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Abstract. – OBJECTIVE: Cardiovascular dis-
ease (CVD) and cerebrovascular disease are the 
leading cause of death around the world all the 
time. A novel marker described as the stress hy-
perglycemia ratio (SHR) can reflect the acute hy-
perglycemic status and is associated with poor 
outcomes in patients with acute illness, such as 
stroke and myocardial infarction (MI). Our previ-
ous study has shown that SHR was strongly re-
lated to the clinical outcomes of stroke patients. 
Nevertheless, the association between SHR and 
clinical outcomes in patients with CVD is still 
unclear and controversial. Consequently, in the 
current study, we analyzed the association of 
SHR and clinical outcomes in CVD patients by 
systematic review and meta-analysis.

MATERIALS AND METHODS: We searched 
the electronic databases to identify SHR stud-
ies of patients who met the eligibility criteria for 
CVD. We performed our study complying with 
the Preferred Reporting Items for Systematic 
Reviews and Meta-Analyses (PRISMA). We uti-
lized a ten terms tool to assess the potential bi-
as of included studies. Major adverse cardio-
vascular and cerebrovascular events (MACCEs), 
all-cause death, left ventricular ejection fraction 
(LVEF), and other exciting outcome data were 
extracted for statistical analysis. Moreover, we 
used the DerSimonian and Laird random-effects 
model to perform the meta-analysis and con-
ducted subgroup analyses to identify factors as-
sociated with substantial heterogeneity.

RESULTS: The study cohort included nine 
studies comprising 32,292 patients with CVD. 
Our meta-analysis found that MACCEs in the 
high SHR group were 1.68 folds compared with 
that in the low SHR group [odds ratio (OR) 
1.68, 95% confidence interval (CI) 1.41-2.00, p 
< 0.00001]. Besides, all-cause death in the high 
SHR group was 1.52 folds compared with that 
in the low SHR group (OR 1.52, 95% CI 1.15-
2.01, p < 0.00001). Higher SHR meant the lower 
LVEF (mean difference [MD] -2.03, 95% CI [-3.28-

0.79], p = 0.001). The risk of cardiogenic shock 
and stroke were 2.47 and 1.53 folds in the high 
SHR group, respectively, compared with the low 
SHR group. Yet, no statistically significant dif-
ference was observed for revascularization (OR 
0.88, 95% CI 0.77-1.01, p = 0.08), recurrent MI (OR 
1.27, 95% CI 0.69-2.33, p = 0.44), and left ventric-
ular end-diastolic diameter (LVEDD) (MD 0.61, 
95% CI [-1.65, 2.87], p = 0.60) between the two 
groups. Subgroup analyses identified that dif-
ferent study design was associated with het-
erogeneity about MACCEs and LVEF. Besides, 
studies from different countries were associat-
ed with heterogeneity about all-cause death.

CONCLUSIONS: Higher SHR significantly in-
creases the occurrence of MACCEs and all-
cause death and decreases LVEF. Moreover, 
Higher SHR means a higher risk of cardiogenic 
shock and stroke. Nevertheless, SHR had no re-
lationship with revascularization, recurrent MI, 
and LVEDD. As a novel and non-invasive mark-
er, SHR should be paid more attention to in clin-
ical practice. Future investigation should focus 
on the diagnostic value of SHR in CVD and the 
early control of stress hyperglycemia. Although 
no randomized, double-blind studies have been 
conducted, the available massive sample stud-
ies reflect the actual situation in the clinic and 
assist clinical decision-making.
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Introduction

