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ABSTRACT
Objective  The aim in this study was to stratify maximum 
blood glucose levels to identify the the best cut-off value 
of glucose levels to predict mortality in acute coronary 
syndrome (ACS) patients, regardless of whether they had 
diabetes.
Design  A retrospective cohort study.
Setting  All clinical data were obtained from the ‘Medical 
Information Mart for Intensive Care III’ database.
Participants  A total of 3078 patients with ACS were 
included in the study. We divided the patients into four 
levels based on their maximum blood glucose levels 
(glucose

max), then analysed the relationship between each 
group with mortality.
Results  Among enrolled patients, 2780 and 298 were 
survivors and non-survivors, respectively. Blood glucose 
levels and mortality showed a ‘tick’ type relationship, 
with levels 3 and 4 found to be closely associated with 
increased hospital mortality (p<0.05), relative to level 1 
(<6.1 mmol/L), used as the reference group. No significant 
association was observed in mortality between level 2 and 
level 1 (p=0.095). In addition, we found a gradual increase 
in OR for level 2 (OR: 2.42, 95% CI 0.86 to 6.80, p=0.095), 
level 3 (OR: 4.33, 95% CI 1.55 to 12.13, p=0.005) and level 
4 (OR: 7.27, 95% CI 2.56 to 20.62, p<0.001), relative to 
level 1. Based on receiver operating characteristic curves, 
the optimal cut-off value for predicting mortality were 
11.5 (area under curve (AUC)=0.724), 11.2 (AUC=0.729), 
13.4 (AUC=0.638), 15.8 (AUC=0.717) and 11.3 mmol/L 
(AUC=0.764) in all ACS, acute myocardial infarction, 
unstable angina, diabetes and non-diabetes patients, 
respectively. The results of subgroup analysis suggested 
that in patients with significantly elevated blood glucose, 
the mortality of non-diabetes was higher than patients 
with diabetes (OR: 0.42, 95% CI 0.31 to 0.57, p<0.001).
Conclusion  Overall, glucose

max ≥11.5 mmol/L had a 
significant association with increased mortality in patients 
with ACS. Non-diabetes ACS patients need a more robust 
blood glucose management strategy compared with 
diabetes counterparts.

INTRODUCTION
Acute coronary syndrome (ACS) is mainly 
caused by coronary artery disease occlusion 
and can range from unstable angina (UA) to 
ST segment elevation myocardial infarction.1 

Patients with ACS commonly exhibit hyper-
glycaemia, although the relationship between 
these conditions is complex. Numerous 
studies have demonstrated occurrence of 
hyperglycaemia in critically ill patients, irre-
spective of whether they have diabetes.2–4 A 
previous study, analysing patients with acute 
coronary heart disease, found that 58% of 
them exhibited impaired glucose regulation, 
compared with 51% in the stable patients.5 
The adverse effects of hyperglycaemia in 
ACS have been widely studied.6–8 In addition, 
several studies have confirmed that hyper-
glycaemia is an independent factor for ACS 
prognosis, although the mechanism between 
elevated blood glucose levels and poor ACS 
prognosis remains unclear.9 10 For example, 
Foo et al11 stratified the relationship between 
blood glucose and cardiogenic death based 
on admission blood glucose levels but did 
not determine a blood glucose threshold 
for predicting hospital mortality. Further-
more, the optimal glucose cut-off value for 
predicting mortality in patients with ACS is 
also controversial, with some studies reporting 
a 2.2-fold increase in risk of shock when the 
admission blood glucose was higher than 11.5 
mmol/L.12 For non-ST-segment elevation 
myocardial infarction patients, 8.2 mmol/L 

Strengths and limitations of this study

►► All data were extracted from a public open-access 
database.

►► Subgroup analysis based on the disease contribute 
to dissect the influencing factor.

►► The best cut-off value of blood glucose to predict 
mortality was identified to the disease subgroup.

