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Purpose: The incidence of prediabetes mellitus (pre-DM) is increasing among young individuals. Whether pre-DM can predict
adverse cardiovascular events in acute coronary syndrome (ACS) patients remains controversial. This study aimed to investigate the
impact of pre-DM on the long-term clinical outcomes of patients aged< 45 years with new-onset ACS.

Patients and methods: A total of 1113 patients with new-onset ACS (aged< 45 years) who underwent percutaneous coronary
intervention (PCI) were enrolled in this study. Patients were divided into three groups according to their glycemic status or history:
normal glucose metabolism (NGM), prediabetes (pre-DM), and diabetes mellitus (DM). The primary endpoint was defined as
a composite of major adverse cardiovascular events (MACE) including all-cause death, myocardial infarction (MI), stroke, or
unplanned repeat revascularization. Multivariate Cox regression analysis was performed to explore the association between abnormal
glycemic status and MACE.

Results: The prevalence of NGM, pre-DM, and DM were 45.9% (n=511), 27.0% (n=301), and 27.0% (n=301), respectively. During
a median follow-up of 65 months, MACE occurred in 23.5% (n=120) of NGM, 29.2% (n=88) of pre-DM, and 34.6% (n=104) of DM
(P=0.003). After multivariate adjustment, both pre-DM and DM significantly increased the risk of MACE compared with the NGM
group (pre-DM: HR1.38, CI95% 1.05-1.83, P=0.023; DM: HR1.65, CI95% 1.27-2.16, P<0.001). Moreover, pre-DM had a similar
impact on MACE as DM in young patients with ACS (P=0.162).

Conclusion: Pre-DM was common among patients aged< 45 years with new-onset ACS. Pre-DM was associated with an increased
risk of future MACE compared to NGM.
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Introduction
The incidence of acute coronary syndrome (ACS) is gradually increasing among young Chinese individuals aged< 45
years, with changes in dietary habits, social stress, and exercise levels." Despite improved secondary prevention and
treatment of coronary artery disease (CAD), the overall prevalence of poor cardiovascular events has shown little
improvement among young patients.” Globally, ACS remains a major cause of adverse outcomes in young adults.” It is
well established that modifiable risk factors such as smoking, obesity, and diabetes mellitus (DM) play a role in the
development and prognosis of ACS. However, younger patients with ACS have more diverse risk profiles than older
patients do. Therefore, it is crucial to explore risk factors in young patients with ACS to plan appropriate prevention
strategies.

Prediabetes (pre-DM), an intermediate glycemic stage between normal glucose metabolism and DM,* is becoming
increasingly prevalent among young adults.”® According to recent diagnostic criteria, pre-DM can be defined according
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to fasting plasma glucose (FPG) and/or glycosylated hemoglobin (HbA1c).” Irrespective of the defining criteria, pre-DM
is highly related to increased exposure to DM, cardiovascular disease, and renal events compared with normoglycemia in
the general population.® Moreover, growing evidence suggests that pre-DM is associated with poor prognosis in
established cardiovascular disease patients.'® Nevertheless, the relationship between pre-DM and recurrent cardiovas-
cular events in individuals with ACS remains controversial. A recent study found that pre-DM increased the risk of all-
cause death in young individuals undergoing coronary angiography (CAG)."" However, this association was not
significant in those with CAD, acute myocardial infarction (AMI), or undergoing percutaneous coronary intervention
(PCI) To date, there is a lack of insight into the relationship between pre-DM and long-term adverse prognosis in young
ACS patients. Therefore, this study aimed to examine the impact of pre-DM assessed by FPG or HbAlc levels on the
long-term prognosis of patients with new-onset ACS aged< 45 years.

Methods
Study Populations

This was a single-center, retrospective cohort study. We registered 2086 individuals aged < 45 years who were admitted
to Tianjin Chest Hospital between January 2014 and December 2020 for PCI for ACS. The inclusion criteria were as
follows:1) age < 45 years, 2) underwent PCI, and 3) first ACS in-a-lifetime. Moreover, 973 patients were excluded based
on the following criteria: 1) severe cardiomyopathy, rheumatic heart disease, congenital heart disease, malignant tumors,
or use of oral contraceptives or pregnancy; 2) incomplete clinical data; 3) lost to follow-up; 4) history of prior myocardial
infarction; and 5) previous implantation of stents or coronary artery bypass grafting (CABG). Therefore, the final
analysis included 1113 patients. Patients were divided into three groups according to their glucose metabolic status,
patients were divided into 3 groups: NGM (n=511), pre-DM (n=301), and DM (n=301; Figure 1).

