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Background: It is uncertain whether the effect of hyperglycemia on mortality among patients with acute coronary syndrome (ACS) 
could be adjusted by other modifiable risk factors. Greater body mass index (BMI) might enhance the effect of fasting blood glucose 
(FPG) on cardiovascular mortality in patients with ACS.
Methods: We retrospectively enrolled patients admitted for ACS from 2008 to 2017 in Beijing and divided them into three BMI 
groups (normal weight ≤ 25 kg/m2, overweight 25–29.9 kg/m2, obese ≥ 30 kg/m2). The relationships between the blood glucose 
levels and all-cause or cardiovascular mortalities and their heterogeneities across the groups were analyzed using Cox regression 
models.
Results: A total of 8,086 patients were enrolled, with 746 all-cause and 496 cardiovascular mortalities recorded during the follow-up 
period. Each 1 mmol/L increase in FPG was associated with an increased risk of all-cause mortality across all groups (adjusted hazard 
ratio [HR] 1.06, 95% confidence interval [CI] 1.02–1.09 for normal weight patients; adjusted HR: 1.09, 95% CI: 1.05–1.13 for 
overweight patients; adjusted HR: 1.12, 95% CI: 1.03–1.22 for obese patients), and was associated with an increased risk of 
cardiovascular mortality among overweight (adjusted HR: 1.10, 95% CI: 1.05–1.14) and obese patients (adjusted HR: 1.15, 95% 
CI: 1.04–1.26), which was greater (p for heterogeneity = 0.006) than the association in the normal weight group (adjusted HR: 1.03, 
95% CI: 0.99–1.08). Similar results were found among 2,537 patients with ACS diagnosed with diabetes.
Conclusion: Greater BMI enhances the effect of FPG on cardiovascular mortality among patients with ACS.
Keywords: acute coronary syndrome, mortality, fasting plasma glucose, body mass index

Background
Abnormal glucometabolic disorders were strongly associated with poor prognoses in patients with acute coronary 
syndrome (ACS),1–4 such as greater infarct size, higher risk of congestive heart failure, and cardiogenic shock.5 

Among patients with ACS who did not know whether they had diabetes mellitus (DM), the relative risk of in-hospital 
mortality was 3.9 times higher in those with a fasting plasma glucose (FPG) greater than or equal to 6.1 mmol/L 
compared with those with an FPG lower than 6.1 mmol/L. Among patients with ACS and established DM, those with an 
FPG greater than or equal to 10 mmol/L had a 70% increase in the relative risk of in-hospital mortality compared with 
patients with a well-controlled FPG (3.9–6.1 mmol/L).5 Obesity is associated with an increased risk of insulin resistance 
and type 2 DM, and obesity alone or combined with hyperglycemia accelerates adverse changes in cardiovascular disease 
risk factors.6,7 However, evidence is still lacking on whether being overweight or obese will aggravate the adverse effects 
of abnormal blood glucose on the prognosis of patients with ACS. This study investigated whether effect modification 
might exist in the associations between FPG or glycosylated hemoglobin type A1c (HbA1c) in patients with ACS with 
all-cause or cardiovascular mortalities across different body mass index (BMI) groups.
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Methods
Study Population
We invited 18 hospitals from Beijing, including seven secondary hospitals (providing general medical services to about 
400 thousand of the local population) and 11 tertiary hospitals (typically having the greatest number of beds and 
providing the most comprehensive medical services) to participate in this study. From these hospitals, patients admitted 
with a discharge diagnosis of ACS8 from January 1, 2008, to December 31, 2017, and aged ≥18 years were included. 
Those who had severe non-cardiac comorbidities with a life expectancy of <12 months or died within 10 minutes after 
hospitalization were excluded. A total of 12,640 admitted patients with ACS were identified, including those with 
unstable angina pectoris, non-ST-segment elevation myocardial infarction, and ST-segment elevation myocardial infarc-
tion. There were 4,347 patients lacking FPG data and 207 whose BMI was less than 18.5 kg/m2 that were excluded. 
Ultimately, 8,086 patients were enrolled in this study.