►► The maximum blood glucose might be influenced 
by several factors that may cause a deviation in the 
conclusion.

►► Due to the retrospective design of the study, causal-
ity cannot be inferred from the results.
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was previously shown to be the optimal admission glucose 
cut-off value for predicting outcomes.13 However, no 
study has reported the optimal cut-off value for maximum 
blood glucose to predict adverse outcomes, despite its 
potential in predicting prognosis.

The relationship between blood glucose levels and 
mortality in patients with ACS also remains unclear. 
Previous studies have shown that acute or stress hyper-
glycaemia may promote and exacerbate the outcomes of 
cell damage caused by myocardial ischaemia in patients 
with ACS.14 Furthermore, hyperglycaemia-induced oxida-
tive stress may activate platelet-related signalling path-
ways, leading to platelet aggregation and formation of 
atherosclerotic plaque.15 Nevertheless, the evidence on 
maximum blood glucose levels and mortality remains to 
be validated. Our study sought to evaluate the potential 
for levels of blood glucose as an important prognostic 
factor for mortality in patients with ACS, regardless of 
whether they had diabetes. Specifically, maximum blood 
glucose levels were analysed in patients to ascertain the 
optimal cut-off value for predicting hospital mortality. 
We also performed subgroup analysis based on the type 
of ACS and whether patients had diabetes to identify 
the relationship between different disease states and 
mortality.

MATERIAL AND METHODS
Data access
All patient data were downloaded from the Medical Infor-
mation Mart for Intensive Care III database V.1.4.16 The 
database comprises comprehensive clinical information 
of inpatients at the Beth Israel Deaconess Medical Center 
(BIDMC) in Boston, Massachusetts from 1 June 2001 to 
31 October 2012. The use of this database was approved 
by the BIDMC Institutional Review Board; therefore, 
we did not require an ethical approval statement and 
informed consent for this study. Since any researcher 
who has completed the ‘Protecting of Human Subjects’ 
training can access the database, our data extraction 
processes were performed by JQ, following completion of 
the National Institutes of Health online training course 
(certificate code: 32299459).

Study population
We first screened 3221 patients with ACS and included all 
patients admitted with ACS. We excluded 143 patients, 
due to repeated admissions and missing data, as well as 
pregnant women and patients younger than 18 years 
old. Finally, a total of 3078 patients, including 2011 
patients with acute myocardial infarction (AMI) and 1067 
patients with UA were enrolled in the study. Information 
extracted from the database included age, sex, comorbid-
ities, medications used and laboratory tests performed on 
admission, Sequential Organ Failure Assessment (SOFA) 
score, detailed records of blood glucose during hospital-
isation, hospital and intensive care unit (ICU) mortality, 
as well as hospital and ICU length of stay (LOS). The 

blood glucose of each patient was measured three to four 
times during hospitalisation. The first blood glucose at 
admission was defined as the initial blood glucose, and 
the maximum blood glucose was selected as the research 
object of this article. Initial and maximum serum glucose 
levels were denoted as glucose0 and glucosemax, respec-
tively. Thereafter, max blood glucose was divided into 
the following groups based on clinical experience: level 1 
(<6.1 mmol/L), level 2 (6.1–11.1 mmol/L), level 3 (11.1–
16.6 mmol/L) and level 4 (≥16.6 mmol/L), with level 1 
used as reference group.

Outcomes and definitions
The primary outcome was defined as hospital mortality, 
whereas other outcomes were defined as ICU mortality, 
hospital and ICU LOS, as well as acute kidney injury. Data 
for the first ICU stay alone was extracted, whereas acute 
kidney injury was defined as serum creatinine levels that 
were 1.5 times higher than the baseline.17

