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Background: The effects of metabolic syndrome (MS) on premature myocardial infarction
(PMI) are not clear to date. This study aimed to investigate the impact of MS and its
components on clinical severity and long-term prognosis in patients with PMI.

Methods: We enrolled 772 patients aged ≤45 years old who were diagnosed with acute
myocardial infarction (AMI) at our hospital consecutively between 2015 and 2020. The
patients were divided into an MS group and non-MS group. The parameters of clinical
severity were compared using regression analysis. Patients were followed for median of
42 months for major adverse cardiovascular events (MACE).

Results: Hyperglycemia was associated with multi-vessel disease [odds ratio(OR)
=1.700, 95% confidence interval (CI)=1.172-2.464, P=0.005] and Syntax score ≥33
(OR=2.736, 95% CI=1.241-6.032, P=0.013). Increased MACE were observed in the MS
group(17.9% vs 10.3%, P=0.004).The Kaplan-Meier curve also showed significant
differences (P< 0.001). MS was an independent risk factor for MACE. Of each
component of MS, BMI ≥28 kg/m2 (hazard ratio [HR]=2.022, 95% CI =1.213-3.369,
P=0.007] and hyperglycemia (HR=2.904, 95% CI=1.847-4.567, P<0.001) were
independent risk factors for MACE.

Conclusions: In patients with PMI, 1) hyperglycemia usually indicates more severe
lesions; 2) MS as a whole was an independent risk factor for MACE; 3) BMI ≥28.0 kg/
m2 and hyperglycemia were associated with MACE.

Keywords: metabolic syndrome, premature myocardial infarction, clinical severity, long-term prognosis, MACE
INTRODUCTION

Metabolic syndrome (MS) is classified as a collection of risk factors, including hyperglycemia,
atherogenic dyslipidemia, central obesity, hypertension, prothrombotic and proinflammatory states,
that increase the risk of coronary artery disease (CAD), cardiovascular disease (CVD) and diabetes
mellitus type 2 (1). It is estimated that MS affects about 1/4 of the global population and has become
a major threat to public health in contemporary society (2).
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With the rapid development of the social economy, the
lifestyle of young people has also undergone great changes,
including that lack of exercise, irregular eating habits. And
also, often staying up late has become a common phenomenon
among today’s young people. As a result, the population of
obesity and hyperglycemia in China is increasing year by year,
while both of them are important components of MS. Therefore,
the individuals with MS are more likely to be younger (3). MS is
highly prevalent in younger adults (<45 years) with acute
myocardial infarction(AMI) (4–6). At the same time, the
prevalence and mortality of myocardial infarction also follows
a younger trend (7–10).This indicates that MS may play an
important role in the development of AMI in this population. At
present, no unified standard has been established on the age limit
of premature myocardial infarction(PMI) at home and abroad,
but most of the existing studies on AMI in younger adults have
set the age at 45 years (11–13), so this study includes the adult
population below the cut-off point of 45 years.

PMI leads to premature incapacity to work, increases public
health care costs, and creates a huge social and economic burden.
Studies at home and abroad have shown that MS increases the
risk of coronary heart disease and death, and is associated with a
poor prognosis and occurrence of MACE in patients aged >45
years with AMI (3, 14–17). Moreover, few studies have focused
on the impact of MS on the severity of AMI lesions in patients
>45 years of age, and the results are also different (14, 18).
However, there is a lack of research on the effect of MS on PMI
(≤45 years). Therefore, the purpose of this study was to
investigate the impact of MS and its components on the
severity of coronary artery lesions and long-term prognosis in
patients with PMI.
METHODS

Study Design and Participants
Consecutive patients ≤45 years of age who were diagnosed with
AMI in Tianjin Chest Hospital from 2015 to 2020 were included.
We diagnosed AMI according to the fourth edition of the global
definition of myocardial infarction (19): Clinical evidence of
acute myocardial injury accompanied by acute myocardial
ischemia, that is, cTn is detected to be worthy of increase and
or decrease (at least once exceeding the upper limit of 99
percentile),and at least one of the following: 1) symptoms of
myocardial ischemia; 2) new ischemic ECG changes; 3)
pathological Q waves; 4) imaging evidence that new patterns of
myocardial inactivation or new focal wall motion abnormalities
are consistent with ischemic pathological changes; and 5)
coronary thrombosis found by radiography or autopsy. After
excluding patients with severe liver or kidney diseases, malignant
tumors and lack of diagnostic data related to MS, 772 patients
were finally included.

Ethical Considerations
The study protocol was approved by the Internal Review Board
of Tianjin Chest Hospital (No. 2017KY-007-01) and all included
patients provided signed informed consent prior to study
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participation. All procedures performed were in accordance
with the ethical standards of the Helsinki Declaration and its
later amendments, or comparable ethical standards.

Diagnostic Criteria of MS
MS was defined according to the criteria of the 2005 National
Cholesterol Education Program (20). In detail, the definition of MS
requires the existence of any 3 of the following 5 criteria: 1)
Hypertension: blood pressure ≥130/85 mmHg or consistent
hypertensive patients undergoing treatment; 2) Hypertriglyceridemia:
fasting plasma triglyceride ≥1.7 mmol/L; 3) Fasting HDL -cholesterol
<1.0 mmol/L in men and <1.3 mmol/L in women. 4) Hyperglycemia:
fasting blood glucose level ≥6.1 mmol/L or known diabetic patients
undergoing treatment; 5) Central obesity: waist circumference >90 cm
for men and >80 cm for women. Since the waist circumference of the
patient was not measured in this study, we used BMI ≥28.0 kg/m2 as
the diagnostic criterion of obesity as proposed by theworking group on
obesity in China (WGOC) (21).