Data were collected through chart reviews by trained staff. The patients’ demographic characteristics, disease history, 
physical examinations, laboratory examinations, echocardiographs, in-hospital treatments, and medications at discharge 
were recorded using well-designed case report forms as the baseline information. The first results of the FPG, HbA1c, 
and other laboratory tests after admission were included in the analysis. The study protocol conformed to the ethical 
guidelines of the 1975 Declaration of Helsinki. Ethical approvals were acquired from Beijing Anzhen Hospital. Informed 
consent was waived because this study is a retrospective study. The study was conducted with patient information strictly 
confidential.

Clinical Outcomes
The database was linked to the Chinese National Mortality Surveillance System in Beijing to obtain all patients’ in- and 
out-of-hospital survival information since admission. All-cause deaths were classified into cardiovascular and non- 
cardiovascular deaths. Cardiovascular deaths were defined as dying from myocardial infarction, cardiogenic shock, 
cardiac rupture, malignant arrhythmias, stroke, pulmonary embolism, and other causes of cardiovascular death.

Statistical Analysis
Continuous variables were presented as mean ± standard deviation (SD), normally distributed variables were compared 
by ANOVA, and non-normally distributed variables were compared by non-parametric tests. Categorical variables were 
expressed as numbers (percentages) and compared using chi-square tests among the different BMI groups (normal 
weight: BMI 18.5–24.9 kg/m2; overweight: BMI 25–29.9 kg/m2; obesity: BMI ≥ 30 kg/m2).

Cox regression analyses were used to estimate the adjusted hazard ratios (HR) and their 95% confidence 
intervals (CI) per 1 mmol/L increase of baseline FPG or different baseline HBA1c levels (normoglycemia: not 
diagnosed with diabetes and HbA1c < 5.7%; prediabetes: not diagnosed with diabetes and HbA1c 5.7%–6.4%; 
undiagnosed DM: not diagnosed with diabetes but HbA1c ≥ 6.5%; known DM group: diagnosed with diabetes) 
with all-cause or cardiovascular mortalities, adjusted for sex, age, Hb, creatinine clearance, left ventricular 
ejection fraction less than 40%, or history of congestive heart failure, DM, smoking, coronary heart disease, 
systolic blood pressure greater than 140/90 mmHg, or history of hypertension, ischemic stroke, aspirin or platelet 
P2Y12 receptor antagonist use, Angiotensin-converting enzyme inhibitor (ACEI) or Angiotensin II receptor 
blocker (ARB) therapies. The heterogeneity tests were conducted to explore the interaction effects of FPG or 
HbA1c levels on the risk of all-cause or cardiovascular mortalities across the different BMI groups. All statistical 
analyses were performed using SAS software, version 9.4 (SAS Institute, Cary, NC, USA). Two-sided p values < 
0.05 were deemed significant.

Results
Participant Characteristics
A total of 8,086 patients with ACS were enrolled in this study, with a median follow-up time to death or the end of 
follow-up of 4.1 years (interquartile range, 2.3–5.8 years). Seven hundred forty-six all-cause deaths and four hundred 
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ninety-six cardiovascular deaths occurred during follow-up. The mean age was 63.1 ± 11.9 years for all patients, 5,515 
(68%) were men, and 2,537 (31%) were diagnosed with DM. Among the normal weight (n = 3,770), overweight (n = 
3,488), and obesity groups (n = 828), the mean FPG levels were 6.7 ± 2.8 mmol/L, 6.8 ± 2.8 mmol/L, and 6.9 ± 2.7 
mmol/L (p < 0.05), the mean HbA1c levels were 6.7 ± 1.6%, 6.8 ± 1.6%, and 6.8 ± 1.5% (p < 0.05), and 30.8%, 31.5%, 
and 33.5% of the patients had a history of a DM diagnosis (p > 0.05), respectively. There were no significant differences 
among the three groups concerning proportions of men, current smoking, alcohol consumption, and prevalence of 
coronary heart disease, heart failure, DM, transient ischemic attack, and atrial fibrillation. However, with the increase 
of BMI across the groups, the proportion of patients with a history of hypertension and hyperlipidemia increased (p < 
0.05) (Table 1).

