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Abstract 

Background: Patients with acute myocardial in-

farction (MI) frequently have elevated blood glu-

cose levels at the time of admission to the hospi-

tal. Admission hyperglycemia and relative hy-

perglycemia adversely impact cardiovascular 

outcomes among patients with MI. 

Objective: This study aimed to assess the stress 

hyperglycemia ratio (SHR) and its association 

with in-hospital complications and mortality 

among patients with ST-segment elevation myo-

cardial infarction (STEMI). 

Design and setting: A prospective study was con-

ducted in the Coronary Care Unit (CCU) be-

tween May 2019 and April 2020. 

Patients and participants: This study was con-

ducted among 152 patients hospitalized with 

STEMI in the CCU between May 2019 and April 

2020. Based on the SHR, patients were catego-

rized into three groups: Group 1 included 

SHR≤1.0, Group 2 included SHR 1.01 to 1.25, 

and Group 3 included SHR≥1.26. Patients en-

rolled were followed until discharge from the 

hospital or death. Outcome and in-hospital com-

plications were compared across the three 

groups. Stress hyperglycemia ratio and admis-

sion blood glucose (in mg/dl) cut-off predicting        

. 

the major adverse events (MAE) studied with the 

highest sensitivity and specificity was calculated 

using the receiver operating characteristic 

(ROC) curve. 

Results: Among 152 studied patients, the major-

ity were males (n=109, 71%). Seventy-four pa-

tients with SHR≥1.26 (Group 3) had significantly 

higher thrombolysis in myocardial infarction 

(TIMI) scores (p value<0.0001). One hundred 

thirty-nine patients survived; non-survivors 

were 13, with an observed mortality rate of 

8.5%. SHR among STEMI patients was signifi-

cantly associated with death, acute kidney injury 

requiring dialysis, and atrioventricular block (p 

value=0.043, p value=0.04, p value=0.037, re-

spectively). SHR cut-off of 1.36 had a sensitivity 

73.3% and specificity 73.8% in predicting MAE 

(AUC-0.8, p value=0.0005). Admission blood glu-

cose of 260 mg/dl had a sensitivity 66.4% and 

specificity 66.7% in predicting MAE (AUC-0.7, 

p value=0.0005). 

Conclusion: SHR is a good prognostic marker in 

predicting death and adverse cardiovascular 

outcomes among patients with acute MI. SHR 

had better predictive superiority than admission 

blood glucose in prognostication of major ad-

verse events among patients with STEMI. 
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Introduction 

Ischemic heart disease (IHD), also called coronary 
artery disease (CAD), is the leading cause of prem-

ature death worldwide, despite significant advances 

in managing CAD. (1) According to the World 
Health Organization (WHO), IHD was responsible 

for 8.1 million world deaths in 2013, and there has 

been a 42% increase in the number of IHD deaths 

since 1990. (2) Patients with diabetes mellitus have 
an early onset and increased risk of CAD compared 

to non-diabetic individuals. (3) CAD accounts for          

. 



 

230 Crit Care Shock 2022 Vol. 25 No. 5 

 

more than 80% of deaths among patients with dia-

betes. (4) Hyperglycemia in hospitalized patients 
with acute coronary syndrome (ACS) is a common 

occurrence, and it is associated with increased mor-

tality, yet it remains under-recognized as a risk fac-
tor. Stress hyperglycemia is a temporary rise in 

blood glucose levels in the absence of diabetes dur-

ing acute physiological stress. (5) In critically ill pa-

tients, this phenomenon may be observed, and the 
glucose levels are 140-300 mg/dl. (6) Hyperglyce-

mia and decreased glucose tolerance are common 

during acute myocardial infarction (MI). (5) Hyper-
glycemia seen at the onset of acute MI is closely re-

lated to ongoing stress mechanisms, which include 

the release of steroid hormones, adrenaline, and glu-

cagon, high levels of free fatty acids, and insulin re-
sistance. (7) As a result of mitochondrial and endo-

thelial damage, oxidative stress, and cardiac potas-

sium channel dysfunction, hyperglycemia nega-
tively affects the course of critically ill patients. 

(8,9) 

Stress hyperglycemia in hospitalized patients with 
acute MI increases the risk of major cardiovascular 

adverse events, regardless of revascularization strat-

egy like percutaneous coronary intervention (PCI). 