Clinical and Biochemical Measurements
The basic data of sex, age, BMI and medical history of all patients
were recorded on admission, and the admission conditions of the
patients were evaluated, including sitting blood pressure
(measured by senior doctors on the non-dominant arm
supported by the heart level), Killip class and the type of AMI.
The emergency laboratory indexes of admission (hypersensitive
troponin T, CK, CK-MB, etc.) were recorded. After fasting
overnight for 12 hours, fasting blood glucose (FBG),
triglyceride (TG), high density lipoprotein cholesterol (HDL-
C), low density lipoprotein cholesterol (LDL-C) and total
cholesterol were measured. Coronary angiography and PCI
were performed by an independent physician with qualification
for coronary artery diagnosis and treatment in Tianjin Chest
Hospital and multi-position projection head position was used in
coronary angiography. Postoperative antiplatelet therapy with
aspirin 100 mg/d and clopidogrel 75 mg/d or ticagrelor 90 mg
twice per day was recommended for at least one year. The Syntax
score, which is widely used to evaluate the severity of coronary
artery disease, as well as to guide risk stratification and
revascularization strategies in patients with coronary heart
disease (22), was calculated for the present study by two or
more physicians with experience performing percutaneous
coronary intervention (PCI) who were blinded to the study
and the patient’s condition. For risk stratification of the
severity of the disease based on Syntax scores, patients with
scores ≤ 22 were at low risk, scores 23-32 were at moderate risk,
and those ≥ 33 were at high risk. According to clinical standards
and current echocardiographic guidelines, all patients had at
least one echocardiographic examination in the first week after
AMI (23).

Follow-Up and Outcomes
The patients were followed after discharge by telephone and/or
by interview after the initial appointment by trained nurses or
cardiologists blinded to laboratory test results, The average
follow-up time was 42 months. The end points were defined as
MACE, which was a composite outcome consisting target vessel
June 2022 | Volume 13 | Article 920470
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revascularization (TVR), re-hospitalization for heart failure
(HF), cardiac death, recurrent myocardial infarction and
stroke. TVR is defined as ischemic symptoms or event-driven
revascularization of any lesion, including PCI and CABG, which
is unplanned. Heart failure was diagnosed according to the
guidelines from the European Society of Cardiology (24).
Cardiac death is mainly caused by sudden cardiac death,
congestive heart failure, AMI, severe arrhythmia, stroke or
other structural/functional heart diseases. Myocardial
infarction was diagnosed comprehensively by symptoms such
as chest pain, changes in myocardial enzymes and
electrocardiogram results. Stroke was defined as acute cerebral
infarction according to imaging results or typical symptoms. All
outcomes were adjudicated centrally by two independent
cardiologists, and any disagreement was resolved by consensus.

Statistical Analysis
Continuous variables were tested for normality using the
Kolmogorov-Smirnov test. The continuous data of normal
distribution were expressed as mean ± standard deviation, the
comparison between the two groups was performed by
independent student t test, the continuous data of skewness
distribution was expressed by M (Q1 ~ Q3), and the comparison
between the two groups was performed by Mann Whitney U test.
The categorical data were expressed as frequency and percentage,
and the comparison between the two groups was made by Chi-
square test or Fisher exact probability method (when the theoretical
frequency< 1 or the number of cases <40). Multivariate logistic
regression model was used to analyze the effects of MS and its
components on lesion severity. The survival curves of MS patients
and non-MS patients were drawn using the Kaplan-Meier method
andwere comparedwith the logarithmic rank test. Coxproportional
hazards models were adjusted for age, sex, smoking history, family
history of coronary heart disease, Killip ≥II, left ventricular ejection
fraction (LVEF)< 40%, Syntax score ≥33, multi-vessel disease, PCI,
the use of ACEI/ARB and Beta-blocker. The hazard ratios (HR) of
MS and its five components were calculated to evaluate their effects
onMACE. To evaluate the incremental prognostic value ofMS and
two of its components (BMI ≥28.0 kg/m2, hyperglycemia) on
MACE, we established model 1 (basic model) to include the above
11 variables. Model 2a includes basic model + BMI ≥28.0 kg/m2.
Model 2b includes variables in the basic model plus hyperglycemia.
Model 3 includes the basic model + MS, we compared the AUC
difference, calculate NRI,(Net Reclassification) and IDI(Integrated
Discrimination Improvement)between①model3andmodel2aand
② model 3 and model 2b. Bilateral P <0.05 was established as
statistical significance. All statistical analyses were determined using
SPSS software version 26.0 (IBM SPSS Statistics, Chicago, IL, USA)
and R software (version 4.2.0).
RESULTS

Comparison of Baseline Characteristics
After excluding patients with severe liver or kidney diseases,
malignant tumors and lack of diagnostic data related to MS, 772
patients were finally included. As shown in Table 1, among the
Frontiers in Endocrinology | www.frontiersin.org 3
772 patients included in this study, 417 (54%) met the diagnostic
criteria of MS and 355 (46%) were in the non-MS group. Males
accounted for the majority of the two groups. Compared with the
non-MS group, the MS group had more history of diabetes,
hypertension, smoking and chronic kidney disease. In terms of
MS and its components, the BMI value of the MS group
was higher than that of the non-MS group, and the
proportion of BMI ≥ 28.0 kg/m2, hypertension, hyperglycemia,
hypertriglyceridemia and low HDL-C was significantly higher
than that of the non-MS group (P< 0.001) (Supplementary
Figure). In the MS group, the most common MS component
was hypertension (90.2%), followed by low HDL-C (89%),
hypertriglyceridemia (88.2%), hyperglycemia (65.2%) and BMI
≥28.0 kg/m2 (24.5%) (Supplementary Figure). On admission,
systolic and diastolic blood pressure values were higher in the MS
group than in the non-MS group. For type of MI, NSTEMI was
the most common type in the MS group (32.1% vs 22.5%,
P=0.003), while STEMI was more frequent in the non-MS
group (77.5% vs 67.9%, P=0.003). Among laboratory indexes,
the levels of fasting glucose, hypersensitive C-reactive protein,
total cholesterol and triglyceride were higher in the MS group
than those in the non-MS group, while the level of HDL-C in the
MS group was significantly lower than that in non-MS group.