The all-cause mortality rates were 223.5, 145.7, and 149.1 per 1,000 person-years among the normal weight, 
overweight, and obese patients without DM, while the mortality rates were 341.2, 300.4, and 288.4 per 1,000 person- 
years among the normal weight, overweight, and obese patients with DM, respectively. The cardiovascular mortality 
rates were 148.1, 100.4, and 106.5 per 1,000 person-years among the normal weight, overweight, and obese patients 
without DM, and 203.9, 210.5, and 204.7 per 1,000 person-years among the normal weight, overweight, and obese 
patients with DM.

Association of Fasting Blood Glucose with Mortality Across the Body Mass Index 
Groups
From the Cox regression models, each 1 mmol/L FPG increase was significantly associated with a greater risk of 
cardiovascular mortality (HR [95% CI]: 1.03 [0.99–1.08] in the normal weight group but not significant, 1.10 [1.05– 
1.14] in the overweight group, and 1.15 [1.04–1.26] in the obese group) and with greater risk of all-cause mortality 
(HR [95% CI]: 1.06 [1.02–1.09] in the normal weight group, 1.09 [1.05–1.13] in the overweight group, and 1.12 
[1.03–1.22] in the obese group) after adjustment for confounders. For cardiovascular mortality in patients with 
diagnosed DM (HR [95% CI] 0.98 [0.93–1.05] in the normal weight group, 1.08 [1.02–1.13] in the overweight 
group, 1.18 [1.05–1.33] in the obese group); but for all-cause mortality: HR [95% CI] 1.04 [0.99–1.08] in the 
normal weight group, 1.08 [1.03–1.13] in the overweight group, and 1.14 [1.03–1.26] in the obese group). And for 
cardiovascular mortality in patients without diagnosed DM (HR [95% CI] 1.13 [1.06–1.20] in the normal weight 
group, 1.12 [1.05–1.19] in the overweight group, and 1.17 [0.94–1.45] in the obese group; but for all-cause 
mortality: HR [95% CI] 1.12 [1.05–1.18] in the normal weight group, 1.09 [1.03–1.16] in the overweight group, 
and 1.09 [0.90–1.32] in the obese group). The results of the heterogeneity tests show that the interaction effects of 
FPG on all-cause mortality were not statistically significant across the BMI groups; however, the interaction effects 
of FPG on cardiovascular mortality were statistically significant among all patients with ACS and those diagnosed 
with DM (Table 2, Figure 1 and 2).

Association of Glycosylated Hemoglobin Type A1c with Mortality Across the Body 
Mass Index Groups
In the normoglycemia group (HbA1c < 5.7%), prediabetes (HbA1c 5.7–6.4%), undiagnosed DM (with HbA1c ≥ 6.5%), 
and diagnosed DM were not significantly associated with a higher risk of all-cause or cardiovascular mortalities after 
adjustment for confounders in the normal weight group (for all-cause mortality: HR [95% CI] 1.26 [0.80–1.97], 1.54 
[0.87–2.72], and 1.51 [0.99–2.31]; for cardiovascular mortality: HR [95% CI] 1.57 [0.86–2.87], 1.78 [0.84–3.78], and 
1.70 [0.95–3.02]), in the overweight group (for all-cause mortality: HR [95% CI] 0.84 [0.46–1.53], 1.02 [0.51–2.02], and 
1.51 [0.88–2.59]; for cardiovascular mortality: HR [95% CI] 1.07 [0.48–2.39], 1.29 [0.53–3.16], and 1.92 [0.93–3.74]), 
or in the obese group (for all-cause mortality: HR [95% CI] 1.16 [0.32–4.18], 1.20 [0.33–4.39], and 0.59 [0.18–2.00]; for 
cardiovascular mortality: HR [95% CI] 1.40 [0.33–6.00], 1.16 [0.26–5.21], and 0.72 [0.18–2.86]). The heterogeneity tests 
across the three BMI groups were not statistically significant (all p > 0.05) (Table 3).
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Discussion
In the current study, higher FPG levels were associated with increased risks for all-cause and cardiovascular mortalities among 
patients with ACS after adjusting for confounders. Greater BMI enhanced the adjusted associations between FPG and 
cardiovascular mortality. However, compared with the normoglycemia group, prediabetes, undiagnosed (with HbA1c ≥ 
6.5%), and diagnosed DM were not significantly associated with all-cause or cardiovascular mortalities in each BMI group.