(10) Among patients with ST-segment elevation 
myocardial infarction (STEMI), regardless of dia-

betes status, an elevated blood glucose level on ad-

mission is an indicator of in-hospital and long-term 
adverse outcomes. Compared with patients with 

normoglycemia, hyperglycemia was associated 

with a greater area of infarct size. (11-14) Among 
acute MI patients with diabetes, those with blood 

glucose on admission more than or equal to 180 

mg/dl have a 70% relative increase in the risk of in-

hospital death compared to patients with diabetes 
and euglycemia. Previous research considered 

blood glucose at admission (ABG) as the predictor 

of stress hyperglycemia. (15-18) However, both 
acute and chronic glycemic levels may influence ad-

mission blood glucose levels, and hence blood glu-

cose on admission alone may not be accurate in 

identifying actual hyperglycemia. A novel index of 
stress hyperglycemia ratio (SHR), also known as 

acute-to-chronic glycemia ratio or relative hyper-

glycemia, has been suggested. (19) Studies indicate 
that among acutely ill patients, stress hyperglycemia 

ratio (ratio of admission blood glucose to estimated 

chronic glycemia derived from glycated hemoglo-
bin, HbA1c) is found to be a better marker of prog-

nosis than the absolute rise in glucose during MI. 

This ratio has been shown to be an effective tool for 

predicting prognosis, particularly among diabetic 
patients with MI. (10) Studies on the prognostic sig-

nificance of stress hyperglycemia ratio in predicting  

outcomes among patients with STEMI are limited, 

particularly in Asian countries. 
 

Objectives 

1. This study aimed to assess the SHR and its as-
sociation with in-hospital complications and 

mortality among patients with STEMI. 

2. The prognostic superiority of SHR compared to 

admission hyperglycemia in predicting major 
adverse events (MAE) was studied. 

 

Material and methods 
This prospective observational study was conducted 

in a tertiary care teaching hospital in South India be-

tween May 2019 and April 2020. Study participants 

were enrolled in the Coronary Care Unit (CCU). Pa-
tients aged more than 18 years who were admitted 

to CCU with a diagnosis of STEMI were included 

in this study. 
Exclusion criteria included (i) patients developing 

STEMI as a complication of elective percutaneous 

coronary intervention (PCI), (ii) patients with non-
ST-segment elevation myocardial infarction 

(NSTEMI) or unstable angina, (iii) those who have 

hemoglobinopathy, polycythemia, and anemia, (iv) 

chronic kidney disease (CKD), (v) systemic infec-
tions, and (vi) history of cerebrovascular accident 

(CVA) in the past. 

The study was approved by Institutional Ethics 
Committee (1629/IEC/2019). Informed consent was 

obtained before enrollment from all the study pa-

tients. Consecutive patients admitted to the CCU 
with the diagnosis of STEMI were enrolled in the 

study. A total of 152 patients satisfying inclusion 

and exclusion criteria were included in the study. A 

structured proforma was used to collect all relevant 
data. 

 

Laboratory, anthropometric, and clinical data col-
lection 

Age, sex, height in centimeters, weight in kilo-

grams, body mass index (BMI, kg/m2), duration of 

diabetes, blood glucose values at admission (mg/dl), 
glycosylated hemoglobin (HbA1c, %), and serum 

creatinine were noted. Blood samples were taken at 

admission in a standard vacuum potassium ethylene 
diamine tetraacetate tube for measuring admission 

blood glucose levels (mg/dl) and HbA1c. 

Average chronic glucose levels were estimated ac-
cording to the formula: Estimated chronic glucose 

levels (mg/dl) = 28.7× HbA1c (%) - 46.7. 

Admission hyperglycemia was defined as a blood 

glucose level greater than or equal to 198 mg/dl. 
(20) The SHR was calculated by dividing admission 

blood glucose (mg/dl) with estimated average blood  
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glucose levels (mg/dl) derived from glycosylated 

hemoglobin. SHR was calculated for all patients in-
cluded in the study. Patients were categorized into 

three groups based on SHR. Group 1 included pa-

tients with SHR ≤1.0, Group 2 included patients 
with SHR from 1.01 to 1.25, and Group 3 included 

patients with SHR≥1.26. We arrived at the ratio 

based on earlier work done by Marenzi G et al. in 

patients with acute myocardial infarction. (20) 
Thrombolysis in myocardial infarction (TIMI) score 

on admission and an echocardiogram to assess left 

ventricular ejection fraction (LVEF) were done for 
all patients. 