There is no doubt that cardiovascular disease 
(CVD) is the leading cause of death1. Standard-
izing drug therapy and developing coronary 
interventional therapies have greatly reduced 
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CVD mortality rates2,3. Even so, metabolic dis-
orders are becoming more prevalent due to 
excess food consumption and unhealthy life-
styles4-6. Stress hyperglycemia (SH), a transient 
elevation of blood glucose, is a strong indicator 
of adverse health outcomes in CVD patients7,8. 
A decreasing level of insulin and increased 
levels of catecholamines, steroids, and glucagon 
caused by stress may cause stress hyperglyce-
mia, leading to oxidative stress and endothelial 
dysfunctions9. In this regard, critical glucose 
evaluations are more effective than chronic hy-
perglycemia status for predicting ST-segment 
elevation myocardial infarction (STEMI) prog-
noses. According to previous studies7,10, 20-50% 
of patients with STEMI present with stress 
hyperglycemia on admission. Using a ratio of 
glucose and glycosylated hemoglobin (HbA1c) 
at admission, Roberts et al11 developed the stress 
hyperglycemia ratio (SHR), which is an effec-
tive predictor of adverse events in patients with 
critical illnesses, according to the authors. Fur-
ther, The SHR has been found to have a supe-
rior predictive value over the arterial blood gas 
(ABG) in cases of acute myocardial infarction 
(AMI) in additional studies12,13. Besides, several 
studies14-16 have also shown that SHR can bet-
ter predict in-hospital morbidity and mortality 
than admission glucose in patients with AMI, 
particularly diabetic patients. However, it has 
not been well-validated in patients with AMI 
for predicting long-term survival12,17. Among 
non-diabetic patients, Kojima et al17 reported a 
positive correlation between SHR and long-term 
mortality, but not significantly so in the highest 
SHR quartile in diabetic patients. According to 
Singapore MI Registry data12, SHR was an inde-
pendent predictor of 1-year all-cause mortality 
for diabetics and non-diabetics with STEMI. 
Consequently, the association between SHR and 
clinical outcomes in patients with CVD is still 
unclear and controversial. In the current study, 
we analyzed the association of SHR and clinical 
outcomes in CVD patients by systematic review 
and meta-analysis.

Materials and Methods

We conducted the systematic review and me-
ta-analysis of the literature specific to the study of 
SHR in patients with CVD, according to the Pre-
ferred Reporting Items for Systematic Reviews 
and Meta-Analyses (PRISMA) guidelines (2020) 

and the Cochrane guidelines for systematic re-
views of interventions18,19. Studies were included 
when inclusion criteria were met. Moreover, we 
registered our study with PROSPERO (https://
www.crd.york.ac.uk/prospero/), and the identifier 
is CRD42022345587. The PRISMA 2020 check-
list is presented in Supplementary Table I.

Literature Search Strategy
We conducted a systematic literature search of 

PubMed, Embase, and Cochrane Library data-
bases. Two reviewers (Huang and Yin) compre-
hensively screened the electronic databases for 
the probable articles published from inception to 
the end of September 2022. Controlled vocabu-
lary (i.e., Mesh term and Emtree) and keywords 
were used. The details of the search strategy are 
listed in Supplementary Table II.

Inclusion and Exclusion Criteria
Two investigators (Huang and Yin) inde-

pendently estimated the studies and collected the 
comparative data. First, they selected all records 
by reading the title and abstract data. When stud-
ies were relevant, full texts were screened. We ex-
cluded all types of publications except for clinical 
trials and non-English studies. The investigators 
selected studies that met all the following crite-
ria: (1) types of publication: articles published 
in peer-reviewed medical journals; (2) types of 
participants: CVD patients with complete data. 
(3) types of comparison: relative low SHR vs. 
relative high SHR; we defined the low and high 
SHR groups based on our previous study20. (4) 
types of outcome measure: MACCEs, all-cause 
death, LVEF, and other exciting outcome data 
(cardiogenic shock, stroke, revascularization, re-
current MI, and LVEDD).

Data Extraction
The extracted data included information on the 

first author’s name, year of publication, country, 
study design, data sources, number of partici-
pants, age, rate of male, type of CVD, type of 
intervention, primary endpoints (MACCEs, all-
cause death, LVEF), secondary endpoints (car-
diogenic shock, stroke, revascularization, recur-
rent MI and LVEDD), clinical follow-up, and data 
on outcomes of interest.

Risk of Bias Assessment
The risk of bias for systematic reviews that in-

clude prospective and retrospective observational 
studies cannot be assessed with one tool. Hence, 

https://www.europeanreview.org/wp/wp-content/uploads/Supplementary-Table-I-22.pdf
https://www.europeanreview.org/wp/wp-content/uploads/Supplementary-Table-II-12.pdf
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we used a 10-item assessment system previously 
published for assessing bias risk (Supplementary 
Table III).