2086 consecutive patients aged <45
with ACS received coronary
angiography

Exclusion:

1. 239 patients without medication
for revascularization

2. 210 patients with prior PCI

3. 11 patients with prior CABG

4. 214 patients with OMI

1412 patients were eligible
for the study

299 patients lost follow-up

1113 patients included in final analysis
median follow-up of 65 months

NMG pre-DM DM
N=511 N=301 N=301

Figure | Study flow chart.
Abbreviations: NMG, normal metabolism glucose; pre-DM, prediabetes; DM, diabetes mellitus; ACS, acute coronary syndrome; PCl, percutaneous coronary intervention;
CABG, Coronary Angioplasty Bypass Grafting; OMI, old myocardial infarction.
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Clinical Definition

According to the recommendations of the American College of Cardiology, ACS includes ST-elevation myocardial
infarction, non-ST-elevation myocardial infarction, or unstable angina. A family history of CAD was defined as proof of
CAD in patients younger than 45 years (male) and 55 years (female). Current smoking was defined as an average of at
least one cigarette per day (>7 cigarettes per week) in the previous two weeks. Hypertension was defined as systolic
blood pressure (SBP) >140 mmHg, diastolic blood pressure (DBP) >90 mmHg, or use of medications for treatment. The
definition of glucose metabolic status is based on the American Diabetes Association (ADA).'> DM was defined as FPG
>126 mg/dl and/or HbAlc >6.5%, and/or with a history of DM. Pre-DM was defined as FPG >100 and <126 mg/dl and/
or HbAlc >5.7%. NGM was defined as FPG <100 mg/dl and HbAlc <5.7%. Dyslipidemia was defined as a total
cholesterol (TC) exceeding 5.72 mmol/L and/or triglyceride (TG) levels exceeding 1.70 mmol/L in general adults. All
patients underwent CAG for ACS using a radial or femoral approach. Angiographic stenosis was defined as a 50%
reduction in the diameter of the major coronary artery or >50% reduction in the diameter of the left main coronary
artery (LM).

Clinical and Laboratory Analysis

All data were obtained from the in-hospital clinical data. The risk factors analyzed included age, sex, smoking, family
history of CAD, hypertension, dyslipidemia, and prior cerebral infarction. Laboratory data included levels of total
cholesterol (TC), triglycerides (TG), low-density lipoprotein (LDL), high-density lipoprotein (HDL), serum creatinine,
fasting plasma glucose (FPG), Hemoglobin Alc (HbAlc), and high-sensitivity C-reactive protein (hs-CRP). The left
ventricular ejection fraction (LVEF) was evaluated by transthoracic echocardiography using the Teichholz method. All
medical therapies during hospitalization were recorded, including aspirin, clopidogrel, ticagrelor, statins, angiotensin-

converting enzyme inhibitors/angiotensin receptor blockers, B-blockers, mononitrate and antidiabetic drugs.

Follow Up

From October 2022 to January 2023, all individuals were followed up by telephone or through outpatient visits. The
primary endpoint was defined as a composite of major adverse cardiovascular events (MACE). The secondary endpoints
included all-cause death, myocardial infarction (MI), stroke, unplanned repeat revascularization, and the composite of
death, MI and stroke. MACE included all-cause death, myocardial infarction (MI), stroke, and unplanned repeat

revascularization. All-cause death was defined as death from any cause.

Statistical Analysis

The study population was divided into three groups based on fasting plasma glucose (FPG) or glycated hemoglobin
(HbAlc) levels on admission. Baseline demographic characteristics, clinical features, treatment modalities, and long-
term prognoses were compared among all study individuals. Normally distributed data are presented as mean =+ standard
deviation (X+S), while skewed distributed data are expressed as medians with interquartile ranges. Independent sample
t-tests (for normally distributed data) and Kruskal-Wallis H-tests (for skewed distributed data) were conducted for
continuous variables. The chi-squared test was used for categorical variables. The association between the glucose
metabolism status and long-term clinical outcomes was assessed using a COX regression model. Univariate and
multivariate COX proportional hazards regression models were used to analyze the independent predictors of adverse
cardiovascular composite endpoints. Univariate Cox regression analysis was performed to determine possible predictive
factors related to MACE. Then, variables with significant association (P<0.20) with MACE were included in multivariate
Cox regression analysis. All variables found to be significant in the univariate analysis, including age, BMI, hyperten-
sion, hyperlipidemia, Gensini Score, TC, LDL-C, HDL-C, and creatinine level, were included in the multivariable
regression model. The results are expressed as adjusted hazard ratios (HR) with 95% confidence intervals. Statistical

significance was set at p <0.05. Data analysis was performed using SPSS version 26.0.
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Results

Baseline Characteristics

Our study included 1113 young patients with new-onset acute coronary syndrome (ACS). Among the 1113 young
patients with new-onset ACS, 1045 (93.9%) were men, and the mean age of the adults was 40.3 + 4.3 years. According to
the American Diabetes Association (ADA) criteria, the NGM group accounted for 45.9% (n=511), pre-DM group
accounted for 27.0% (n=301), and DM group accounted for 27.0% (n=301). The baseline characteristics of the NGM,
pre-DM, and DM groups are showed in Table 1 and Table 2. Compared with the NGM group, the pre-DM and DM
groups tended to be older (P=0.017) and had higher BMI, SBP, DBP, heart rate, prior cerebral infarction, TC, FPG,

Table | Baseline Characteristics of Patients According to Glucose or HbAIc on Admission