Outcomes studied were death and in-hospital com-

plications, which include acute pulmonary edema, 

cardiogenic shock, atrioventricular (AV) block, 
ventricular tachycardia (VT)/ventricular fibrillation 

(VF), atrial fibrillation (AF), mechanical ventila-

tion, and acute kidney injury (AKI) requiring dialy-
sis. Death and in-hospital complications were com-

pared across patients in three groups of stress hyper-

glycemia ratio. MAE was defined as acute pulmo-
nary edema, cardiogenic shock, need for mechani-

cal ventilation, and arrhythmias, including VT, VF, 

and AF. SHR and admission blood glucose cut-off 

predicting the MAE studied with the highest sensi-
tivity and specificity was calculated using the 

receiver operating characteristic (ROC) curve. 

 
Statistical analysis 

The results were analyzed statistically by SPSS soft-

ware version 23.0. In the descriptive statistics fre-
quency analysis, categorical variables were de-

scribed as percentages, and continuous variables 

were expressed as mean ± standard deviation. Anal-

ysis of variance (ANOVA) and Tukey's posthoc 
multiple comparison tests were used to find the sig-

nificant difference between the groups. The chi-

square test was used to find the significance of cat-
egorical data. The level of probability <0.05 was 

considered to be statistically significant. 

 

Results 

In this prospective observational study, a total of 

152 patients were enrolled. The majority were be-

tween 51 to 70 years of age (n=60, 59%), with males 
being predominant (n=109, 71%). The most com-

monly observed comorbid illness was diabetes 

(n=116, 76%), followed by hyperlipidemia (n=79, 
52%). Diabetes was newly diagnosed in 56.8% 

(n=66) of study patients. Based on the SHR, the pa-

tients in the study were categorized into three 

groups. The first group included patients with SHR 
ratio ≤1.0 (n=30), the second group included pa-

tients with SHR from 1.01 to 1.25 (n=48), and the       

. 

third group represented patients with SHR ≥1.26 

(n=74). Table 1 shows the baseline characteristics 
of the study patients. The risk of having a high SHR 

ratio among patients with STEMI was significantly 

associated with admission blood glucose, and the 
presence of hyperlipidemia (p value<0.0001, p 

value=0.05, respectively). Patients with SHR≥1.26 

had significantly higher TIMI scores (p 

value<0.0001). The presence of diabetes had a sig-
nificant association with admission blood glucose 

and TIMI score (p value<0.0005, p value=0.05, re-

spectively). Among patients with diabetes, the mean 
TIMI score was higher (7.4±2.4) than in those with-

out diabetes (6.6±2.1). Table 2 compares admission 

blood glucose, SHR, and TIMI scores among dia-

betics and non-diabetics among study participants. 
Most of the diabetic patients had high SHR (>1.26) 

(51.7%, n= 60). Non-diabetic patients were equally 

distributed across the three groups, 39% (n=14) 
each in the second and the third groups and 22% 

(n=8) in the first group. 

In our study, 139 patients survived (91.4%) and 13 
died, with a mortality rate of 8.5%. Most patients 

who died were in the third group with higher SHR 

(n=10). The stress hyperglycemia ratio was signifi-

cantly associated with death among patients with 
STEMI (p value=0.043). The cumulative number of 

events observed for in-hospital complications 

among study patients was 63 (acute pulmonary 
edema, cardiogenic shock, VT/VF, AF, AV block, 

need for mechanical ventilation, and AKI requiring 

dialysis). The most frequently observed complica-
tions were AKI requiring dialysis (n=27), followed 

by cardiogenic shock (n=13). Patients with SHR of 

1.26 to 2.50 had a maximum number of events re-

ported as in-hospital complications (49 out of 63 ob-
served in-hospital complications). Among the in-

hospital complications studied, AKI requiring dial-

ysis and AV block were significantly associated 
with SHR (p value=0.04, p value=0.037, respec-

tively). Table 3 compares death and in-hospital 

complications among study patients in three groups 

of SHR. The mean length of stay in the CCU had a 
significant association with SHR (p value<0.0001). 