Coronary Angiography and Treatment
Among the 772 patients, 726 (94%) underwent CAG. In terms of
treatment, 112 (14.5%) patients received conservative drug
therapy, 11 (1.4%) patients received thrombolytic therapy, and
12 (1.6%) patients underwent CABG; a total of 637 (82.5%)
patients received percutaneous coronary intervention (PCI).
There was no significant difference in the above treatments
between MS group and non-MS group(P>0.05). Among the
patients undergoing CAG, single-vessel disease was dominant in
the non-MS group (45.5% vs 37.3%, P=0.026), and the proportion
of three-vessel disease and multi-vessel disease in the MS group
was significantly higher than that in the non-MS group (32.0% vs
24.4%, P=0.024; 62.7% vs 54.5%, P=0.026). No differences were
noted in Syntax scores between the two groups (Table 1).

Comparison of Logistic Regression
Analysis of Clinical Severity Between the
Two Groups
Multi-vessel disease and Syntax scores ≥33 were taken as
dependent variables, MS and its five components were divided
into independent variables for univariate and multivariate
Logistic regression analysis (Figure 1). The results suggest that
hyperglycemia is an independent risk factor for multi-vessel
disease in the multivariate regression model (OR=1.700, 95%
CI=1.172-2.464, P=0.005) (Figure 1A). In the multivariate
regression model with Syntax scores ≥33 as dependent
variables, hyperglycemia was also an independent risk factor
(OR=2.736, 95% CI=1.241-6.032, P=0.013) (Figure 1B).

Comparison of Clinical Prognosis Between
the Two Groups
Patients were followed for median of 42 months for major
adverse cardiovascular events (MACE), a total of 63(8.2%)
June 2022 | Volume 13 | Article 920470
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TABLE 1 | Demographic and clinical characteristics of patients with premature myocardial infarction.
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Variables non-MS group (n = 355) MS group (n

Age (year) 41 (36-43.3) 41 (38-4
Male,n (%) 335 (94.4) 405 (97.
BMI (kg/m2) 24.8 (23.1-26.2) 25.9 (23.9-2
Medical history
History of Diabetes, n, (%) 24 (6.8) 138 (33.
History of Hypertension, n, (%) 112 (31.5) 254 (60.
Previous angina pectoris, n, (%) 75 (21.1) 97 (23.3
History of MI, n, (%) 14 (3.9) 22 (5.3
Family history of CVD,n, (%) 57 (16.1) 60 (14.4
History of smoking,n, (%) 265 (74.4) 339 (81.
History of drinking,n, (%) 155 (43.7) 167 (40
Renal insufficiency,n, (%) 1 (0.3) 9 (2.2)
Previous PCI,n, (%) 11 (3.1) 12 (2.9
Previous CABG,n, (%) 1 (0.1) 2 (0.3)
Cerebrovascular disease,n, (%) 11 (3.1) 13 (3.1
Admission
Systolic blood pressure (mmHg) 120 (110-145) 133 (125-1
Diastolic blood pressure (mmHg) 75 (69.8-87.8) 85.5 (70-9
Killip class
I 343 (96.6) 407 (97.
II 9 (2.5) 6 (1.4)
III 2 (0.6) 3 (0.7)
IV 1 (0.3) 1 (0.2)
Killip ≥II, n, (%) 12 (3.4) 10 (2.4
Type of MI
STEMI, n, (%) 275 (77.5) 283 (67.
NSTEMI, n, (%) 80 (22.5) 134 (32.
Laboratory
LVEF<40%, n, (%) 22 (6.2) 22 (5.3
LVEF (%) 53 (48-58) 53 (47-5
Fasting blood glucose (mmol/L) 5.1 (4.6-5.6) 6.7 (5.3-8
CK (U/L) 1728 (725.3-3064.8) 1599.5 (630.3
CK MB (U/L) 159.5 (47.3-258.3) 122 (52.8-2
Hypersensitive C-reactive protein (mmol/L) 5.3 (2.4-15) 6.3 (3.2-14
Total cholesterol (mmol/L) 4.8 ± 1.2 5.0 ± 1.
Triglyceride (mmol/L) 1.5 (1.2-2.1) 2.5 (2-3.
HDL-C (mmol/L) 1 (0.9-1.2) 0.9 (0.7-0
Hypersensitive troponin T (ug/L) 2.9 (1-5.7) 3.2 (1.1-6
LDL-C (mmol/L) 3.1 (2.5-3.8) 3.2 (2.6-3
CAG and treatment
CAG, n, (%) 332 (93.5) 394 (94.
Conservative treatment, n (%) 51 (14.4) 61 (14.6
Thrombolysis, n (%) 6 (1.7) 5 (1.2)
CABG, n (%) 6 (1.7) 6 (1.4)
PCI, n (%) 292 (82.3) 345 (82.
Severity of coronary artery lesion, n (%)
Single vessel disease 151 (45.5) 147 (37.
Two-vessel disease 90 (27.1) 115 (29.
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people were lost to follow-up. We compared the baseline
characteristics between patients lost to follow-up (n=63) and
all (n=772) patients. The results exhibited that patients’ baseline
characteristics were not significantly different between the two
groups (all P >0.05, Supplementary Table). This shows that the
people who lost follow-up have no effect on the conclusion of this
study. After follow-up, 102 (14.4%) patients had MACE,
including 68 (9.6%) cases of TVR, 20 (2.8%) cases of heart
failure, 10 (1.4%) cases of cardiac death, 33 (4.7%) cases of
recurrent MI, and 7 (1.0%) cases of stroke. A significant
difference was found in the occurrence of MACE between the
MS and non-MS groups (17.9% vs 10.3%, P=0.004), mainly due
to significantly higher TVR and HF in the MS group than in the
non-MS group (12.1% vs 6.7%, P=0.014; 4.7% vs 0.6%, P=0.001)
(Table 2). In addition, AMI patients with prior PCI, prior CABG,
LVEF <40%, high fasting blood glucose, high CK, high CK-MB,
high hs-CRP, high hs-TNT, multi-vessel disease, or Syntax score
≥33 were positively associated with the occurrence of MACE (all
P<0.05, Supplementary Table).