Statistical analysis
Statistical analyses were performed using Stata V.13.1 
and SPSS V.23.0 software. Specifically, continuous vari-
ables were expressed as means±SD, with Student’s t-test, 
Wilcoxon rank-sum or Kruskal-Wallis tests used accord-
ingly. However, categorical variables were presented as 
percentages, then comparisons made using the χ2 or Fish-
er’s exact tests. In addition, the lowess smoothing algo-
rithm was used to show the rough relationship between 
blood glucose and mortality. Due to the large number 
of variables in this study, we first used univariate logistic 
regression for initial screening of influencing factors, 
then selected resulting variables with p<0.05 for multivar-
iate logistic regression, with level 1 of the blood glucose 
used as the reference group. The forward likelihood 
method and p<0.05 were used to build the final regres-
sion model. In addition, receiver operating character-
istic (ROC) curves were used to predict mortality during 
hospitalisation across different disease groups and also 
determine the cut-off value. Significance level was set at 
0.05 level, and all analyses were two sided.

Patient and public involvement
No patient was involved in any part of this study.

RESULTS
Among the 3078 patients with ACS included in the study, 
2780 and 298 were survivors and non-survivors, respec-
tively, with a hospital mortality of 9.8%. A summary of 
baseline characteristics for the study cohort is outlined in 
table  1. All demographic characteristics revealed signif-
icant differences between survivors and non-survivors, 
except in prior myocardial infarction, diabetes, chronic 
obstructive pulmonary disease and cerebral infarc-
tion. In addition, significantly lower (p<0.05) glucose0, 
glucosemax and glucosemin were recorded in survivors 
at 8.2±3.8, 10.9±5.0 and 5.1±1.4 mmol/L, respectively, 
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than non-survivors who recorded 11.3±6.3, 15.6±7.5 and 
6.0±3.6 mmol/L, respectively. We also divided patients 
with ACS into AMI group and UA group, and diabetes 
group and non-diabetes group, and analysed baseline 
characteristics of two groups, respectively (online supple-
mental tables 1 and 2). We found that the mortality of 

AMI was significantly higher than patients with UA, as 
well as the blood glucose levels (all p<0.001). However, 
although the blood glucose level of the diabetes group was 
significantly higher than non-diabetes group (p<0.001), 
there was no difference in mortality between two groups 
(p=0.528).

Analysis of data from ACS patients with or without 
diabetes revealed a rough relationship between serum 
glucosemax and hospital mortality across different 
diseases (figure 1). Generally, the relationship was ‘tick’ 
shaped (figure 1A, B, D and E), except in the UA group 
(figure  1C). A summary of the relationship between 
glucosemax categories and end points is provided in table 2. 
Particularly, patients with elevated glucosemax levels had 
significantly higher rates of unadjusted hospital and ICU 
mortality (p<0.001). In addition, high glucosemax levels 
were associated with longer hospital and ICU LOS, as well 
as acute kidney injury (all p<0.001).

Results from univariate and multivariate logistic regres-
sion analyses used to predict mortality are outlined in 
table 3. Summarily, the univariate logistic model revealed 
that age, male, AMI, hypertension, heart failure, hyperlip-
idaemia, atrial fibrillation, aspirin, ACE inhibitor (ACEI), 
β blocker, clopidogrel, diuretic, statin, insulin, oral hypo-
glycaemic agents, white cell count (WCC), haemoglobin, 
creatinine, SOFA score and glucosemax categories were all 
predictors of hospital mortality. After adjusting for covari-
ates, multivariate logistic regression results showed that 
age, AMI, atrial fibrillation, ACEI, β blocker, statin, oral 
hypoglycaemic agents, WCC, SOFA scores and glucosemax 
were all independent predictors of hospital mortality. 
Analysis of the relationship between glucosemax categories 
and mortality revealed that level 3 and level 4 were both 
associated with increased hospital mortality (p<0.05), 
relative to level 1 (<6.1 mmol/L) set as the reference 
group. However, we found no significant difference in 
mortality between level 2 and level 1 (p=0.095). We also 
found a gradual increase in OR for level 2 (OR: 2.42, 
95% CI 0.86 to 6.80, p=0.095), level 3 (OR: 4.33, 95% CI 
1.55 to 12.13, p=0.005) and level 4 (OR: 7.27, 95% CI 2.56 
to 20.62, p<0.001) relative to level 1.