Using ROC curve analysis, sensitivity and specific-

ity in predicting MAE (composite of pre-specified 
major adverse events which include cardiogenic 

shock, acute pulmonary edema, need for MV, ar-

rhythmias) were calculated for SHR and admission 
blood glucose (mg/dl) (Figure 1). SHR cut-off of 

1.36 had a sensitivity of 73.3% and specificity of 

73.8% in predicting MAE (area under curve 

[AUC]=0.8, p value=0.0005). Admission blood glu-
cose cut-off of 260 mg/dl had sensitivity of 66.4% 

and specificity of 66.7% in predicting MAE (AUC= 
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0.71, p value=0.0005). In our study, 96 patients 

(63%) had SHR≤1.36, and 56 patients (37%) had 
SHR>1.36. Since SHR of more than 1.36 was a bet-

ter predictor of outcome in our study, outcomes, 

which included death, cardiogenic shock, and acute 
pulmonary edema, were compared between the two 

groups (patients with SHR≤1.36 and patients with 

SHR>1.36) as shown in Table 4. Most non-survi-

vors had SHR>1.36 (9 out of 12). SHR of more than 
1.36 had a significant association with death among 

patients with STEMI (p value=0.009). 

In our study, five patients (5.2%) with SHR<1.36 
and eight patients (14.3%) with SHR>1.36 had 

cardiogenic shock. Similarly, only one patient with 

SHR<1.36 developed acute pulmonary edema, 

whereas four patients (7%) with SHR>1.36 had 
acute pulmonary edema. Among 91 patients with 

admission hyperglycemia, cardiogenic shock was 

observed in 9 (10%) and acute pulmonary edema in 
5 (5.5%). Cardiogenic shock and acute pulmonary 

edema were not significantly associated with 

admission hyperglycemia in our study (Table 5). 
 

Discussion 

Our study aimed to observe the prognostic signifi-

cance of SHR with adverse outcomes among hospi-
talized patients with STEMI. Despite major ad-

vances in treatment strategy, impaired glucose me-

tabolism continues to significantly impact morbid-
ity and mortality rates in cardiovascular diseases 

globally over the past few decades. (21) In our 

study, we observed that both SHR above 1.36 and 
admission hyperglycemia (>198 mg/dl) had a sig-

nificant association with MAE. Regardless of dia-

betes status, an elevated plasma glucose level on ad-

mission is a prognostic indicator of in-hospital and 
long-term adverse outcomes in patients with 

STEMI. (22) Shahid M et al. observed a higher mor-

tality rate among hyperglycaemic STEMI patients 
than euglycemic STEMI patients. (23) Studies have 

shown that hyperglycemia is associated with a pro-

thrombotic state. (24) Acute hyperglycemia causes 

platelet aggregation, a decrease in the half-life of fi-
brinogen, and increased levels of fibrinopeptide A, 

prothrombin fragments, and factor VII levels. 

(25,26) Acute hyperglycemia is associated with in-
creased markers of vascular inflammation like C-re-

active protein and interleukin-6. (24,27,28) Follow-

ing primary percutaneous intervention (PCI) in pa-
tients with STEMI, reinfarction and bleeding are at-

tributed to hyperglycemia. (29) Foo et al. showed a 

near-linear relationship between higher admission 

blood glucose levels and higher rates of left ventric-
ular failure and cardiac death among patients with 

ACS. (30) In hyperglycemic MI patients, irrespec-           

. 

tive of diabetic status, Meier et al. showed higher 

long-term mortality rates and greater infarct size 
(measured by creatine kinase-MB fraction levels). 

(31) Stranders et al. observed admission hypergly-

cemia as a significant risk factor for adverse out-
comes among non-diabetic patients with MI. (32) 

Hyperglycaemia's impact on adverse outcomes 

among MI patients does not depend on revasculari-

zation strategy, and it’s prudent to achieve good gly-
caemic control among patients with acute MI to 

have a lesser risk of poor cardiovascular outcomes. 

We observed SHR as a relatively better prognostic 
marker than admission hyperglycemia in predicting 

major adverse events among STEMI patients.  