An evaluation system was developed to iden-
tify biases and completeness of the information. 
The first and second questions assessed selection 
bias, the third to fifth questions assessed report-
ing bias, the sixth question assessed attrition bias, 
and the seventh to tenth questions assessed the 
exposure. Mainly, those who answered positively, 
“yes,” were at lower risk of bias, whereas those 
who responded negatively, “no,” were at higher 
risk. Unclear or unknown risks are indicated by 
the term “unclear”.

Statistical Analysis
We calculated odds ratios (ORs) and their cor-

responding 95% confidence interval (CIs) of di-
chotomous variables and mean differences (MDs) 
and their corresponding 95% CIs of continuous 
variables when comparing the different endpoints 
of low SHR group and high SHR group among 
CVD patients. We estimated the mean and stan-
dard deviation by the sample size, median, range, 
and interquartile range if the parameters were 
expressed as median (interquartile). The optional 
estimating methods were from Luo et al21 and 
Wan et al22. The website is https://www.math.
hkbu.edu.hk/~tongt/papers/median2mean.html. 
Meta-analyses were performed using DerSimoni-
an and Laird random-effects model to analyze the 

clinical heterogeneity23. We conducted subgroup 
analyses to identify factors associated with strong 
heterogeneity. p < 0.05 was considered statistical-
ly significant. The heterogeneity between studies 
was estimated using the Cochrane Q test (p < 
0.1 or I2 > 50% was considered to represent sig-
nificant heterogeneity)24. All statistical analyses 
were conducted with Review Manager software 
v. 5.3.3 (Review Manager Web, The Cochrane 
collaboration, Copenhagen, Denmark).

Results

Result of Literature Search and 
Characteristics of Eligible Studies

A comprehensive literature search was per-
formed. A total of 144 records were identified. 
13 articles underwent a full-text evaluation, 4 of 
which were excluded (2 for inappropriate study 
design15,25, and 2 for insufficient data12,26), leaving 
nine studies16,17,27-33 in this systematic review and 
meta-analysis altogether. The screening process 
is available in a PRISMA flowchart (Figure 1). 
5 studies16,27,28,30,31 were multi- or single-center 
and retrospective. 4 studies17,29,32,33 were multi- or 
single-center and perspective. A total of 32,292 
CVD patients were included, containing 22,176 
patients in the low SHR group and 10,116 patients 
in the high SHR group. The systematic summary 
is summarized in Table I.

Figure 1. PRISMA flowchart 
of included studies.

https://www.europeanreview.org/wp/wp-content/uploads/Supplementary-Table-III-5.pdf
https://www.europeanreview.org/wp/wp-content/uploads/Supplementary-Table-III-5.pdf
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CAD: coronary artery disease; STEMI: ST-segment elevation myocardial infarction; AMI: acute myocardial infarction; ASTEMI: acute ST-segment elevation myocardial infarction; 
ACS: acute coronary syndrome; PCI: percutaneous coronary intervention; MACCEs: major adverse cardiovascular and cerebrovascular events; HF: heart failure; AKI: acute kidney 
injury; LVEF: left ventricular ejection fraction; LVEDD: left ventricular end-diastolic diameter.

Table I. The baseline characteristics of included studies.

				    Study	 Data		  Age	 Male	 Type of	 Type of	 Primary	 Follow-
	 Author	 Year	 Country	 design	 sources	 Participants	  (mean ± SD)	 (%)	 disease	 intervention	 endpoints	 up

Yang et al28	 2017	 Korea	 Retrospective	 Multi-center	 4,362	 63.13 ± 10.68	 65.57	 CAD	 PCI	 MACCEs	 2.5 y
			   observational 	 COACT 						      All-cause death	 (median)
				    registry							     

Kojima et al17	 2020	 Japan	 Prospective	 Multi-center	 6,287	 65.65 ± 2.64 	 77.25	 STEMI	 —	 All-cause death	 5 y
			   observational	 OACIS						      HF admission	
				    registry							     

Chen et al29	 2021	 China	 Retrospective	 Single-center	 341	 80.70 ± 4.10	 62.80	 AMI	 —	 MACCEs	 —
			   cohort							       All-cause death	
											         