Finally, we used ROC curves to assess the predictive 
utility of glucosemax in hospital mortality and determine 
the optimal cut-off value. Results indicated that optimal 

Table 1  Baseline characteristics of demographics between 
survivors and non–survivors

Variable
Survivors 
(n=2780)

Non-
survivors 
(n=298) P value

Age (years) 67±13 74±13 <0.001

Male, n (%) 1870 (67.3) 163 (54.7) <0.001

ACS categories, n (%) <0.001

 � AMI 1733 (62.3) 278 (93.3)

 � UA 1047 (37.7) 20 (6.7)

Comorbidities, n (%)

 � Prior MI 271 (9.7) 25 (8.4) 0.535

 � Hypertension 1535 (55.2) 126 (42.3) <0.001

 � Diabetes 842 (30.3) 85 (28.5) 0.550

 � Heart failure 886 (31.9) 146 (49.0) <0.001

 � Hyperlipidaemia 768 (27.6) 54 (18.1) <0.001

 � COPD 32 (1.2) 5 (1.7) 0.398

 � Atrial fibrillation 712 (25.6) 113 (37.9) <0.001

 � Cerebral infarction 90 (3.2) 15 (5.0) 0.127

Admission drugs, n (%)

 � Aspirin 1438 (51.7) 100 (33.6) <0.001

 � ACE inhibitor 1217 (43.8) 48 (16.1) <0.001

 � β blocker 2111 (75.9) 110 (36) <0.001

 � Clopidogrel 590 (21.2) 45 (15.1) 0.013

 � Diuretic 1526 (54.9) 124 (41.6) <0.001

 � Statin 1323 (47.6) 58 (19.5) <0.001

 � Insulin 1299 (46.7) 98 (32.9) <0.001

 � Oral hypoglycaemic 
agents

191 (6.9) 2 (0.7) <0.001

Initial laboratory data

 � WCC, 103/µL 11.4±4.8 14.4±7.5 <0.001

 � Haemoglobin, mg/dL 11.7±2.1 11.2±2.1 0.001

 � Creatinine, mg/dL 1.1±1.0 1.7±1.4 <0.001

 � SOFA score 3.6±2.7 6.9±3.7 <0.001

Serum glucose, mmol/L

 � Glucose0 8.2±3.8 11.3±6.3 <0.001

 � Glucosemax 10.9±5.0 15.6±7.5 <0.001

 � Glucosemin 5.1±1.4 6.0±3.6 <0.001

ACS, acute coronary syndrome; AMI, acute myocardial infarction; 
COPD, chronic obstructive pulmonary disease; glucose0, initial 
glucose after intensive care unit admission; glucosemax, maximum 
glucose during ICU stay; glucosemin, mean glucose during ICU 
stay; MI, myocardial infarction; SOFA, sequential organ failure 
assessment; UA, unstable angina; WCC, white cell count.

Figure 1  Association between maximum glucose levels and 
hospital mortality in groups of different diseases.

https://dx.doi.org/10.1136/bmjopen-2020-042316
https://dx.doi.org/10.1136/bmjopen-2020-042316


4 Qian J, et al. BMJ Open 2020;10:e042316. doi:10.1136/bmjopen-2020-042316

Open access�

cut-off values were 11.5 (area under curve (AUC)=0.724), 
11.2 (AUC=0.729), 13.4 (AUC=0.638), 15.8 (AUC=0.717) 
and 11.3 mmol/L (AUC=0.764) for all ACS, AMI, 
UA, diabetes and non-diabetes patients, respectively 
(figure  2). To further identify the difference between 
diabetes and non-diabetes with mortality, we performed 
a subgroup analysis of the two groups (figure  3 and 
online supplemental table 3). Interestingly, we found 
that except for patients with significantly elevated blood 

