
diabetes. Circulation. 2005;111(23):3078-86.

24.  Umpierrez GE, Isaacs SD, Bazargan N, You X, Thaler LM, Kitabchi AE. Hyper-
glycemia: an independent marker of in-hospital mortality in patients with
undiagnosed diabetes. J Clin Endocrinol Metab. 2002;87(3):978-82.

25.  Planer D, Witzenbichler B, Guagliumi G, Peruga JZ, Brodie BR, Xu K, et al.
Impact of hyperglycemia in patients with ST-segment elevation myocardial
infarction undergoing percutaneous coronary intervention: the HORIZONS-
AMI trial. Int J Cardiol. 2013;167(6):2572-9.

26. Gao S, Liu Q Ding X, Chen H, Zhao X, Li H. Predictive value of the Acute-to-
chronic glycemic ratio for In-Hospital outcomes in patients with ST-Segment
Elevation myocardial infarction undergoing percutaneous coronary interven-
tion. Angiology. 2020;71(1):38-47.

27. WeiQC, Chen YW, Gao QY, Ren KD, Liu YB, He F, et al. Association of stress
hyperglycemia with clinical outcomes in patients with ST-elevation myo-
cardial infarction undergoing percutaneous coronary intervention: a cohort
study. Cardiovasc Diabetol. 2023;22(1):85.

28.  Capes SE, Hunt D, Malmberg K, Pathak P, Gerstein HC. Stress hyperglycemia
and prognosis of stroke in nondiabetic and diabetic patients: a systematic
overview. Stroke. 2001;32(10):2426-32.

29. KojimaT, Hikoso S, Nakatani D, Suna S, Dohi T, Mizuno H, et al. Impact of
hyperglycemia on long-term outcome in patients with ST-Segment Elevation
myocardial infarction. Am J Cardiol. 2020;125(6):851-9.

30. GaoS,Huang S, Lin X, Xu L, Yu M. Prognostic implications of stress hyper-
glycemia ratio in patients with myocardial infarction with nonobstructive
coronary arteries. Ann Med. 2023;55(1):990-9.

31, Malfitano C, Alba Loureiro TC, Rodrigues B, Sirvente R, Salemi VI, Rabechi
NB, et al. Hyperglycaemia protects the heart after myocardial infarc-
tion: aspects of programmed cell survival and cell death. Eur J Heart Fail.
2010;12(7):659-67.

32. Paolisso P, Foa A, Bergamaschi L, Angeli F, Fabrizio M, Donati F, et al. Impact of
admission hyperglycemia on short and long-term prognosis in acute myocar-
dial infarction: MINOCA versus MIOCA. Cardiovasc Diabetol. 2021;20(1):192.

33. Kitano D, Takayama T, Nagashima K, Akabane M, Okubo K, Hiro T, et al. A
comparative study of time-specific oxidative stress after acute myocardial
infarction in patients with and without diabetes mellitus. BMC Cardiovasc
Disord. 2016;16:102.

34.  Singer M, Deutschman CS, Seymour CW, Shankar-Hari M, Annane D, Bauer
M, et al. The Third International Consensus Definitions for Sepsis and septic
shock (Sepsis-3). JAMA. 2016;315(8):801-10.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.



	﻿Impact of stress hyperglycemia ratio on mortality in patients with critical acute myocardial infarction: insight from american MIMIC-IV and the chinese CIN-II study
	﻿Abstract
	﻿Introduction
	﻿Methods
	﻿Study design and population
	﻿Data collection
	﻿Outcomes and definitions
	﻿Statistical analysis

	﻿Results
	﻿Baseline characteristics
	﻿Clinical outcomes
	﻿Subgroup analyses

	﻿Discussion
	﻿Limitation

	﻿Conclusion
	﻿References