Gao et al16	 2021	 China	 Retrospective	 Single-center	 1,215	 65.93 ± 12.13	 68.15	 AMI	 —	 AKI	
			   observational	  						      All-cause death	 —

Meng et al30	 2021	 China	 Prospective	 Multi-center	 127	 55.94 ± 11.14	 86.6	 ASTEMI	 PCI	 LVEF	 6 months
			   cohort	  						      Ltd	

Cui et al31	 2021	 China	 Prospective	 Multi-center	 6,892	 62.31 ± 12.37	 76.02	 AMI	 —	 MACCEs	 2 y
			   observational	 CAMI registry						      All-cause death	

Luo et al32	 2022	 China	 Retrospective	 Multi-center	 2,089	 65.70 ±12.40	 76.7	 AMI	 —	 All-cause death	 2.7 y
			   observational	 NOAFCAMI-SH							       (median)
				     registry							        

Xu et al33	 2022	 China	 Retrospective
			   observational	 Multi-center	 5,417	 64.99 ± 2.44	 69.71	 ASTEMI	 PCI	 MACCEs	 30 d
									         Thrombolytic	 All-cause death	
									         therapy		

Yang et al34	 2022	 China	 Prospective	 Single-center	 5,562	 58.01 ± 10.10	 76.7	 ACS	 Drug-eluting	 MACCEs	 2 y
			   observational						      stent	 All-cause
			   cohort							       death
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Heterogeneity, Subgroup Analyses, and 
Meta-Analysis of Different Outcomes

The aggregated results are presented in Table 
II. Our meta-analysis found that MACCEs in 
high SHR group was 1.68 folds compared with 
that in low SHR group (OR 1.68, 95% CI 1.41-
2.00, p < 0.00001) (Figure 2A). Besides, all-cause 
death in the high SHR group was 1.52 folds com-
pared with that in the low SHR group (OR 1.52, 
95% CI 1.15-2.01, p < 0.00001) (Figure 3A). High-
er SHR meant lower the LVEF (MD -2.03, 95% 
CI -3.28-0.79, p = 0.001) (Figure 4A). The risk 
of cardiogenic shock and stroke were 2.47 and 
1.53 folds in the high SHR group, respectively, 
compared with the low SHR group (Figure 5A-
B). Yet, no statistically significant difference was 
observed for LVEDD (MD 0.61, 95% CI -1.65, 
2.87, p = 0.60) (Figure 5C), revascularization (OR 
0.88, 95% CI 0.77-1.01, p = 0.08) (Figure 5D), and 
recurrent MI (OR 1.27, 95% CI 0.69-2.33, p = 
0.44) (Figure 5E). 

In the Subgroup analysis, we identified that 
different study design was associated with het-
erogeneity about MACCEs and LEVF (Figure 
2B, Figure 4B). Besides, studies16,29-34 from China 
were associated with heterogeneity about all-
cause death (Figure 3B). Three critical outcomes 
had substantial heterogeneity, and we analyzed 
the origin of heterogeneity. Substantial hetero-
geneity may be the studies’ diversity, the study 
design, or the parameter measurement tool.

Risk of Bias Assessment and 
Publication Bias Assessment

Based on the previous ROB assessment meth-
od, none of the analyzed studies fulfill the crite-
ria for low risk of bias, according to the defined 
four sections (selection bias, reporting bias, at-
trition bias, exposure). Seven studies16,17,28,29,31,33,34 
could be considered at low risk for selection bi-
as, as they consecutively enrolled patients and 
reported the reasons for excluding some patients 
from the study. All nine studies16,17,28-34 were 
considered at low risk for reporting and attrition 
bias. Details about the ROB evaluation are re-
ported in Supplementary Table IV. Publication 
bias assessment is presented in Supplementary 
Figure 1.

Discussion

SH is a common manifestation after stroke and 
AMI and strongly predicts adverse clinical out-
comes7,34-38. The evolvement of SH may be a com-
plicated interplay of acute physiological changes, 
including increased gluconeogenesis, activation 
of deleterious adrenergic, insulin resistance, and 
excessive counter-regulatory hormones, such as 
catecholamine, cortisol, and cytokines39,40. In 
turn, SH causes a vicious cycle and further in-
duces inflammatory cytokines increase, oxidative 
stress, endothelial dysfunction, thrombosis, and 

Table II. Heterogeneity, subgroup analyses, and meta-analysis of included studies.