Previous epidemiological studies have shown that approximately 25% to 50% of patients with acute myocardial 
infarction (AMI) have hyperglycemia,9 and abnormal glucometabolic disorders were strongly associated with a higher 
risk of cardiovascular complications.5 Obesity alone increases the absolute risk for DM and vascular disease,10 while, 

Table 1 Characteristics of Patients by BMI Groups

Whole Cohort BMI 18.5–24.9  
kg/m2

BMI 25–29.9  
kg/m2

BMI ≥30  
kg/m2

p value

N 8086 3770 3488 828 <0.0001

Age, years 63.08 ± 11.92 64.70 ± 11.7 62.26 ± 11.62 59.19 ± 12.97 <0.0001

Male, n(%) 5515 2618(69.4) 2351(67.4) 546(65.9) 0.059
HbA1c, % 6.75 ± 1.57 6.71 ± 1.58 6.78 ± 1.57 6.83 ± 1.49 0.001

Fasting glucose, mmol/L 6.79 ± 2.78 6.71 ± 2.77 6.85 ± 2.81 6.88 ± 2.67 <0.0001

BMI (SD) 25.69 ± 3.56 22.87 ± 1.55 27.13 ± 1.32 32.46 ± 3.87 <0.0001
SBP, mmHg (SD) 131.49 ± 21.46 130.11 ± 21.66 132.16 ± 21.08 134.96± 21.62

HR, times/min (SD) 75.15 ± 18.99 74.17 ± 19.54 75.72 ± 18.41 77.55 ± 18.46 0.0001
Smoking, past/current, n(%) 3584 1707(45.3) 1514(43.4) 363(43.8) 0.264

Drinking, past/current, n(%) 2404 1140(30.2) 1030(29.5) 234(28.3) 0.499

eGFR, mL/min/ 1.73m2 110.77 ± 39.32 110.63 ± 41.76 110.87 ± 36.40 110.99± 39.74 <0.0001
LVEF, % 59.89 ± 10.65 59.40 ± 11.07 60.23 ± 10.38 60.71 ± 9.61 <0.0001

Hb, g/L 136.05 ± 18.28 134.38 ± 18.32 137.24 ± 18.08 138.59± 18.30 <0.0001

LDL-c, mmol/L 2.66 ± 0.88 2.61 ± 0.86 2.69 ± 0.89 2.74 ± 0.91 <0.0001
eGFR<60mL/min/ 1.73m2, n(%) 542 267(7.1) 214(6.1) 61(7.4) 0.197

LVEF<40%, n(%) 321 179(4.8) 121(3.5) 21(2.5) 0.002

Medical history
Coronary heart disease, n(%) 2256 1047(27.8) 965(27.7) 244(29.5) 0.566

Old myocardial infarction, n(%) 891 412(10.9) 386(11.1) 93(11.2) 0.962

Previous percutaneous coronary intervention, n(%) 1108 493(13.1) 501(14.4) 114(13.8) 0.281
Previous coronary artery bypass grafts, n(%) 131 55(1.5) 59(1.7) 17(2.1) 0.427

Hypertension, n(%) 5275 2271(60.2) 2401(68.8) 603(72.8) <0.0001

Diabetes Mellitus, n(%) 2537 1162(30.8) 1098(31.5) 277(33.5) 0.330
Insulin treated 752 325(28.0) 345(31.4) 82(29.6) 0.199