glucose (≥11.1 mmol/L), subgroup analysis of diabetes 
and non-diabetes indicated other factors were not statis-
tically significant with hospital mortality. Among patients 
with blood glucosemax levels ≥11.1 mmol/L, the mortality 
of non-diabetes patients was significantly higher than 
diabetes patients (OR: 0.42, 95% CI 0.31 to 0.57, p<0.001). 
However, in patients with blood glucosemax <11.1 mmol/L, 
there was no significant difference in mortality between 
the two groups (OR: 0.98, 95% CI 0.55 to 1.76, p=0.96).

Table 2  Unadjusted outcomes by maximum glucose categories in patients with ACS

Outcomes

Glucosemax categories (mmol/L)

P value<6.1 (n=177) 6.1–11.1 (n=1683) 11.1–16.6 (n=865) ≥16.6 (n=353)

Hospital mortality, n (%) 5 (2.8) 82 (4.9) 112 (12.9) 99 (28.0) <0.001

ICU mortality, n (%) 2 (1.1) 58 (3.4) 77 (8.9) 74 (21.0) <0.001

Hospital LOS, mean±SD (days) 3.3±1.7 6.7±1.7 9.4±8.5 12.3±12.3 <0.001

ICU LOS, mean±SD (days) 1.6±1.5 2.8±3.5 4.5±6.6 6.5±8.2 <0.001

AKI, n (%) 2 (1.1) 177 (10.5) 176 (20.3) 113 (32.0) <0.001

ACS, acute coronary syndrome; AKI, acute kidney injury; Glucosemax, maximum serum glucose during hospital stay; ICU, intensive care unit; 
LOS, length of stay.

Table 3  Effects of variables on hospital mortality in univariate and multivariate logistic regression analysis in all patients with 
ACS