Variables NMG Pre-DM DM P
(n=511) (n=301) (n=301)
Clinical variables
Age, y 41.0(37.0,43.6) 41.8(38,44) 42(38.8,43.9) 0.017
Male, n (%) 484(94.7) 291(96.7) 270(89.7) 0.010
BMI (kg/m?2) 27.8%3.1 28.3+3.4 28.4+3.3 0.008
Family history of CAD, n (%) 112(21.9) 56(18.6) 69(22.9) 0.388
Hypertension, n (%) 267(52.3) 147(48.8) 190(63.1) 0.001
Dyslipidemia, n (%) 295(57.7) 206(68.4) 210(69.8) <0.001
Current smoking, n (%) 371(72.6) 218(72.4) 207(68.8) 0.465
Prior cerebral infraction, n (%) 12(1.3) 12(4.0) 19(6.3) 0.018
SBP (mm Hg) 130(120,143) 132(120,145) 135(124,147) 0.008
DBP (mm Hg) 80(70,90) 80(71,90) 83(75,93) 0.004
Heart rate 71(64,80) 74(67,82) 77(70,87) <0.001
LVEF (%) 60(54,63) 57(50,61) 58(49,61) <0.001
Laboratory characteristics
Creatinine (umol/l) 78.0(71.0,87.0) 76.5(69.0,86.8) 70.0(62.0,82.0) <0.001
TC (mmol/l) 4.6(4.0,5.3) 4.8(4.0,5.4) 4.7(3.9,5.5) 0.340
HDL-C (mmol/l) 0.9(0.8,1.1) 0.9(0.8,1.1) 0.9(0.8,1.0) 0.482
LDL-C (mmol/l) 3.2(2.6,3.8) 3.2(2.5,3.8) 3.1(24,3.8) 0.279
TG (mmol/l) 1.8(1.4,2.5) 2.1(1.4,3.1) 2.1(1.5,3.2) <0.001
FBG (mmol/l) 4.9(4.6,5.3) 6.0(5.7,6.6) 8.2(6.7,11.2) <0.001
HbAlc 5.3(5.1,5.5) 5.8(5.5,6.0) 7.8(6.9,9.5) <0.001
Hs-CPR (mg/l) 2.6(1.0,7.3) 3.2(1.2,9.5) 3.6(1.3,8.7) 0.031
Grace Score 74(59,89) 74(59,88) 77(59,90) 0.336
Medications
Aspirin, n (%) 506(99.2) 300(99.7) 298(99.0) 0611
Clopidogrel, n (%) 380(74.5) 218(72.4) 217(72.1) 0.697
Ticagrelor, n (%) 124(24.3) 82(27.2) 81(26.9) 0.574
ACEI/ARB, n (%) 266(52.2) 168(55.8) 176(58.5) 0.202
Statin, n (%) 484(94.9) 292(97.0) 290(96.3) 0.307
Beta-blocker; n (%) 377(73.9) 242(80.4) 254(84.4) 0.001
Mononitrate, n (%) 134(26.3) 72(23.9) 96(31.9) 0.074
Insulin, n (%) - - 93(30.9) -
Metformin, n (%) - - 67(22.3) -
Sulphonyurea, n (%) - - 43(14.3) -
Non-sulfonylurea insulin, n (%) - - 18(6.0) -
a-Glucosidase inhibitors, n (%) - - 123(40.9) -

Note: Data are expressed as mean * SD, median with 25th and 75th percentiles, or n (%).

Abbreviations: SBP, systolic blood pressure; DBP, diastolic blood pressure; BMI, body mass index; LVEF, left ventricular ejection
fraction; FBG, fasting blood glucose; HbAlc, Hemoglobin Alc; Hs-CRP, high-sensitivity C-reactive protein; TC, triglyceride TG,
triglyceride; LDL-C, low-density lipoprotein cholesterol; HDL-C, high-density lipoprotein cholesterol; ACEls, angiotensin-
converting enzyme; ARBs, angiotensin receptor blocker.
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Table 2 Clinical Presentation and Coronary Angiography Outcomes of Patients
According to Glucose or HbAlc on Admission

Variables NMG Pre-DM DM P
(n=511) (n=301) (n=301)

Clinical presentation <0.001

STEMI 174(34.1) 147(48.8) 122(40.5)

NSTEMI 103(20.2) 38(12.6) 53(17.6)

Unstable angina 234(45.8) 116(38.5) 126(41.9)

Number of lesion vessels (%)

| vessel, n (%) 209(41.0) 113(37.5) 97(322) 0.004

2 vessels, n (%) 162(31.7) 105(34.9) 87(28.9) 0.003

3 vessels, n (%) 136(26.6) 80(26.6) 117(38.9) 0.003

LM, n (%) 19(3.7) 16(5.3) 6(2.0) 0.096

Gensini Score 40(22,72) 40(24,74) 48(24,80) 0.063

Target vessels

LAD, n (%) 315(61.8) 151(50.2) 176(58.5) 0.005

LCX, n (%) 100(19.6) 83(27.6) 64(21.4) 0.028

RAC, n (%) 156(30.6) 120(39.9) 107(35.5) 0.024

LM, n (%) 5(1.0) 1(0.3) 2(0.7) 0.568

Number. of target vessels 1.11£0.35 1.17£0.43 1.16+0.39 0.058

PTCA, n (%) 25(4.9) 19(6.3) 15(5.0) 0.659

Number. of stents implanted 1(1,2) 1(1,2) 1(1,2) 0.042

Note: Data are expressed as mean * SD, median with 25th and 75th percentiles, or n (%).

Abbreviations: PTCA, percutaneous transluminal coronary angioplasty; LM, left main; STEMI, ST-elevation myo-
cardial infarction; NSTEMI, non-ST-elevation myocardial infarction; LAD, left anterior descending branch; LCX, left
circumflex branch of the coronary artery; RAC, right coronary artery.