A significant difference was found in the KM curve between
the two groups (P < 0.001) (Figure 2A). Cox regression analysis
showed that MS was an independent risk factor for MACE
(HR=2.082, 95% CI=1.324-3.273, P=0.001), mainly due to the
increased risk of TVR (HR=1.964, 95% CI=1.155-3.340, P=0.013)
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FIGURE 1 | Multivariate logistic regression analysis of impact of MS components
on PMI severity. (A) Effects of MS and its components on multi-vessel disease.
(B) Effects of MS and its components on Syntax score ≥33 Adj OR, adjusted
odds ratio; CI, confidence interval.
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and HF (HR=8.301, 95% CI=1.798 -38.332, P=0.007) (Table 3).
Subsequent COX regression analysis of each component of MS
showed that BMI ≥28.0 kg/m2 (HR=2.022, 95% CI=1.213-3.369,
P =0.007) and hyperglycemia (HR=2.904, 95% CI=1.847-4.567,
P<0.001) were independent risk factors for the occurrence of
MACE (Figure 2B). In addition, LVEF <40% (HR=3.920, 95%
CI=2.113-7.273, P<0.001) and Syntax scores ≥33(HR=2.315, 95%
CI=1.237-4.334, P=0.009) were also independent risk factor for
the occurrence of MACE.

The analysis of the incremental prognostic value of MS and its
components onMACE showed the AUC values of model 1, model
Frontiers in Endocrinology | www.frontiersin.org 6
2a and 2b were 0.6381, 0.6751 and 0.6847, respectively, and the
AUC of model 3 was 0.6665, which indicated that MS, BMI ≥28.0
kg/m2 and hyperglycemia all increased the predictive value of
MACE. Furthermore, the NRI and IDI of AUC between model 3
and model 2a and between model 3 and model 2b were calculated.
The NRI of model 3 vs model 2a and model 3 vs model 2b were
0.0411 and 0.0029 respectively, and the IDI of model 3 vs model 2a
andmodel 3 vs model 2b was 0.008, 0.003, respectively. The results
show that model 3 has better ability to predict MACE than model
2, that is, MS as a whole can better predict the poor prognosis of
people with premature myocardial infarction (Figure 3).
DISCUSSION

Results of the present study highlights that: 1) In the PMI
population of the present study, the prevalence rate of MS was
54%, and males accounted for the majority. NSTEMI was
dominant in the MS group, while STEMI was higher in the
non-MS group; 2) No correlations were found between MS as a
whole and the severity of coronary artery lesions, but
hyperglycemia in the MS components often predicted more
severe coronary heart disease; 3) After median 42 months of
follow-up, the incidence of MACE in the MS group was
significantly higher than that found in the non-MS group, and
MS was an independent risk factor for MACE, especially for the
occurrence of TVR and HF. MS components, including BMI
≥28.0 kg/m2 and hyperglycemia, were independently associated
with the occurrence of MACE in these patients.

MS is common in patients with coronary heart disease,
especially in patients with AMI (15, 17, 25). Myocardial
infarction is now showing a younger trend, affecting adults in
middle age and younger (7–10). Studies have been conducted
previously on the prevalence and distribution of MS components
in people with PMI (4, 26, 27). A case-control study conducted
by Kazemi et al. (26)in the AMI population ≤50 years old found
that the prevalence of MS in the case group was significantly
higher than that in the control group (34.7% vs 16.3%,
respectively), and high triglycerides were the most common
component. Gadepalli et al (4)estimated that the prevalence
rate of MS in AMI patients ≤45 years old was about 62.74%,
and the decrease in HDL level was the most common indicator.
A meta-analysis of 34 large studies(age range 18–30 years old)
suggested that MS was found in 4.8%-7% of younger adults (27).
In that study, atherosclerotic dyslipidemia defined by low levels
of HDL-C was the most common MS component (26.9%-
TABLE 2 | Comparison of clinical outcomes between MS group and non-MS group.

Variables non-MS group (n = 330) MS group (n = 379) P

MACE, n, (%) 34 (10.3) 68 (17.9) 0.004
TVR, n, (%) 22 (6.7) 46 (12.1) 0.014
HF, n, (%) 2 (0.6) 18 (4.7) 0.001
Cardiac death, n, (%) 4 (1.2) 6 (1.6) 0.676
Recurrent MI, n, (%) 14 (4.2) 19 (5.0) 0.627
Stroke, n, (%) 3 (0.9) 4 (1.1) 1.000
June 2022 | Volume 13 | Article 9
MS, metabolic syndrome; MACE, major adverse cardiovascular events; TVR, target vessel revascularization; HF, re-hospitalization for heart failure; MI, myocardial infarction.
B

A

FIGURE 2 | MS and PMI prognosis. (A) The Kaplan-Meier curve between MS
group and non-MS group. (B) Multivariate Cox regression analysis of MACE.
MACE, major adverse cardiovascular events; LVEF, left ventricular ejection
fraction; ACEI/ARB, angiotensin converting enzyme inhibitor/angiotensin II
receptor blocker; AdjHR, adjusted hazard ratio; CI, confidence interval; PCI,
percutaneous coronary intervention.
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41.2%), followed by elevated blood pressure (16.6%-26.6%),
abdominal obesity (6.8%-23.6%), elevated triglycerides (8.6%-
15.6%) and elevated fasting blood glucose (2.8%-15.4%). In the
present study, MS accounted for 54% of people with PMI, and
the most common component was hypertension (90.2%),
followed by low HDL-C (89%), hypertriglyceridemia (88.2%),
hyperglycemia (65.2%) and BMI ≥28.0 kg/m2 (24.5%). This
results basically consistent with the results of previous studies,
that is, MS accounts for about half of the patients with PMI, and
dyslipidemia accounts for a large proportion.