					     Results

			   Studies,			   Heterogeneity
	               Items		  n	 OR (95% CI)	 p-value	 (I2, p for Cochran Q)

MACCEs	 Prospective	 2	 1.43 (1.30, 1.58)	 p < 0.00001	 I2 = 0%, p = 0.59
	 Retrospective	 3	 1.92 (1.57, 2.36)	 p < 0.00001	 I2 = 56%, p = 0.0008
	 Pooled	 5	 1.68 (1.41, 2.00)	 p < 0.00001	 I2 = 79%, p = 0.0008
All-cause death	 China	 6	 1.72 (1.14, 2.60)	 p = 0.010	 I2 = 94%, p < 0.00001 
	 Non-China	 2	 1.60 (1.38, 1.87)	 p < 0.00001	 I2 = 0%, p = 0.59
	 Pooled	 8	 1.67 (1.25, 2.23)	 p = 0.0005	 I2 = 91%, p < 0.00001 
	 Cardiogenic shock	 2	 2.47 (1.44, 4.23)	 p = 0.001	 I2 = 54%, p = 0.14
	 Stroke	 3	 1.53 (1.11, 2.12)	 p = 0.010	 I2 = 0, p = 0.52
	 Revascularization	 2	 0.88 (0.77, 1.01)	 p = 0.08	 I2 = 0, p = 0.92
	 Recurrent MI	 3	 1.27 (0.69, 2.33)	 p = 0.44	 I2 = 54%, p = 0.12

						      Heterogeneity
				    MD (95% CI)	 p-value	 (I2, p for Cochran Q)

LVEF	 Prospective	 4	 -2.27 (-3.83, -0.71)	 p = 0.004	 I2 = 98%, p < 0.00001 
	 Retrospective	 2	 -1.58 (-2.52, -0.63)	 p = 0.001	 I2 = 0%, p = 0.50
	 Pooled	 6	 -2.03 (-3.28, -0.79)	 p = 0.001	 I2 = 97%, p < 0.00001 
LVEDD		  2	 0.61 (-1.65, 2.87)	 p = 0.60	 I2 = 83%, p = 0.01

https://www.europeanreview.org/wp/wp-content/uploads/Supplementary-Table-IV-5.pdf
https://www.europeanreview.org/wp/wp-content/uploads/Supplementary-Figure-1-5.pdf
https://www.europeanreview.org/wp/wp-content/uploads/Supplementary-Figure-1-5.pdf
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ischemia-reperfusion injury, all of which could 
cause further cardiac damage41-44. As a result, 
higher SHR may reflect the severe changes in 
AMI patients about the inflammatory, and hemo-
dynamic status, particularly in those with severe 
complications such as cardiogenic shock or infec-
tion. Besides, acute fluctuations in glucose levels 
are associated with increased plaque instability, 
infarct size, and worse heart function45. Recent 
studies8,25 found that SH was strongly related to 
intracoronary thrombus burden and no-reflow 
phenomenon, which may explain the higher mor-
tality risk and cardiogenic shock in the high SHR 
group.

A study from Yang et al27 showed that SHR is 
a useful predictive marker of MACCE in non-di-
abetic patients with STEMI undergoing percuta-
neous coronary intervention (PCI). This non-in-

vasive parameter could be used to identify high-
risk patients for poor outcomes. Another study17 
demonstrated that high SHR was significantly 
associated with worse long-term prognosis in 
STEMI patients without diabetes mellitus. How-
ever, the association between SHR and long-term 
outcomes in non-diabetic patients with STEMI 
requires more prospective studies. Chen et al28 
showed that SHR is a simple and robust predictor 
of in-hospital outcomes in elderly, non-diabetic 
patients with AMI. Gao et al16 focused on dia-
betic patients and found that the SHR is a better 
predictor of in-hospital mortality and morbidity 
in AMI patients than admission glycemia. Meng 
et al29 initiated a new study about left ventricular 
remodeling, explaining that SHR is significantly 
associated with adverse left ventricular remodel-
ing after STEMI.