HbAlc, and Hs-CRP levels (all p<0.05), while the Pre-DM and DM groups had lower LVEF and creatinine levels (all
p<0.001). Interestingly, we found that the smoking rate was the highest in the NGM group (72.6%; n=371). Moreover,
we observed a higher incidence of ST-elevation myocardial infarction (STEMI) in the pre-DM and DM groups, whereas
acute non-ST-elevation myocardial infarction (NSTEMI) had the highest incidence in the NGM group. The baseline
Grace and Gensini scores were not significantly different between groups. Nevertheless, regarding angiographic stenosis,
the proportion of single-vessel lesions and left main stem lesions decreased progressively in the groups (P=0.004).
Among the three groups, the DM group had the highest proportion of triple-vessel lesions (34.9%, n=105) and the pre-
DM group had the highest proportion of double-vessel lesions (38.9%, n=117). In terms of target vessels, the NMG group
had the highest proportion of left anterior descending artery lesions (61.8%, n=315), whereas the circumflex and right
coronary arteries had the highest proportions in the pre-DM group (27.6% and 39.9%, respectively). The three groups
had similar stent implantation rates. Beta blockers were sequentially elevated in all three groups (p<0.001). There were
no statistically significant differences in the number of target vessels, percutaneous transluminal coronary angioplasty
(PTCA), HDL-C, LDL-C, TC, family history of CAD, or other drug treatments between the three groups.

The Relationship Between Glucose Metabolism and Prognosis of New-Onset Acute

Coronary Syndrome in Young Patients

During the median follow-up period of 65 months, 28.1% (n=312) of the patients experienced adverse cardiovas-
cular events. The incidence rates of MACE, Death, MI and stroke, and all-cause death during the period of follow-
up were higher in the three groups (NGM, Pre-DM, and DM) (MACE:23.5%, 29.2%, and 34.6%, P=0.003; Death,
MI and stroke:5.7%, 8.0%, 9.6%, P=0.056; all-cause death:0.6%, 1.3%, 2.7%, P=0.048, Table 3). In the Univariate
Cox regression analysis, pre-DM was confirmed to be related to the incidence of MACE (Hazard Ratio (HR):1.38,
95% confidence interval (CI):1.05-1.83, p=0.023, Table 4) and hard endpoint events (HR, 1.69; 95% CI:0.97-2.96,
p=0.064; Table 3). Compared to NMG, DM was confirmed to be related to outcomes (all p < 0.05). Furthermore,
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Table 3 Clinical Outcomes of Young Patients with ACS During the

Follow-Up
NMG Pre-DM DM P
(n=511) (n=301) (n=301)
MACE 120(23.5) 88(29.2) 104(34.6) 0.003
Death, Ml and stroke 27(5.3) 24(8.0) 29(9.6) 0.056
All-cause death 3(0.6) 4(1.3) 8(2.7) 0.047
M 19(3.7) 17(5.6) 16(5.3) 0.374
Stroke 8(1.6) 4(1.3) 8(2.7) 0.408
Re-revascularization 92(18.0) 62(20.6) 74(24.6) 0.080

Abbreviations: NMG, normal glucose metabolism; pre-DM, prediabetes; DM, diabetes
mellitus; MACE, major adverse cardiovascular events; Death, Ml and stroke, the composite
of all-cause death, myocardial infraction and stroke; Ml, myocardial infarction.

Table 4 Univariate and Multivariate Cox Regression Analysis of Events
According to Glucose or HbAIc on Admission

COX Univariate Multivariate

HR (95% CI) P HR (95% CI) P
MACE
NMG | (Reference) .. I (Reference) ..
Pre-DM 1.38(1.05-1.83) 0.023 1.38(1.03-1.84) 0.030
DM 1.65(1.27-2.16) <0.001 1.71(1.29-2.26) <0.001
Death, Ml and stroke
NMG I (Reference) I (Reference) ..
Pre-DM 1.69(0.97-2.96) 0.064 1.92(1.05-3.49) 0.034
DM 1.93(1.14-3.28) 0.015 2.22(1.25-3.95) 0.007
MACE
Pre-DM I (Reference) I (Reference)
NMG 0.72(0.55-0.96) 0.024 0.73(0.54-0.97) 0.030
DM 1.20(0.90-1.60) 0.225 1.24(0.92-1.67) 0.162
Death, Ml and stroke
Pre-DM I (Reference) I (Reference)
NMG 0.59(0.34-1.03) 0.065 0.52(0.29-0.95) 0.034
DM 1.14(0.66—1.98) 0.641 1.16(0.65-2.09) 0.620

Notes: Multivariate analysis: age, hypertension, dyslipidemia, Gensini score, low-density lipoprotein
cholesterol, high-density lipoprotein cholesterol, triglyceride, and creatinine levels.