Variables Unadjusted OR (95% CI) P value Adjusted OR (95% CI) P value

Age 1.05 (1.04 to 1.06) <0.001 1.04 (1.03 to 1.05) <0.001

Male 0.56 (0.46 to 0.75) <0.001 0.625

AMI (UA as ref) 8.40 (5.30 to 13.30) <0.001 5.71 (3.50 to 9.31) <0.001

Hypertension 0.59 (0.47 to 0.76) <0.001 – 0.897

Heart failure 2.05 (1.61 to 2.61) <0.001 – 0.774

Hyperlipidaemia 0.58 (0.43 to 0.79) <0.001 – 0.075

Atrial fibrillation 1.78 (1.38 to 2.28) <0.001 1.47 (1.08 to 2.00) 0.015

Aspirin 0.47 (0.37 to 0.61) <0.001 – 0.504

ACEI 0.25 (0.18 to 0.34) <0.001 0.40 (0.27 to 0.60) <0.001

β blocker 0.19 (0.14 to 0.24) <0.001 0.49 (0.34 to 0.71) <0.001

Clopidogrel 0.66 (0.48 to 0.92) 0.014 – 0.618

Diuretic 0.59 (0.46 to 0.75) <0.001 – 0.145

Statin 0.26 (0.20 to 0.36) <0.001 0.57 (0.39 to 0.83) 0.004

Insulin 0.56 (0.43 to 0.72) <0.001 0.961

Oral hypoglycaemic agents 0.09 (0.02 to 0.37) 0.001 0.23 (0.05 to 0.95) 0.042

WCC 1.09 (1.07 to 1.12) <0.001 1.06 (1.03 to 1.08) <0.001

Haemoglobin 0.91 (0.86 to 0.96) 0.001 – 0.160

Creatinine 1.37 (1.26 to 1.48) <0.001 – 0.159

SOFA score 1.36 (1.31 to 1.41) <0.001 1.25 (1.19 to 1.30) <0.001

Glucosemax (<6.1) Ref. <0.001 Ref. <0.001

Glucosemax (6.1–11.1) 1.76 (0.71 to 4.41) 0.23 2.42 (0.86 to 6.80) 0.095

Glucosemax (11.1–16.6) 5.12 (2.06 to 12.73) <0.001 4.33 (1.55 to 12.13) 0.005

Glucosemax (≥16.6) 13.41 (5.35 to 33.61) <0.001 7.27 (2.56 to 20.62) <0.001

ACEI, ACE inhibitor; ACS, acute coronary syndrome; AMI, acute myocardial infarction; SOFA, sequential organ failure assessment; UA, 
unstable angina; WCC, white cell count.

https://dx.doi.org/10.1136/bmjopen-2020-042316
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DISCUSSION
Results from our study revealed an association between 
maximum glucose levels and increased hospital mortality 
in patients with ACS, as evidenced by a ‘tick’-shaped 
relationship. In addition, we determined optimal cut-off 
values for the maximum blood glucose during hospital-
isation that could contribute to predict hospital mortality 
across different disease groups. We also performed 
subgroup analysis of whether patients with ACS had 
diabetes to clarify the relationship with mortality. Previous 

studies have reported a gradual increase in mortality 
of ACS patients with increase in blood glucose.11 18 19 
However, our findings indicated that hospital mortality 
first decreased, then increased with a gradual increase 
in blood glucose levels, except in patients with UA. This 
weakened trend could be due to the small number of 
patients in the UA group. When the blood glucose level 
fluctuates within a more normal range, the mortality of 
patients was relatively lowest. In the diabetic group, blood 
glucose levels corresponding to the death rate moved 
backward as a whole. However, when the blood glucose 
level was significantly increased (≥11.1 mmol/L), the 
mortality was positively correlated with the blood glucose 
levels. Glucose variability is important, and the elevated 
glucose (maximum glucose) may be one part of the 
glucose fluctuation. These findings are consistent with a 
previous study by Gerbaud et al20, which reported signifi-
cant fluctuations of glucose was associated with cardiovas-
cular outcomes.

The relationship between hyperglycaemia and adverse 
events in patients with ACS is not clear. For example, 
previous studies have shown that stress hyperglycaemia 
is produced through activation of the sympathetic 
nervous system and the hypothalamic–pituitary axis, 
leading to increased production of catecholamines and 
cortisol, as well as stimulating gluconeogenesis, glycog-
enolysis and lipolysis.21 22 Other studies have demon-
strated that insulin-mediated reduction of blood glucose 
concentrations during ACS could reduce mortality.23 In 
addition, insulin treatment have been found to reduce 
inflammatory factors and coagulation media in plasma, 
thereby improving endothelial function and reducing 
the infarct size in patients with ACS.24 25 A large number 
of prospective studies analysing insulin in patients with 
ACS have reported varying degrees of benefit, although 
in the context of ACS, continuous insulin infusion is only 
recommended when blood glucose levels are higher than 
10/11 mmol/L (180/200 mg/dL).26 27 In the current 
study, OR results indicated that insulin was a protective 
factor for hospital mortality in ACS, although this effect 
disappeared after adjusting for covariates, possibly due to 
a limited sample size.

Several studies have shown that patients with higher 
blood glucose levels exhibit increased 30-day and 1-year 
mortality, after multivariate adjustment of confounding 
factors, including age, sex, previous vascular events, 
hypertension, smoking status, Killip grade and atrial 
fibrillation, relative to those with a glucose concentration 
up to 6.1 mmol/L on admission.10 28 This trend was also 
observed in the current study. Results from the multivar-
iate logistic regression analysis revealed that age, AMI 
(vs UA), atrial fibrillation, ACEI, β blocker, statin, oral 
hypoglycaemic agents, WCC, SOFA score and glucosemax 
categories were all independent factors for predicting 
hospital mortality in patients with ACS. However, we do 
not recommend the use of oral hypoglycaemic drugs for 
patients with ACS, since they might increase the risk of 
hypoglycaemia. Our findings also indicated a significant 

Figure 2  The glucosemax during hospitalisation level 
ROC curve for hospital mortality in groups of different 
diseases. AUC, area under curve; ROC, receiver operating 
characteristic.