Transient ischemic attack, n(%) 64 37(1.0) 19(0.6) 8(1.0) 0.093

Hyperlipidemia, n(%) 2168 903(24.0) 1003(28.8) 262(31.6) <0.0001
Heart failure, n(%) 58 32(0.9) 20(0.6) 6(0.7) 0.381

Cardiomyopathy, n(%) 16 9(0.2) 7(0.2) 0(0.0) 0.375

Atrial fibrillation, n(%) 241 105(2.8) 108(3.1) 28(3.4) 0.571
Ischemic stroke, n(%) 1065 555(14.7) 422(12.1) 88(10.6) 0.000

Drug treatment
Aspirin, n(%) 7881 3660(97.1) 3410(97.8) 811(98.0) 0.118
Platelet P2Y12 receptor antagonists, n(%) 7782 3628(96.2) 3362(96.4) 792(95.7) 0.606

Beta blocker agent, n(%) 6318 2882(76.5) 2765(79.3) 671(81.0) 0.002

ACEI, n(%) 4230 1971(52.3) 1816(52.1) 443(53.5) 0.757
ARB, n(%) 1770 737(19.6) 807(23.1) 226(27.3) <0.0001

Statin, n(%) 7834 3650(96.8) 3383(97.0) 801(96.7) 0.886

Note: Data shown as mean or frequencies (%). 
Abbreviations: ACEI, angiotensin-converting enzyme inhibitor; ARB, angiotensin receptor blocker.BMI, Body Mass Index; eGFR, estimated glomerular filtration rate; Hb, 
hemoglobin; HR, Heart rate; HbA1c, Glycosylated Hemoglobin type A1c; LVEF, left ventricular ejection fraction; LDL-c, Low density lipoprotein cholesterol; SBP, Systolic 
pressure.

https://doi.org/10.2147/DMSO.S370118                                                                                                                                                                                                                               

DovePress                                                                                             

Diabetes, Metabolic Syndrome and Obesity: Targets and Therapy 2022:15 2678

Wen et al                                                                                                                                                             Dovepress

Powered by TCPDF (www.tcpdf.org)Powered by TCPDF (www.tcpdf.org)

https://www.dovepress.com
https://www.dovepress.com


combined with hyperglycemia, it accelerates adverse changes in the risk profile of cardiovascular disease at an even 
faster speed.6,7 Previous studies have reported that higher BMI might modify the association between HbA1c and 
cardiovascular outcomes in patients with type 2 DM.11,12 In our study, cardiovascular mortality risks increased with 
higher FPG levels. The associations between FPG and cardiovascular mortality were stronger among patients with ACS 
and higher BMI, which indicated that being overweight or obese might modify the effect of abnormal glucometabolic 
disorders on adverse cardiovascular prognoses.

Several mechanisms may explain the relationship between metabolic disorders and adverse cardiovascular events. 
First, abnormal glucose metabolism can disrupt normal endothelial function, accelerate atherosclerotic plaque formation, 

Table 2 Associations of FPG with All-Cause Mortality or Cardiovascular Mortality Across Different BMI 
Groups

BMI (kg/m2) HR (95% CI) (per 1 
mmol/L Higher FBG)