Abbreviations: HR, hazard ratio; Cl, confidence interval; NMG, normal metabolic glucose; pre-DM,
prediabetes; DM, diabetes mellitus; MACE, major adverse cardiovascular events. Death, MI and
stroke, the composite of all-cause death, myocardial infraction and stroke.

after adjusting for potential confounders including age, hypertension, dyslipidemia, Gensini Score, LDL-C, HDL-C,
TG, and creatinine, both pre-DM and DM were independent predictors of MACE and Death, MI and stroke
(HR:1.38, 95% CI 1.05-1.83, P=0.023, HR:1.65, 95% CI 1.27-2.16, P<0.001; HR:1.65,95% CI 1.27-2.16,
P<0.001, HR:1.93, 95% CI 1.14-3.28, P=0.015, respectively, Table 4). No significant differences were observed
between the pre-DM and the DM groups. In the Kaplan-Meier analysis, pre-DM showed adverse prognosis in
MACE (log-rank p =0.002, Figure 2A), Death, MI and stroke (log-rank p=0.014, Figure 2B), all-cause death (log-
rank p=0.008, Figure 2C), repeat revascularization (log-rank p=0.007, Figure 2D), myocardial infarction (log-rank
p=0.071, Figure 2E), and stroke (log-rank p=0.007, Figure 2F).
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Figure 2 Kaplan-Meier survival curve for MACE (A), Death, Ml and Stroke (B), All-cause death (C), Myocardial infraction (D), Repeat revascularization (E) and Stroke (F).
Abbreviations: NMG, normal metabolism glucose; pre-DM, prediabetes; DM, diabetes mellitus. MACE, major adverse cardiovascular events; Death, Ml and stroke, the
composite of all-cause death, myocardial infraction and stroke.

Discussion

The present study is the first to investigate the association between pre-DM and long-term clinical prognosis in patients
aged < 45 years with new-onset ACS who underwent PCI. The major findings of this study are as follows: First, pre-DM
was present in 27% of young patients who first presented with ACS at < 45 years of age. Second, patients with pre-DM
or DM at admission had a higher risk of long-term MACE after PCI than did those with NGM. Third, pre-DM had
a similar impact on MACE as DM did in young patients with ACS. These results indicate that the routine assessment of
glycemic metabolism may contribute to the early identification of pre-DM and thus facilitate risk stratification in young
patients with ACS. Furthermore, effective measures should be taken to reverse the pre-DM state to normoglycemia to
reduce the corresponding cardiovascular risk.

Pre-DM is an intermediate stage between NGM and DM, affecting nearly 720 million individuals worldwide by
2021." The prevalence of pre-DM is increasing around the world, and the prevalence of pre-DM is 27.8% in young
individuals.'? The prevalence of pre-DM in young patients undergoing coronary angiography (CAG) was reported higher
than in the normal population. A retrospective study found that pre-DM was present in 36.5% of young patients
undergoing CAG."" However, only few data are available concerning the prevalence of pre-DM in young patients
with CAD. Prediabetes can enhance cardiovascular disease risk by 20% and is related to the increase of incidence of
ACS. Among patients with STEMI aged < 45 years, the incidence of pre-DM was 33%.'* Similar with DM patients,
gender, dyslipidemia, hypertension, and obesity may increase the risk of ACS in patients with Pre-DM. In the present
study, the age range of young individuals was confined to 18—45 years to determine the prevalence of pre-DM. The
results showed that pre-DM accounted for 27% of the patients aged < 45 years with new-onset ACS. The relatively high
prevalence of pre-DM highlights the importance of routine screening among young patients who present with ACS.

Previous studies have explored the relationship between pre-DM and cardiovascular events in patients after acute
coronary events. Many studies have confirmed that pre-DM is independently associated with MACE. Patients with pre-DM
(OGTT) had an increased MACE risk at an average age of 63.5 years with a median follow-up of 34 months.® Timmer et al
demonstrated that pre-DM was related to poor prognosis for STEMI patients with STEMI with a mean age of 62 years who
underwent PCL"> A US study revealed that among patients with ACS and a median age of 75 years, pre-DM did not
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increase the risk of 28-days or 1-year death but was associated with 12-month acute coronary syndrome recurrence.'® Gao
et al suggested that pre-DM increased the risk of MACE in patients with myocardial infarction with non-obstructive
coronary arteries (MINOCA) and a mean age of 58 years.'” All these findings suggested that pre-DM may be an
independent predictor of MACE in patients with ACS.

Contrary to these studies, several failed to find a significant association between pre-DM and prognosis in patients
with ACS. The EARLY ACS trial enrolled 8795 ACS patients, with an average age of 67.5 years, suggesting that pre-DM
(by ADA) was a predictor of 30-days death, but did not increase the risk of 1-year mortality.'® Xue et al suggested that
pre-DM was not related to an increased risk of ACS readmission.'” But it defined pre-DM by HblAc of 6.0% to 6.4%,
which may result in some pre-DM patients being included in the NGM by mistake, and this study enrolled ACS patients
with a mean age of 65.9 years. In the PLATelet inhibition and patient Outcomes (PLATO) trial, Akerblom et al proposed
that pre-DM, defined by an HbAlc of 5.7% to 6.4%, was not a negative predictor of MACE in ACS patients of similar
age.”’ The TARTEMIS Study enrolled patients with CAD, and a mean age of 69 years suggested that pre-DM, defined by
an FBP of 6.1 mmol/L to 7.0 mmol/L, had no significant statistical difference for MACE (cardiac death, heart failure, and
ACS) compared with NGM.?' This study only used FPG to diagnose pre-DM, which would have missed a proportion of
patients with IGT, leading to an underestimation of the prevalence of pre-DM. An Analysis from the PROSPECT Study
indicated that pre-DM was not associated with MACE in patients with ACS.?? Differences in sample size, duration of the
follow-up period, baseline characteristics, or diagnostic criteria for pre-DM may have led to the opposite results.