Figure 3  Subgroup analysis of diabetes group and non-
diabetes group. ACS, acute coronary syndrome; AMI, acute 
myocardial infarction; MI, myocardial infarction; UA, unstable 
angina.
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relationship between level 3 and level 4 with higher 
mortality, relative to level 1, whereas level 2 showed no 
statistically significant difference. This may be attributed 
to the symmetrical mortality corresponding to the blood 
glucose range in level 1 and level 2, which represented as 
first decreased then increase.

Furthermore, we evaluated the optimal cut-off values of 
serum glucosemax during hospitalisation in patients with 
ACS and used them to predict hospital mortality. However, 
we did not evaluate the prognostic effect of blood glucose 
on admission as reported in previous studies.29 To the 
best of our knowledge, this is the first study analysing 
glucosemax value in patients with ACS during hospitalisa-
tion and might provide a reference for the the upper limit 
of blood glucose control in future patients. Specifically, 
we divided patients with ACS into five groups according 
to disease, then compared AUC and cut-off values across 
each group. Results indicated that glucosemax in the non-
diabetes group had the best predictive efficacy, with AUC 
and cut-off values of 0.754 and 11.3 mmol/L, respec-
tively. These results indicated that even an increase in 
blood glucose of patients with ACS, without diabetes, 
was also an important indicator of increased mortality. 
The cut-off value was significantly higher in the diabetes 
(15.8 mmol/L) than non-diabetes group (11.3 mmol/L), 
suggesting a different management strategy of glucose 
for patients with and without diabetes. We also found that 
among patients whose blood glucosemax ≥11.1 mmol/L, 
the mortality of the non-diabetes group was significantly 
higher than the diabetes group. However, there was no 
significant difference in mortality between the two groups 
in patients with blood glucosemax <11.1 mmol/L. There 
are several interpretations for this condition. On the one 
hand, in this study, patients with diabetes were diagnosed 
based on their previous medical history when they were 
admitted to the hospital, and non-diabetes patients were 
also identified based on no previous history of diabetes. 
However, some non-diabetes patients may have a signifi-
cant increase in blood glucose before admission, which 
was not known by patients. On the other hand, due to 
the stress state caused by ACS, patients without a history 
of diabetes might developed hyperglycaemia during 
hospitalisation, which resulted higher mortality in non-
diabetes patients.

This study had some limitations. First, being a retro-
spective study, the independent link between hypergly-
caemia and mortality may not necessarily equate to a 
causal relationship. Second, we only evaluated the rela-
tionship between maximum blood glucose and mortality 
during hospitalisation, which may cause a deviation in the 
conclusion. Third, it is possible that multiple factors may 
increase mortality. Lastly, maximum blood glucose levels 
may be affected by several factors, such as composition 
and duration of a meal and use or lack of hypoglycaemic 
drugs. These factors were not evaluated in the current 
study.

CONCLUSIONS
In summary, our findings indicated that mortality first 
decreased, then rose with increase in blood glucose 
levels. Patients with glucosemax ≥11.5 mmol/L exhibited 
a significant association with increased mortality in ACS. 
This association showed a ‘tick’-type relationship. Among 
patients with significantly elevated blood glucose, the 
mortality of non-diabetes patients was significantly higher 
than diabetes patients. Based on these findings, hospital-
ised blood glucose levels in patients with ACS may be an 
important tool for stratifying potential risk, hence could 
be used to guide development of treatment approaches. 
ACS patients without diabetes need a more robust blood 
glucose management strategy, relative to diabetic coun-
terparts. However, further studies are needed to deter-
mine whether treatment or correction of hyperglycaemia 
may reduce mortality in patients with ACS.
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