SHR>1.36 had greater sensitivity and specificity 

than admission hyperglycemia in predicting in-hos-
pital complications among patients with STEMI. 

Marenzi G. et al. showed that acute-to-chronic gly-

cemic ratio >1.3 had a best prognostic power than 
admission hyperglycemia alone in predicting mor-

tality and in-hospital complications among patients 

with acute MI. (20) Patients with diabetes had an 
increased incidence of in-hospital complications in 

our study. Korzh O. et al. observed diabetes as an 

independent predictor of rehospitalization due to a 

major adverse cardiovascular event among patients 
who had a myocardial infarction. (33) Yang et al. 

showed that relative hyperglycemia reliably pre-

dicted MACCE (major adverse cardiac and cerebro-
vascular events) in patients who underwent PCI to 

treat CAD. (34) Timmer et al. demonstrated a posi-

tive correlation between the admission hyperglyce-
mia in STEMI patients and infarct size. (35) Admis-

sion hyperglycemia has been shown to be a better 

predictor of poor prognosis, particularly among pa-

tients without diabetes. (36-38) 
TIMI score had a significant association with SHR 

in our study, and the observed score was higher 

among patients with diabetes. Ayhan H. et al. ob-
served a positive correlation between TIMI score 

and admission blood glucose. (39) Though 

SHR>1.36 was a good predictor of composite of 

pre-specified major adverse events in our study, sec-
ondary subgroup analyses (SHR<1.36 vs 

SHR>1.36) did not have a significant association 

with cardiogenic shock and acute pulmonary 
edema. In contrast, Marenzi G. et al. showed that an 

acute-to-chronic glycemia ratio >1.3 was a powerful 

predictor of primary endpoints, including death, 
cardiogenic shock, and acute pulmonary edema. 

This might be due to the exclusion of patients who 

had NSTEMI and the small sample size in our study. 

The limitations of our study were the small sample 
size, and we did not include all the patients with 

acute coronary syndrome. A multicentric prospec-      
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tive study with a larger sample size in the future re-

mains a possible area of research. 
 

Conclusion 

SHR is a good prognostic marker in predicting mor-
tality and major adverse cardiovascular outcomes 

among patients with acute MI. SHR had better pre-

dictive superiority in terms of sensitivity and speci-

ficity than admission blood glucose in prognosticat-
ing major adverse events among patients with               

. 

STEMI. 
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Table 1. Baseline characteristics of the study population 

 

Variable Group 1 

(n=30) 

Group 2 

(n=48) 

Group 3 

(n=74) 

p value 

Age (years) 54±12 58±14 58±13 - 

Male sex, n 19 37 53 - 

Female sex, n 11 11 21 - 

BMI (kg/m2) 24±2 24±2 24±2 0.924 

Body weight (kg) 67.1±6.0 67.2±5.2 68.1±5.3 0.575 

Height (cm) 166.8±5.5 166.8±4.8 167.5±5.2 0.726 

Diabetes, n (%) 22 (73) 34 (71) 60 (81) 0.392 

Hypertension, n (%) 9 (30) 20 (42) 37 (50) 0.360 

Smokers, n (%) 3 (10) 8 (16.7) 13 (17.6) 0.619 

Hyperlipidemia, n (%) 10 (33) 25 (52) 44 (59) 0.05 

Left ventricular EF (%) 45±10 44±11 39±15 0.066 

TIMI risk score 6.3±1.8 5.9±1.5 8.4±2.4 <0.0001 

Blood glucose (mg/dl) 159.2±73.8 206.1±78.0 306.2±117.4 <0.0001 

HbA1c (%) 8.37±3.28 8.11±2.38 8.2±2.34 0.909 

Serum creatinine (mg/dl) 0.9±0.4 0.9±0.5 1.1±0.7 0.096 

eGFR (ml/min/1.73 m2) 89±27 90±24 80±28 0.083 

Hemoglobin (g/dl) 14.3±1.5 14.5±1.4 14.1±1.3 0.371 

 

Legend: BMI=body mass index; EF=ejection fraction; TIMI=thrombolysis in myocardial infarction; 

eGFR=estimated glomerular filtration rate. All data are in mean±SD unless otherwise noted. 
 