Young age is associated with an increased incidence of pre-DM in patients undergoing CAG. Therefore, it is
important to clarify the role of pre-DM in young patients with established CAD. To date, no study has specifically
probed the association between pre-DM and cardiovascular outcomes in individuals aged <45 years with ACS who have
undergone PCI. The present study extended previous findings to young patients whose recurrent cardiovascular outcomes
were not significantly improved using contemporary preventive strategies. An enhanced risk of MACE was observed in
patients with pre-DM during the follow-up. Moreover, after controlling for potential confounders, the pre-DM status
remained independently predictive of adverse cardiovascular outcomes. These outcomes underlined that pre-DM
increases the risk of recurrent events in patients with acute coronary events. More importantly, pre-DM conferred
a similar magnitude of risk to established DM for the development of adverse cardiovascular events among young
patients with ACS. Therefore, pre-DM may be a stronger cardiovascular risk factor in young ACS patients. These
findings highlight the importance of monitoring blood glucose levels and maintaining normoglycemia in young ACS
patients.

The exact mechanisms underlying the negative impact of pre-DM on MACE in young patients with ACS undergoing
PCI remain unclear. The higher incidence of conventional cardiovascular risk factors in the pre-DM group than that in the
NGM group may partly contribute to this association. However, after adjusting for traditional risk factors, the association
between pre-DM and MACE remained, suggesting the involvement of other factors. Hyperglycemia can damage
endothelial and microvascular functions, resulting in a larger infarct area, reduced functional recovery, increased platelet
aggregation, and stimulation of coagulation,”® both of which lead to an elevated risk of MACE. Insulin resistance and
activated inflammatory response mediated by pre-DM may be implicated in the rapid progression of atherosclerosis.?*
Furthermore, compared with non-diabetic patients, coronary atherosclerosis burden is more advanced in patients with
pre-DM.*® Patients with pre-DM may have a smaller coronary size and diffuser coronary stenosis than those with
normoglycemia.?® In addition, the possibility that the association between pre-DM and poor prognosis was driven by the
progression of pre-DM to DM cannot be ruled out. Nevertheless, pre-DM had a similar impact on MACE as DM did in
this study. Further research is required to clarify the exact mechanism underlying the association between pre-DM and
cardiovascular events after ACS.

Studies have demonstrated that reversing from pre-DM to normoglycemia may reduce the corresponding cardiovas-
cular risk.”” However, no specific medication has been approved by guidelines for pre-DM prevention. Lifestyle
modifications, including weight loss and exercise, have been recommended as the preferred initial approach after
a diagnosis of pre-DM.?® Metformin is effective in decreasing the risk of diabetes among individuals with pre-DM.*
New hypoglycemic drugs, such as SGL-2 inhibitors and GLP-1 agonists, have been demonstrated to reduce cardiovas-
cular risk in patients with DM,® but whether these drugs have the same benefits in patients with pre-DM needs further
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investigation. Hence, it is important to explore new prevention and control measures for the high prevalence and
importance of pre-DM in young patients with ACS.

This study was the first focus on the relationship between prediabetes and long-term outcomes in young patients with
ACS. However, it had several limitations. First, because patients with ACS are in a stressful state, their blood glucose
levels during hospitalization may be elevated, which could lead to deviations in specific grouping. Second, this study had
a long follow-up period; therefore, some prediabetes patients may have progressed to diabetes during the follow-up
period. The increased risk of MACE cannot be excluded because of the conversion of pre-diabetes to diabetes; therefore,
further studies are recommended to follow the changes in pre-DM in young patients with ACS who underwent PCI.
Third, this was a single-center study with a low event rate, which may lead to exaggerated results; therefore, further
multicenter prospective studies are needed. Finally, because the selected patients in this study did not undergo a 2-hour
OGTT examination, we were unable to further analyze the impact of pre-DM on the long-term prognosis of ACS.

Conclusion

In conclusion, pre-DM was common among patients aged< 45 years with new-onset ACS. Pre-DM was associated with
an enhanced risk of future MACE compared with NGM. These findings highlight the need for more effective therapeutic
strategies to prevent adverse cardiovascular events in young patients with pre-DM.

Ethics Approval and Consent to Participate

The study protocol was approved by the Medical Ethics Committee of Tianjin Chest Hospital (IRB number: 2023LW-
008). The study was conducted in accordance with the Declaration of Helsinki and all patients provided written informed
consent.

Funding
This study was funded by the Project of Science and Technology of Tianjin Health Commission in 2022 (No.
TIWIJ2022MS035).

Disclosure
The authors declare that they have no known competing financial interests or personal relationships that could influence
the work reported in this study.