MS has been reported to increase the risk of cardiovascular
disease. Mottillo et al. (28) conducted a meta-analysis of 87
prospective studies, and the final results showed that MS was
associated with an increased risk of cardiovascular disease with
an RR of 2.35 (95% CI=2.02-2.73). Although the exact
pathogenesis of MS is not completely clear, current studies
suggest that MS increases the risk of cardiovascular disease in
the following ways (29–32) (1): Insulin resistance: insulin
resistance increases the entry of free fatty acids into the liver
and increases the synthesis of triglyceride and very low-density
lipoprotein. Compensatory hyperinsulinemia damages vascular
endothelium and is conducive to lipid deposition, thus leading to
the occurrence and development of atherosclerosis (2); Obesity
and chronic inflammation: fat metabolites are released into the
blood of obese patients, resulting in the accumulation
Frontiers in Endocrinology | www.frontiersin.org 7
of lipid metabolites, the penetration and activation of
macrophages, and the chronic inflammatory state of the body,
decreased adiponectin levels and increased interleukin-6 and
plasminogen activator inhibitors, resulting in a state of high
inflammation and high thrombosis.

MS not only increases the risk of CVD, especially AMI, but
also affects the disease severity and prognosis of AMI patients
(>45 years). These studies connect MS with more severe CAD.
According to Mornar et al (33), more multi-vessel lesions are
found in patients with MS. This observation was also noted in the
present PMI population. In addition, Lovic et al. (14) used Syntax
scores to assess the severity of coronary heart disease between
patients with and without MS, and the results showed that
patients with MS had higher Syntax scores. According to
several studies, the higher the Syntax score, the worse the
prognosis (34–36) (37). The present study expanded these
findings and further demonstrated this observation in PMI
patients, because in the long run (median 42 months of follow-
up), Syntax scores ≥33 was independently associated with the
occurrence of MACE. Although no differences were found in
Syntax scores between groups, in order to evaluate the severity of
lesions between the MS group and non-MS group, we classified
the disease into low risk (≤22), moderate risk 23-32 and high risk
(≥ 33) according to Syntax scores. As far as we know, this is the
first study to apply this classification to delineate risk.
June 2022 | Volume 13 | Article 920470
TABLE 3 | COX multivariate regression analysis of each adverse event in patients with PMI and MS.

Variables HR 95%CI P

MACE 2.082 1.324-3.273 0.001
TVR 1.964 1.155-3.340 0.013
HF 8.301 1.798-38.332 0.007
Cardiac death 2.355 0.351-15.801 0.378
Recurrent MI 1.360 0.645-2.867 0.419
Stroke 1.216 0.162-9.119 0.849
MS, metabolic syndrome; MACE, major adverse cardiovascular events; TVR, target vessel revascularization; HF, re-hospitalization for heart failure; MI, myocardial infarction HR, hazard
ratio; CI, confidence interval.
B

C D
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FIGURE 3 | NRI and IDI between ① model 3 and model 2a ② model 3 and model 2b. (A)NRI for ① (B) NRI for ② (C) IDI for① (D) IDI for ② NRI, Net Reclassification;
IDI, Integrated Discrimination Improvement.
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In the setting of ACS, the prognostic value of assessing the
presence of MS as a comprehensive diagnosis remains uncertain
(38–41). In fact, the various components of MS have different
relationships with the outcome, which may affect the observed
incremental risk stratification (38, 41, 42). In the present study,
we found that MS as a whole can better predict the poor
prognosis of people with premature myocardial infarction.

In present study, hyperglycemia in the MS components is an
independent risk factor for multi-vessel disease and Syntax ≥33
in PMI patients Nevertheless, inconsistent with some previous
studies, multivariate regression analysis adjusted by MS and five
components did not find that dyslipidemia was associated with
the severity of coronary artery disease. The possible reasons are
as follows. Firstly, earlier studies have shown that diabetes is a
challenging factor for the effects of MS on the severity of AMI,
because it can independently increase the severity of coronary
heart disease (43). The definition of hyperglycemia in MS
diagnostic criteria also includes people with diabetes. So when
MS and its components are included in multivariate adjustment
analysis, hyperglycemia has become the main and robust factor
affecting coronary artery disease. Secondly, it may be because we
include people in the same area, and there is no significant
difference in eating habits. However, it is worth noting that
hyperglycemia in MS includes not only people with diabetes, but
also patients with fasting blood glucose ≥6.1 mmol/L, some of
whom may be in a prediabetic state or in a stage of insulin
resistance. Levantesi et al. (44) pointed out that MS is a powerful
predictor of delayed diabetes after myocardial infarction.
Therefore, when clinicians diagnose MS as a whole, we pay
particular attention to hyperglycemia, which in the present study
usually indicated a more serious degree of coronary artery
lesions; this is therefore helpful for identifying high-risk PMI
patients with poor prognosis as early as possible, allowing
implementation of more timely intervention measures to
improve the prognosis of these younger adult patients.
Therefore, we suggest that MS can serve as an early indicator
of increased risk for PMI.

After median 42 months of follow-up, we found that MS was
independently associated with MACE in PMI patients, which
was consistent with the results of previous studies (>45 years) (3,
14, 45). We also found that this was due to the increased risk of
TVR and HF, which is also consistent with previous studies of
patients >45 years (25). In the present study, we found that
among the MS components, hyperglycemia and BMI ≥28.0 kg/
m2 were independent risk factors for MACE. Hyperglycemia
induces the expression of cytokines and inflammatory factors,
induces the production of growth factors that promote
restenosis, smooth muscle cell proliferation and extracellular
matrix production, and eventually leads to intimal hyperplasia
and restenosis (46). Therefore, the revascularization rate in the
MS group was significantly higher than that in the non-MS
group. Also, previous studies have shown that MS is a major
related factor in the risk of developing severe heart failure (47,
48), which is also observed in our population. In addition,
obese patients are in a state of chronic inflammation
and prethrombotic state, which plays an important role
in the process of atherosclerosis and will lead to adverse
Frontiers in Endocrinology | www.frontiersin.org 8
cardiovascular events during follow-up (47). Early research has
confirmed that abdominal obesity is independently associated
with cardiovascular disease (49, 50). Consistent with our study
results, Azarfarin et al. (51)pointed out that the left ventricular
function was decreased in patients with abnormal BMI (P<0.05),
suggesting that anthropometric indicators (e.g., BMI, waist
circumference) have an impact on cardiac function after MI.
Also, as mentioned above, the present study has shown that
hyperglycemia in MS is independently associated with multi-
vessel disease and Syntax score ≥33, while previous studies have
shown that they all predict a poor prognosis (34, 52), which has
been confirmed in long-term follow-up of the included
PMI patients.
CONCLUSIONS