 

Table 2. Comparison of admission blood glucose, SHR, and TIMI among patients with diabetes and without 

diabetes 
 

Parameter With diabetes 

(n=116) 

Without diabetes 

(n=36) 

p value 

Admission hyperglycemia, n (%) 
- Absent (<198 mg/dl) 

- Present (≥198 mg/dl) 

 
28 (24.1%) 

88 (75.9%)  

 
33 (91.7%) 

3 (8.3%) 

 
0.0005 

Stress hyperglycemia ratio, n (%) 
- ≤1.00 

- 1.01 to 1.25 

- ≥1.26 

 
22 (19%) 

34 (29.3%) 

60 (51.7%) 

 
8 (22.2%) 

14 (38.9%) 

14 (38.9%) 

 
0.392 

TIMI score, mean±SD 7.4±2.4 6.6±2.1 0.05 

 

Legend: SHR=stress hyperglycemia ratio; TIMI=thrombolysis in myocardial infarction; SD=standard 
deviation. 
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Table 3. Association of stress hyperglycemia ratio with in-hospital complications observed in three groups of 

patients 
 

Outcome  Group 1 

(n=30) 

Group 2 

(n=48) 

Group 3 

(n=74) 

p value 

Death, n (%) 1 (3) 2 (2) 10 (14) 0.043 

Acute pulmonary edema, n (%) 0 1 (2) 4 (5) 0.320 

Cardiogenic shock, n (%) 2 (7) 1 (2) 10 (14) 0.081 

Mechanical ventilation, n (%) 0 0 2 (3) 0.344 

Atrial fibrillation, n (%) 1 (3) 0 4 (5) 0.379 

VT/VF, n (%) 1 (3) 0 4 (5) 0.263 

AV block, n (%) 0 0 6 (8) 0.037 

AKI requiring dialysis, n (%) 3 (10) 5 (10) 19 (26) 0.045 

CCU length of stay (days), mean±SD 1±0 2±1 4±2 <0.0001 

 
Legend: VT/VF=ventricular tachycardia/ventricular fibrillation; AV=atrioventricular; AKI=acute kidney 

injury; CCU=Coronary Care Unit; SD=standard deviation. 

 

 
Table 4. Association of SHR with the outcome 

 

Outcome SHR≤1.36 (n=96) SHR>1.36 (n=56) p value 

- Survivors (n=140), n (%) 
- Non-survivors (n=12) , n (%) 

93 (96.9) 
3 (3.1) 

47 (83.9) 
9 (16.1) 

0.009 

Cardiogenic shock 

- Present (n=13), n (%) 

- Absent (n=139), n (%) 

 

5 (5.2) 

91 (94.8) 

 

8 (14.3) 

48 (85.7) 

 

0.054 

Acute pulmonary edema 

- Present (n=5), n (%) 

- Absent (n=147), n (%) 

 

1 (1) 

95 (99) 

 

4 (7) 

52 (93) 

 

0.062 

 
Legend: SHR=stress hyperglycemia ratio. 

 

 

Table 5. Association of admission hyperglycemia with in-hospital complications, which includes cardiogenic 
shock and acute pulmonary edema 

 

Outcome Admission blood glucose 
<198 mg/dl 

(n=61) 

Admission blood glucose ≥ 
198 mg/dl 

(n=91) 

p value 

Cardiogenic shock, n (%) 

- Present (n=13) 
- Absent (n=139) 

 

4 (6.6) 
57 (93.4) 

 

9 (10) 
82 (90) 

 

0.564 

Acute pulmonary edema, n (%) 

- Present (n=5) 

- Absent (n=147) 

 

0 (0) 

61 (100) 

 

5 (5.5) 

86 (94.5) 

 

0.083 
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Figure 1. ROC curve analysis for variables admission blood glucose (in mg/dl) and SHR in predicting the 

outcome 
 

 

 
 

 

 

 
 

 

 
 

 

 

 
 

 

 
 

 

 
 

 

 

 
 

 

 
 

Legend: ROC=receiver operating characteristic; SHR=stress hyperglycemia ratio. 

Admission blood glucose: Cut-off 260 mg/dl, AUC 0.71, sensitivity 66.4%, specificity 66.7%, p value 0.0005. 
SHR: Cut-off 1.36, AUC 0.8, sensitivity 73.3%, specificity 73.8%, p value 0.0005. 
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