References

1. Kannel WB, Abbott RD. Incidence and prognosis of unrecognized myocardial infarction. An update on the Framingham study. N Engl J Med.
1984;311(18):1144-1147. doi:10.1056/NEJM198411013111802
2. Han T, Wang Q, Yang H, et al. Risk factors for repeat percutaneous coronary intervention in young patients (<45 years of age) with acute coronary
syndrome. Peer.J. 2019;7:¢6804. doi:10.7717/peerj.6804
3. Yandrapalli S, Nabors C, Goyal A, et al. Modifiable risk factors in young adults with first myocardial infarction. J Am Coll Cardiol. 2019;73
(5):573-584. doi:10.1016/j.jacc.2018.10.084
4. Tabak AG, Jokela M, Akbaraly TN, et al. Trajectories of glycaemia, insulin sensitivity, and insulin secretion before diagnosis of type 2 diabetes: an
analysis from the Whitehall II study. Lancet. 2009;373(9682):2215-2221. doi:10.1016/S0140-6736(09)60619-X
5. Colagiuri S. The prevalence of abnormal glucose regulation in patients with coronary artery disease across Europe. Eur Heart J. 2004;25
(21):1861-1862. doi:10.1016/j.ehj.2004.09.002
6. Norhammar A, Tenerz A, Nilsson G, et al. Glucose metabolism in patients with acute myocardial infarction and no previous diagnosis of diabetes
mellitus: a prospective study. Lancet. 2002;359(9324):2140-2144. doi:10.1016/S0140-6736(02)09089-X
7. Hollander P, Spellman C. Controversies in prediabetes: do we have a diagnosis? Postgrad Med. 2012;124(4):109-118. doi:10.3810/
pgm.2012.07.2562
8. Cosentino F, Grant PJ, Aboyans V, et al. 2019 ESC Guidelines on diabetes, pre-diabetes, and cardiovascular diseases developed in collaboration
with the EASD. Eur Heart J. 2020;41(2):255-323. doi:10.1093/eurheartj/ehz486
9. Balakrishnan R, Berger JS, Tully L, et al. Prevalence of unrecognized diabetes, prediabetes and metabolic syndrome in patients undergoing elective
percutaneous coronary intervention. Diabetes Metab Res Rev. 2015;31(6):603—609. doi:10.1002/dmrr.2646
10. Chattopadhyay S, George A, John J, et al. Pre-diabetes mellitus newly diagnosed after myocardial infarction adversely affects prognosis in patients
without known diabetes. Diab Vasc Dis Res. 2019;16(6):489—497. doi:10.1177/1479164119845561
11. He Y, Lu H, Ling Y, et al. Prediabetes and all-cause mortality in young patients undergoing coronary artery angiography: a multicenter cohort study
in China. Cardiovasc Diabetol. 2023;22(1):42. doi:10.1186/512933-023-01776-w

Diabetes, Metabolic Syndrome and Obesity 2023:16 heeps: 3221

Dove:


https://doi.org/10.1056/NEJM198411013111802
https://doi.org/10.7717/peerj.6804
https://doi.org/10.1016/j.jacc.2018.10.084
https://doi.org/10.1016/S0140-6736(09)60619-X
https://doi.org/10.1016/j.ehj.2004.09.002
https://doi.org/10.1016/S0140-6736(02)09089-X
https://doi.org/10.3810/pgm.2012.07.2562
https://doi.org/10.3810/pgm.2012.07.2562
https://doi.org/10.1093/eurheartj/ehz486
https://doi.org/10.1002/dmrr.2646
https://doi.org/10.1177/1479164119845561
https://doi.org/10.1186/s12933-023-01776-w
https://www.dovepress.com
https://www.dovepress.com

et al Dove

20.

21.

22.

23.

24.

25.

26.

217.

28.

29.

. American Diabetes Association. 2. classification and diagnosis of diabetes: standards of medical care in diabetes—2019. Diabetes Care. 2019;42

(Supplement_1):S13-S28. doi:10.2337/dc19-S002

. Echouffo-Tcheugui JB, Perreault L, Ji L, et al. Diagnosis and management of prediabetes: a review. JAMA. 2023;329(14):1206-1216. doi:10.1001/

jama.2023.4063

. Hermanides RS, Kennedy MW, Kedhi E, et al. Impact of elevated HbAlc on long-term mortality in patients presenting with acute myocardial

infarction in daily clinical practice: insights from a ‘real world’ prospective registry of the Zwolle Myocardial Infarction Study Group. Eur Heart
J Acute Cardiovasc Care. 2020;9(6):616-625. doi:10.1177/2048872619849921

. Timmer JR, Hoekstra M, Nijsten MW, et al. Prognostic value of admission glycosylated hemoglobin and glucose in nondiabetic patients with

ST-segment-elevation myocardial infarction treated with percutaneous coronary intervention. Circulation. 2011;124(6):704-711. doi:10.1161/
CIRCULATIONAHA.110.985911

. Mahendran DC, Hamilton G, Weiss J, et al. Prevalence of pre-existing dysglycaemia among inpatients with acute coronary syndrome and

associations with outcomes. Diabetes Res Clin Pract. 2019;154:130-137. doi:10.1016/j.diabres.2019.07.002

.Gao S, Ma W, Huang S, et al. Impact of prediabetes on long-term cardiovascular outcomes in patients with myocardial infarction with

nonobstructive coronary arteries. Diabetol Metab Syndr. 2021;13(1):103. doi:10.1186/s13098-021-00721-9

. Giraldez RR, Clare RM, Lopes RD, et al. Prevalence and clinical outcomes of undiagnosed diabetes mellitus and prediabetes among patients with

high-risk non-ST-segment elevation acute coronary syndrome. Am Heart J. 2013;165(6):918-25.€2. doi:10.1016/j.ahj.2013.01.005