Previous studies have confirmed that MS affects the occurrence,
development and prognosis of acute myocardial infarction. As far
as we know, this is the first observational study to explore the
impact of MS on the clinical severity and prognosis of PMI in
adults aged 45 years and younger, suggesting that MS component
hyperglycemia is as an independent predictor for coronary artery
lesions and MACE. This may be useful for improving the
awareness of adults aged 45 years and younger about risk factors
for PMI, MS and MACE, and to encourage starting intervention
measures as early as possible to help prevent PMI and MS.
LIMITATIONS

The present study has several limitations, including: 1) This was a
single-center observational study and the sample size does not
represent the overall prevalence of MS in patients with PMI; 2)
The blood glucose and blood lipids measured during the onset of
MI may be different from the daily levels, which may affect the
diagnosis of MS; 3) The use of BMI instead of abdominal
circumference to diagnose MS will likely have an impact on the
results; 4) MS is independently related to the occurrence of
MACE, but the results of exploratory analysis of each event of
MACE, especially the occurrence of cardiac death, need to be
further confirmed by larger sample size and longer follow-
up time.
DATA AVAILABILITY STATEMENT

The original contributions presented in the study are included in
the article/Supplementary Material. Further inquiries can be
directed to the authors.
AUTHOR CONTRIBUTIONS

(I) Conception and design: JG YW and YL; (II) Administrative
support: None; (III) Provision of study materials or patients: JG
June 2022 | Volume 13 | Article 920470

https://www.frontiersin.org/journals/endocrinology
http://www.frontiersin.org/
https://www.frontiersin.org/journals/endocrinology#articles


Gao et al. Impacts of MS on PMI
and YL; (IV) Collection and assembly of data: YW, X-YW, YC,
Z-HZ and Y-NY; (V) Data analysis and interpretation: ZC, JG
and YW; (VI) Manuscript writing: All authors; (VII) Final
approval of manuscript: All authors.
FUNDING

This research was supported by the Key Project of
Scientific and Technological Support Plan of Tianjin in
2020 (No.20YFZCSY00820).
Frontiers in Endocrinology | www.frontiersin.org 9
ACKNOWLEDGEMENTS

The author especially thanks all the selected patients for
their participation.
SUPPLEMENTARY MATERIAL

The Supplementary Material for this article can be found online at:
https://www.frontiersin.org/articles/10.3389/fendo.2022.920470/
full#supplementary-material
REFERENCES
1. Expert Panel On Detection EATO, Expert Panel On Detection EATO.

Executive Summary of the Third Report of the National Cholesterol
Education Program (NCEP) Expert Panel on Detection, Evaluation, and
Treatment of High Blood Cholesterol in Adults (Adult Treatment Panel III).
JAMA (2001) 285(19):2486–97. doi: 10.1001/jama.285.19.2486

2. Saklayen MG. The Global Epidemic of the Metabolic Syndrome. Curr
Hypertens Rep (2018) 20(2):12. doi: 10.1007/s11906-018-0812-z

3. Cavallari I, Cannon CP, Braunwald E, Goodrich EL, Im K, Lukas MA, et al.
Metabolic Syndrome and the Risk of Adverse Cardiovascular Events After an
Acute Coronary Syndrome. Eur J Prev Cardiol (2018) 25(8):830–8. doi:
10.1177/2047487318763897

4. Ramesh G, Sai NVB, Gururaj P, Bhupal R, Patel N. Association of Metabolic
Syndrome and Level of Hs-CRP, Lp(a), and Serum Ferritin in Young Asian
Patients (≤45 Years) With Acute Myocardial Infarction. Interventional Med
Appl Science. (2018) 10(2):65–9. doi: 10.1556/1646.10.2018.14

5. Chung EH, Curran PJ, Sivasankaran S, Chauhan MS, Gossman DE, Pyne CT,
et al. Prevalence of Metabolic Syndrome in Patients ≤45 Years of Age With
Acute Myocardial Infarction Having Percutaneous Coronary Intervention.
Am J Cardiol (2007) 100(7):1052–5. doi: 10.1016/j.amjcard.2007.05.028

6. Milionis HJ, Kalantzi KJ, Papathanasiou AJ, Kosovitsas AA, Doumas MT,
Goudevenos JA. Metabolic Syndrome and Risk of Acute Coronary Syndromes
in Patients Younger Than 45 Years of Age. Coronary Artery Dis (2007) 18
(4):247–52. doi: 10.1097/MCA.0b013e328035f8c4

7. Tweet MS. Sex Differences Among Young Individuals With Myocardial
Infarction. Eur Heart J (2020) 41(42):4138–40. doi: 10.1093/eurheartj/
ehaa682

8. Gulati R, Behfar A, Narula J, Kanwar A, Lerman A, Cooper L, et al. Acute
Myocardial Infarction in Young Individuals. Mayo Clin Proc (2020) 95
(1):136–56. doi: 10.1016/j.mayocp.2019.05.001

9. Arora S, Stouffer GA, Kucharska-Newton AM, Qamar A, Vaduganathan M,
Pandey A, et al. Twenty Year Trends and Sex Differences in Young Adults
Hospitalized With Acute Myocardial Infarction. Circulation. (2019) 139
(8):1047–56. doi: 10.1161/CIRCULATIONAHA.118.037137