p value p for 
Heterogeneity

All-cause 

mortality*

ALL <25 1.06(1.02–1.09) 0.002 0.087

25–29.9 1.09(1.05–1.13) <0.0001

≥30 1.12(1.03–1.22) 0.009

DM** <25 1.04(0.99–1.08) 0.115 0.078
25–29.9 1.08(1.03–1.13) 0.001

≥30 1.14(1.03–1.26) 0.015
No DM** <25 1.12(1.05–1.18) 0.000 0.783

25–29.9 1.09(1.03–1.16) 0.004

≥30 1.09(0.90–1.32) 0.397
Cardiovascular 

mortality*

ALL <25 1.03(0.99–1.08) 0.193 0.006

25–29.9 1.10(1.05–1.14) <0.0001
≥30 1.15(1.04–1.26) 0.005

DM** <25 0.98(0.93–1.05) 0.607 0.007

25–29.9 1.08(1.02–1.13) 0.006
≥30 1.18(1.05–1.33) 0.006

No DM** <25 1.13(1.06–1.20) 0.000 0.878

25–29.9 1.12(1.05–1.19) 0.001
≥30 1.17(0.94–1.45) 0.162

Notes: *Adjusted for sex, age, Hb, creatinine clearance, Left ventricular ejection fraction less than 40%, or history of congestive heart 
failure, DM, smoking, coronary heart disease, systolic blood pressure greater than 140/90 mmHg, or history of hypertension, ischemic 
stroke, aspirin or platelet P2Y12 receptor antagonist use, ACEI or ARB therapy. **DM was excluded in the process of adjustment. 
Abbreviations: BMI, Body Mass Index; DM, diabetes mellitus. FPG, fasting plasma glucose; HR, Heart rate.

Figure 1 Fasting plasma glucose and all-cause death in three groups. (A) Fasting plasma glucose and all-cause death in the normal weight group (B) Fasting plasma glucose 
and all-cause death in the overweight group (C) Fasting plasma glucose and all-cause death in the obese group.
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and contribute to plaque rupture and subsequent thrombosis, which will increase the risk of macrovascular disease, and 
may also lead to infarct expansion by several maladaptive metabolic pathways.13 A study population consisted of 2450 
patients with obstructive acute myocardial infarction (obs-AMI) and 239 with non-obstructive acute myocardial infarc-
tion confirm the association of hyperglycemic obs-AMI with elevated inflammatory markers and larger infarct sizes.14 

Admission stress-hyperglycemia (aHGL) was identified as a strong predictor of adverse short- and long-term outcomes in 
both obstructive coronary arteries and non-obstructive coronary arteries, regardless of diabetes. aHGL should be 

Figure 2 Fasting plasma glucose and cardiovascular death in three groups. (A) Fasting plasma glucose and cardiovascular death in the normal weight group (B) Fasting 
plasma glucose and cardiovascular death in the overweight group (C) Fasting plasma glucose and cardiovascular death in the obese group.

Table 3 Associations of HbA1c with All-Cause and Cardiovascular Mortality Across Different BMI Groups *

BMI (kg/m2) HR (95% CI) p value p for Heterogeneity

All-cause mortality <25 HbA1c<5.7%Normoglycemia Reference 0.655

HbA1c5.7–6.4%Prediabetes 1.26(0.80–1.97) 0.324
HbA1c≥6.5%Undiagnosed diabetes 1.54(0.87–2.72) 0.140

Diagnosed diabetes 1.51(0.99–2.31) 0.056

25–29.9 HbA1c<5.7%Normoglycemia Reference
HbA1c5.7–6.4%Prediabetes 0.84(0.46–1.53) 0.563

HbA1c≥6.5%Undiagnosed diabetes 1.02(0.51–2.02) 0.959

Diagnosed diabetes 1.51(0.88–2.59) 0.138
≥30 HbA1c<5.7%Normoglycemia Reference

HbA1c5.7–6.4%Prediabetes 1.16(0.32–4.18) 0.819

HbA1c≥6.5%Undiagnosed diabetes 1.20(0.33–4.39) 0.784
Diagnosed diabetes 0.59(0.18–2.00) 0.397

Cardiovascular mortality <25 HbA1c<5.7%Normoglycemia Reference 0.901
HbA1c5.7–6.4%Prediabetes 1.57(0.86–2.87) 0.140

HbA1c≥6.5%Undiagnosed diabetes 1.78(0.84–3.78) 0.134

Diagnosed diabetes 1.70(0.95–3.02) 0.073
25–29.9 HbA1c<5.7%Normoglycemia Reference