. Xue M, Dutton H, Amaout A. Effects of prediabetes on long-term risk of developing cardiac events in patients presenting with acute coronary

syndrome. Can J Diabetes. 2023;47(6):490-496. doi:10.1016/j.jcjd.2023.04.014

Akerblom A, Wojdyla D, Steg PG, et al. Prevalence and relevance of abnormal glucose metabolism in acute coronary syndromes: insights from the
PLATelet inhibition and patient Outcomes (PLATO) trial. J Thromb Thrombolysis. 2019;48(4):563-569. doi:10.1007/s11239-019-01938-2
Kiviniemi AM, Lepojérvi ES, Tulppo MP, et al. Prediabetes and risk for cardiac death among patients with coronary artery disease: the ARTEMIS
Study. Diabetes Care. 2019;42(7):1319-1325. doi:10.2337/dc18-2549

Farhan S, Redfors B, Machara A, et al. Impact of pre-diabetes on coronary plaque composition and clinical outcome in patients with acute coronary
syndromes: an analysis from the PROSPECT study. JACC Cardiovasc Imaging. 2019;12(4):733-741. doi:10.1016/j.jcmg.2017.06.023

Li Y, Woo V, Bose R. Platelet hyperactivity and abnormal Ca 2+ homeostasis in diabetes mellitus. Am J Physiol Heart Circ Physiol. 2001;280(4):
H1480-H1489. doi:10.1152/ajpheart.2001.280.4.H1480

Inoue T, Croce K, Morooka T, et al. Vascular inflammation and repair: implications for re-endothelialization, restenosis, and stent thrombosis.
JACC Cardiovasc Interv. 2011;4(10):1057-1066. doi:10.1016/j.jcin.2011.05.025

Amano T, Matsubara T, Uetani T, et al. Abnormal glucose regulation is associated with lipid-rich coronary plaque: relationship to insulin resistance.
JACC Cardiovasc Imaging. 2008;1(1):39-45. doi:10.1016/j.jcmg.2007.09.003

Ertan C, Ozeke O, Gul M, et al. Association of prediabetes with diffuse coronary narrowing and small-vessel disease. J Cardiol. 2014;63(1):29-34.
doi:10.1016/j.jjcc.2013.06.015

Vistisen D, Kiviméki M, Perreault L, et al. Reversion from prediabetes to normoglycaemia and risk of cardiovascular disease and mortality: the
Whitehall IT cohort study. Diabetologia. 2019;62(8):1385-1390. doi:10.1007/s00125-019-4895-0

Knowler WC, Fowler SE, Hamman RF, et al. 10-year follow-up of diabetes incidence and weight loss in the Diabetes Prevention Program
Outcomes Study. Lancet. 2009;374:1677-1686.

Nathan DM, Davidson MB, DeFronzo RA, et al. Impaired fasting glucose and impaired glucose tolerance: implications for care. Diabetes Care.
2007;30(3):753-759. doi:10.2337/dc07-9920

Diabetes, Metabolic Syndrome and Obesity Dove

Publish your work in this journal

Diabetes, Metabolic Syndrome and Obesity is an international, peer-reviewed open-access journal committed to the rapid publication of the
latest laboratory and clinical findings in the fields of diabetes, metabolic syndrome and obesity research. Original research, review, case reports,
hypothesis formation, expert opinion and commentaries are all considered for publication. The manuscript management system is completely
online and includes a very quick and fair peer-review system, which is all easy to use. Visit http://www.dovepress.com/testimonials.php to
read real quotes from published authors.

Submit your manuscript here: https://www.dovepress.com/diabetes-metabolic-syndrome-and-obesity-journal

3222 n : in u Dove Diabetes, Metabolic Syndrome and Obesity 2023:16


https://doi.org/10.2337/dc19-S002
https://doi.org/10.1001/jama.2023.4063
https://doi.org/10.1001/jama.2023.4063
https://doi.org/10.1177/2048872619849921
https://doi.org/10.1161/CIRCULATIONAHA.110.985911
https://doi.org/10.1161/CIRCULATIONAHA.110.985911
https://doi.org/10.1016/j.diabres.2019.07.002
https://doi.org/10.1186/s13098-021-00721-9
https://doi.org/10.1016/j.ahj.2013.01.005
https://doi.org/10.1016/j.jcjd.2023.04.014
https://doi.org/10.1007/s11239-019-01938-2
https://doi.org/10.2337/dc18-2549
https://doi.org/10.1016/j.jcmg.2017.06.023
https://doi.org/10.1152/ajpheart.2001.280.4.H1480
https://doi.org/10.1016/j.jcin.2011.05.025
https://doi.org/10.1016/j.jcmg.2007.09.003
https://doi.org/10.1016/j.jjcc.2013.06.015
https://doi.org/10.1007/s00125-019-4895-0
https://doi.org/10.2337/dc07-9920
https://www.dovepress.com
http://www.dovepress.com/testimonials.php
https://www.facebook.com/DoveMedicalPress/
https://twitter.com/dovepress
https://www.linkedin.com/company/dove-medical-press
https://www.youtube.com/user/dovepress
https://www.dovepress.com
https://www.dovepress.com

	Introduction
	Methods
	Study Populations
	Clinical Definition
	Clinical and Laboratory Analysis
	Follow Up
	Statistical Analysis

	Results
	Baseline Characteristics
	The Relationship Between Glucose Metabolism and Prognosis of New-Onset Acute Coronary Syndrome in Young Patients

	Discussion
	Conclusion
	Ethics Approval and Consent to Participate
	Funding
	Disclosure