10. Gupta A, Wang Y, Spertus JA, Geda M, Lorenze N, Nkonde-Price C, et al.
Trends in Acute Myocardial Infarction in Young Patients and Differences by
Sex and Race, 2001 to 2010. J Am Coll Cardiol (2014) 64(4):337–45. doi:
10.1016/j.jacc.2014.04.054

11. Ricci B, Cenko E, Vasiljevic Z, Stankovic G, Kedev S, Kalpak O, et al. Acute
Coronary Syndrome: The Risk to Young Women. J Am Heart Assoc (2017) 6
(12).e007519 doi: 10.1161/JAHA.117.007519

12. Li Y, Dong R, Hua K, Liu TS, Zhou SY, Zhou N, et al. Outcomes of Coronary
Artery Bypass Graft Surgery Versus Percutaneous Coronary Intervention in
Patients Aged 18-45 Years With Diabetes Mellitus. Chin Med J (Engl). (2017)
130(24):2906–15. doi: 10.4103/0366-6999.220305

13. Hoit BD, Gilpin EA, Henning H, Maisel AA, Dittrich H, Carlisle J, et al.
Myocardial Infarction in Young Patients: An Analysis by Age Subsets. Circ
(New York N.Y.). (1986) 74(4):712–21. doi: 10.1161/01.CIR.74.4.712

14. Lovic MB, Djordjevic DB, Tasic IS, Nedeljkovic IP. Impact of Metabolic
Syndrome on Clinical Severity and Long-Term Prognosis in Patients With
Myocardial Infarction With ST-Segment Elevation. Hell J Cardiol (2018) 59
(4):226–31. doi: 10.1016/j.hjc.2018.02.002
15. Lee SH, Jeong MH, Kim JH, Kim MC, Sim DS, Hong YJ, et al. Influence of
Obesity and Metabolic Syndrome on Clinical Outcomes of ST-Segment
Elevation Myocardial Infarction in Men Undergoing Primary Percutaneous
Coronary Intervention. J Cardiol (2018) 72(4):328–34. doi: 10.1016/
j.jjcc.2018.03.010

16. Ji MS, Jeong MH, Ahn YK, Kim SH, Kim YJ, Chae SC, et al. Comparison of
Resolute Zotarolimus-Eluting Stents Versus Everolimus-Eluting Stents In
Patients With Metabolic Syndrome and Acute Myocardial Infarction:
Propensity Score-Matched Analysis. Int J Cardiol (2015) 199:53–62. doi:
10.1016/j.ijcard.2015.07.010.

17. Arnold SV, Lipska KJ, Li Y, Goyal A, Maddox TM, McGuire DK, et al. The
Reliability and Prognosis of In-Hospital Diagnosis of Metabolic Syndrome in
the Setting of Acute Myocardial Infarction. J Am Coll Cardiol (2013) 62
(8):704–8. doi: 10.1016/j.jacc.2013.02.062

18. Synetos A, Papanikolaou A, Toutouzas K, Georgiopoulos G, Karanasos A,
Drakopoulou M, et al. Metabolic Syndrome Predicts Plaque Rupture in
Patients With Acute Myocardial Infarction. An Optical Coherence Study.
Int J Cardiol (2016) 209:139–41. doi: 10.1016/j.ijcard.2016.02.006

19. Thygesen K, Alpert JS, Jaffe AS, Chaitman BR, Bax JJ, Morrow DA, et al.
Fourth Universal Definition of Myocardial Infarction (2018). J Am Coll
Cardiol (2018) 72(18):2231–64. doi: 10.1016/j.jacc.2018.08.1038

20. Grundy SM, Cleeman JI, Daniels SR, Donato KA, Eckel RH, Franklin BA, et al.
Diagnosis and Management of the Metabolic Syndrome - An American Heart
Association/National Heart, Lung, and Blood Institute Scientific Statement.
Circulation. (2005) 112(17):2735–52. doi: 10.1161/CIRCULATIONAHA.105.169404

21. Zhou BF. Effect of Body Mass Index on All-Cause Mortality and Incidence of
Cardiovascular Diseases–Report for Meta-Analysis of Prospective Studies
Open Optimal Cut-Off Points of Body Mass Index in Chinese Adults.
BioMed Environ Sci (2002) 15(3):245–52.

22. Sianos G, Morel M, Kappetein AP, Morice M, Colombo A, Dawkins K, et al.
The SYNTAX Score: An Angiographic Tool Grading the Complexity of
Coronary Artery Disease. EuroIntervention. (2005) 1(2):219–27

23. Cheitlin MD, Armstrong WF, Aurigemma GP, Beller GA, Bierman FZ, Davis
JL, et al. ACC/AHA/ASE 2003 Guideline Update for the Clinical Application
of Echocardiography: Summary Article. J Am Soc Echocardiog. (2003) 16
(10):1091–110. doi: 10.1016/S0894-7317(03)00685-0

24. McMurray JJ, Adamopoulos S, Anker SD, Auricchio A, BöhmM, Dickstein K,
Falk V, Filippatos G, Fonseca C, Gomez-Sanchez MA, Jaarsma T, Køber L, Lip
GY, Maggioni AP, Parkhomenko A, Pieske BM, Parkhomenko A , Pieske BM,,
Popescu BA, Rønnevik PK, Rutten FH, Schwitter J, Seferovic P, Stepinska J,
Trindade PT, Voors AA, Zannad F,Zeiher A; ESC Guidelines for the
Diagnosis and Treatment of Acute and Chronic Heart Failure 2012: The
Task Force for the Diagnosis and Treatment of Acute and Chronic Heart
Failure 2012 of the European Society of Cardiology. Developed in
Collaboration With the Heart Failure Association (HFA) of the ESC. Eur
Heart J (2012) 33(14):1787–847.doi: 10.1093/eurheartj/ehs104.