HbA1c5.7–6.4%Prediabetes 1.07(0.48–2.39) 0.865

HbA1c≥6.5%Undiagnosed diabetes 1.29(0.53–3.16) 0.576
Diagnosed diabetes 1.92(0.93–3.97) 0.078

≥30 HbA1c<5.7%Normoglycemia Reference

HbA1c5.7–6.4%Prediabetes 1.40(0.33–6.00) 0.652
HbA1c≥6.5%Undiagnosed diabetes 1.16(0.26–5.21) 0.845

Diagnosed diabetes 0.72(0.18–2.86) 0.641

Notes: *Adjusted for sex, age, Hb, creatinine clearance, Left ventricular ejection fraction less than 40%, or history of congestive heart failure, DM, smoking, coronary heart 
disease, systolic blood pressure greater than 140/90 mmHg, or history of hypertension, ischemic stroke, aspirin or platelet P2Y12 receptor antagonist use, ACEI or ARB 
therapy. 
Abbreviations: BMI, Body Mass Index; HbA1c, glycosylated hemoglobin type A1c; HR, Heart rate.
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considered a high-risk prognostic marker in all AMI patients.15 In hyperglycemic patients with STEMI, optimal peri- 
procedural glycemic control by reducing oxidative stress and inflammation may improve the outcome after PCI.16

Second, obesity might increase adverse cardiovascular events both directly and indirectly. The direct effects are 
mediated by obesity-induced structural and functional adaptations of the cardiovascular system to accommodate excess 
body weight, as well as by adipokine effects on inflammation and vascular homeostasis, leading to a proinflammatory 
and prothrombotic milieu. Almost all cardiovascular diseases could increase in frequency in obesity, including hyperten-
sion, coronary heart disease, heart failure, and atrial fibrillation.17 The indirect effects are mediated through the risk of 
metabolic syndromes such as insulin resistance, dyslipidemia, and hypertension.18 A meta-analysis that included 65 
studies, which involved 516,325 participants, demonstrated that insulin resistance was a better predictor of cardiovascular 
disease events than fasting glucose or insulin levels in adults without DM.19 Obesity is a major driving force for insulin 
resistance in adipose tissue, which triggers low-grade inflammation in adipocytes and contributes to impaired glucose 
metabolism in skeletal muscle and the liver and low insulin secretion from pancreatic β cells, which all promote 
hyperglycemia. Insulin resistance alone or combined with hyperglycemia promotes adverse changes in cardiovascular 
disease risk factors, including atherogenic dyslipidemia and blood pressure elevation.20 Greater obesity might enhance 
the effect of abnormal glucometabolic disorders on adverse cardiovascular prognoses among patients with ACS.

The main advantage of this observational study is (I) a large number of patients and events; (II) the patients’ 
treatments in the Beijing hospitals reflects the actual situation of clinical practice, and the quality of FPG and HbA1c 
analyses is guaranteed; (III) follow-up data collection is based on the Chinese National Mortality Surveillance System 
with high quality and coverage.

Our study had several limitations. First, all participants were from China; future studies should enroll participants of 
other ethnic groups. Second, our study did not collect data on central obesity assessed by waist circumference. Several 
studies have shown that central obesity assessed by waist circumference or waist-to-hip ratio was an important risk factor 
for long-term mortality among patients with AMI21,22 or coronary heart disease at baseline.23 Third, although we 
adjusted for some common comorbidities, including hypertension, old myocardial infarction, ischemic stroke, and 
DM, we could not adjust the severity of the disease further because the ACS registry did not collect relevant data. In 
addition, some patients may have been admitted with undiagnosed DM or impaired glucose tolerance but were enrolled 
in the DM-free group.

Conclusion
This large observational study of patients with ACS in clinical practice showed a gradual increase in the risk of 
cardiovascular mortality with elevated FPG values. With an increase in BMI, cardiovascular mortality was more strongly 
influenced by FPG. This means that strict control of plasma glucose is critical in obese and overweight patients with 
ACS. Keeping blood glucose and body weight well-controlled might be more effective in improving patients with ACS 
prognoses than only keeping blood glucose under control.
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