Figure 2. The MACCEs (A), subgroup analysis of MACCEs between higher SHR and lower SHR group (B).
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Nevertheless, future studies with large sample 
sizes are still warranted. A study conducted by 
Cui et al30 showed that no matter whether patients 
with or without diabetes, a strong positive asso-
ciation between SHR and long-term mortality in 
patients with AMI existed. In other words, SHR 
could be considered a valuable marker for risk 
stratification in these patients because it is widely 
available, non-invasive, and relatively inexpen-
sive29,30. Compared with the Global Registry of 
Acute Coronary Events (GRACE) score, The ac-
curacy of SHR for predicting long-term mortality 
is much higher, which indicates the potential of 
SHR as a biomarker for post-MI risk stratifica-
tion among diabetic patients31. In 2022, a massive 
sample and multi-center study32 including 7,476 
acute STEMI patients was performed by Xu et 

al32. Their findings showed that SHR is inde-
pendently related to the risks of MACCEs and 
mortality in patients with STEMI. Significantly, 
SHR may help improve the predictive efficacy of 
the thrombolysis in myocardial infarction (TIMI) 
risk score in diabetic patients with STEMI. 
Another study from China focused on patients 
with the acute coronary syndrome. They found 
U-shaped associations in MACCEs and J-shaped 
associations in in-hospital cardiac death and MI. 
All acute coronary syndrome (ACS) patients who 
underwent drug-eluting stent implantation under-
went a 2-year follow-up, and the cutoff value of 
SHR for poor prognosis was 0.7833.

Our meta-analysis has systematically reviewed 
the current studies that compared different SHRs 
in CVD patients with/without diabetes, and we 

Figure 3. The All-cause death (A), subgroup analysis of All-cause death between higher SHR and lower SHR group (B).
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obtained three significant findings. First, in pa-
tients with CVD, higher SHR indicated a higher 
rate of MACCEs and all-cause death. Higher 
SH meant lower LVEF, which reflects cardiac 
function. Second, high SHR was also related to 
cardiogenic shock and stroke, but the studies are 
limited. Third, the relationship between SHR and 
myocardial markers (CK, CK-MB, cTnI) is un-
clear, and relevant studies are warranted. Forth, 
only one study30 systematically investigated car-
diac function. Hence the correlative studies are 
urgent. By appraising SHR, earlier identification 
of the adverse results, such as deadly MI, is vital 
for the cardiologist.

Limitations
Our study has some limitations: first, all stud-

ies are mainly retrospective and prospective stud-
ies rather than randomized controlled trials, even 
though most of the studies are multi-center and 
massive samples; second, seven studies16,29-34 were 
from Chinese scholars, and only two studies17,28 

were from another country (Japan and Korea). 
Besides, no study from Occident was included. 
Hence, more studies from Occident and other 
races are required. Third, substantial heteroge-
neity may affect the robustness of our findings. 
Fourth, few studies focus on cardiac function 
parameters and myocardial markers. When PCI 
was performed, myocardial perfusion should be 
considered between the high SHR group and the 
low SHR group. Further studies should concen-
trate on these aspects. Despite these limitations, 
we believe that the preliminary findings of our 
meta-analysis may be helpful to clinicians in their 
choice of SH treatment for CVD patients.

Conclusions

Higher SHR significantly increases the occur-
rence of MACCEs and all-cause death and de-
creases LVEF, reflecting cardiac function. More-
over, Higher SHR means a higher risk of cardio-

Figure 4. The LVEF (A), Subgroup analysis of LVEF between higher SHR and lower SHR group (B).
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genic shock and stroke. Nevertheless, SHR had 
no relationship with revascularization, recurrent 
MI, and LVEDD. As a novel and non-invasive 
marker, SHR should be paid more attention to 
in clinical practice. Future investigation should 
focus on the diagnostic value of SHR in CVD 
and the early control of stress hyperglycemia. 
Although no randomized, double-blind studies 
have been conducted, the available massive sam-
ple studies reflect the actual situation in the clinic 
and assist clinical decision-making.
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