25. Ji MS, Jeong MH, Ahn Y, Kim YJ, Chae SC, Hong TJ, et al. One-Year Clinical
Outcomes Among Patients With Metabolic Syndrome and Acute Myocardial
Infarction. Korean Circ J (2013) 43(8):519. doi: 10.4070/kcj.2013.43.8.519

26. Kazemi T, Sharifzadeh G, Zarban A, Fesharakinia A. Comparison of
Components of Metabolic Syndrome in Premature Myocardial Infarction in
an Iranian Population: A Casewfi 2-Control Study. Int J Prev Med (2013) 4
(1):110–4.
June 2022 | Volume 13 | Article 920470

https://www.frontiersin.org/articles/10.3389/fendo.2022.920470/full#supplementary-material
https://www.frontiersin.org/articles/10.3389/fendo.2022.920470/full#supplementary-material
https://doi.org/10.1001/jama.285.19.2486
https://doi.org/10.1007/s11906-018-0812-z
https://doi.org/10.1177/2047487318763897
https://doi.org/10.1556/1646.10.2018.14
https://doi.org/10.1016/j.amjcard.2007.05.028
https://doi.org/10.1097/MCA.0b013e328035f8c4
https://doi.org/10.1093/eurheartj/ehaa682
https://doi.org/10.1093/eurheartj/ehaa682
https://doi.org/10.1016/j.mayocp.2019.05.001
https://doi.org/10.1161/CIRCULATIONAHA.118.037137
https://doi.org/10.1016/j.jacc.2014.04.054
https://doi.org/10.1161/JAHA.117.007519
https://doi.org/10.4103/0366-6999.220305
https://doi.org/10.1161/01.CIR.74.4.712
https://doi.org/10.1016/j.hjc.2018.02.002
https://doi.org/10.1016/j.jjcc.2018.03.010
https://doi.org/10.1016/j.jjcc.2018.03.010
https://doi.org/10.1016/j.ijcard.2015.07.010.
https://doi.org/10.1016/j.jacc.2013.02.062
https://doi.org/10.1016/j.ijcard.2016.02.006
https://doi.org/10.1016/j.jacc.2018.08.1038
https://doi.org/10.1161/CIRCULATIONAHA.105.169404
https://doi.org/10.1016/S0894-7317(03)00685-0
https://doi.org/10.1093/eurheartj/ehs104.
https://doi.org/10.4070/kcj.2013.43.8.519
https://www.frontiersin.org/journals/endocrinology
http://www.frontiersin.org/
https://www.frontiersin.org/journals/endocrinology#articles


Gao et al. Impacts of MS on PMI
27. Nolan PB, Carrick-Ranson G, Stinear JW, Reading SA, Dalleck LC. Prevalence
of Metabolic Syndrome and Metabolic Syndrome Components in Young
Adults: A Pooled Analysis. Prev Med Rep (2017) 7:211–5. doi: 10.1016/
j.pmedr.2017.07.004

28. Mottillo S, Filion KB, Genest J, Joseph L, Pilote L, Poirier P, et al. The
Metabolic Syndrome and Cardiovascular Risk. J Am Coll Cardiol (2010) 56
(14):1113–32. doi: 10.1016/j.jacc.2010.05.034

29. Rochlani Y, Pothineni NV, Kovelamudi S, Mehta JL. Metabolic Syndrome:
Pathophysiology, Management, and Modulation by Natural Compounds.
Ther Adv Cardiovasc Disease. (2017) 11(8):215–25. doi: 10.1177/
1753944717711379

30. Nilsson PM, Tuomilehto J, Rydén L. The Metabolic Syndrome – What Is It
and How Should It Be Managed? Eur J Prev Cardiol (2019) 26(2_suppl):33–
46. doi: 10.1177/2047487319886404

31. Zafar U, Khaliq S, Ahmad HU, Manzoor S, Lone KP. Metabolic Syndrome: An
Update on Diagnostic Criteria, Pathogenesis, and Genetic Links. Hormones.
(2018) 17(3):299–313. doi: 10.1007/s42000-018-0051-3

32. McCracken E, Monaghan M, Sreenivasan S. Pathophysiology of the Metabolic
Syndrome. Clin Dermatol . (2017) 36(1) :14–20. doi : 10.1016/
j.clindermatol.2017.09.004.

33. Mornar JM. Metabolic Syndrome: Influence on Clinical Severity and
Prognosis in Patients With Acute ST-Elevation Myocardial Infarction
Treated With Primary Percutaneous Coronary Intervention. Acta Cardiol.
(2015)Apr.70(2)149–56. doi: 10.1080/ac.70.2.3073505.

34. Girasis C, Garg S, Raber L, Sarno G, Morel M, Garcia-Garcia HM, et al.
SYNTAX Score and Clinical SYNTAX Score as Predictors of Very Long-Term
Clinical Outcomes in Patients Undergoing Percutaneous Coronary
Interventions: A Substudy of SIRolimus-Eluting Stent Compared With
Paclitaxel-Eluting Stent for Coronary Revascularization (SIRTAX) Trial. Eur
Heart J (2011) 32(24):3115–27. doi: 10.1093/eurheartj/ehr369

35. Magro M, Nauta S, Simsek C, Onuma Y, Garg S, van der Heide E, et al. Value
of the SYNTAX Score in Patients Treated by Primary Percutaneous Coronary
Intervention for Acute ST-Elevation Myocardial Infarction: The MI
SYNTAXscore Study. Am Heart J (2011) 161(4):771–81. doi: 10.1016/
j.ahj.2011.01.004

36. Capodanno D, Di Salvo ME, Cincotta G, Miano M, Tamburino C, Tamburino
C. Usefulness of the SYNTAX Score for Predicting Clinical Outcome After
Percutaneous Coronary Intervention of Unprotected Left Main Coronary
Artery Disease. Circ-Cardiovasc Inte. (2009) 2(4):302–8. doi: 10.1161/
CIRCINTERVENTIONS.108.847137
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