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BACKGROUND: We aim to investigate effects of metabolic syndrome on onset age and long-term
outcomes in patients with acute coronary syndrome (ACS).

METHODS: Patients with ACS (n=6,431) who underwent percutaneous coronary intervention
from January to December 2013 were enrolled. After excluding patients with previous coronary artery
disease, 1,558 patients were diagnosed with early-onset ACS (men aged <50 years; women aged
<60 years) and 3,044 patients with late-onset ACS. Baseline characteristics and five-year clinical
outcomes were measured.

RESULTS: Body mass index, triglyceride, low-density lipoprotein cholesterol, and uric acid
concentrations were significantly higher, while the high-density lipoprotein cholesterol (HDL-C)
concentration was lower in the early-onset ACS group (P<0.001). Multivariate logistic regression revealed
obesity (odds ratio [OR] 1.590, 95% confidence interval [CI] 1.345—-1.881), hypertriglyceridemia (OR 1.403,
95% CI 1.185-1.660), and low HDL-C (OR 1.464, 95% CIl 1.231-1.742) as independent risk factors
for early-onset ACS (all P<0.001). The five-year follow-up showed that the incidences of all cause death
(1.5% vs. 3.8%, P<0.001), cardiac death (1.1% vs. 2.0%, P=0.023), and recurrent stroke (2.2% vs. 4.2%,
P<0.001) were lower, while bleeding events were more frequent in the early-onset ACS group. A subgroup
analysis showed higher incidences of recurrent myocardial infarction (MI) and revascularization in patients
with early-onset ACS and metabolic syndrome.

CONCLUSIONS: Obesity, hypertriglyceridemia, and lower HDL-C level are independent risk
factors for early-onset ACS, recurrent MI, and revascularization. The control of metabolic syndrome
may reduce the incidence of early-onset ACS and improve the long-term prognosis.

KEYWORDS: Age; Coronary artery disease; Acute coronary syndrome; Metabolic syndrome

World J Emerg Med 2021;12(1):36-41
DOI: 10.5847/wjem.j.1920-8642.2021.01.006

INTRODUCTION

Acute coronary syndrome (ACS) is a critical
manifestation of coronary artery disease (CAD) with high
mortality and disability. Although CAD is common in older
individuals, the incidence is increasing in middle-aged and
young populations (early-onset CAD). Early-onset CAD
has serious consequences, such as early death and long-term
disability."”

Metabolic syndrome is associated with ACS in patients
<45 years of age and is more valuable than established
cardiovascular risk factors,”’ and obesity is the most
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prevalent risk factor for ACS in young adults.””! However,
with improvements in living standards and an increase
in the incidence of metabolic syndrome, the impact of
metabolic syndrome on ACS onset age is unclear in China.
Furthermore, the long-term prognosis of patients with early-
onset ACS is controversial. During a 10.3-year follow-up of
patients with premature acute myocardial infarction (AMI),
23% of patients experienced major adverse cardiovascular
events. Of these patients, 6% died, 17% experienced re-
AMI, and 5% suffered ischemic stroke.”’ Another study
showed a favorable prognosis with short- and medium-term
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follow-ups of young patients with AML' Here, we aim to
investigate effects of metabolic syndrome on onset age and
long-term outcomes in patients with ACS.

METHODS
Study population

A total of 6,431 patients with ACS who underwent
percutaneous coronary intervention (PCI) at Fuwai
Hospital, National Center for Cardiovascular Diseases
(Beijing, China), from January to December 2013,
were enrolled. Early-onset CAD was defined in males
<50 years of age and females <60 years of age."” After
excluding patients with previous myocardial infarction
(M), previous PCI, and previous coronary artery bypass
graft, 1,558 patients conformed to the definition of early-
onset ACS (including unstable angina pectoris, non-
ST-segment elevation MI, and ST-segment elevation
MI), and 3,044 patients were allocated to the late-
onset ACS group. The study protocol was approved by
our institutional review board, and written informed
consent was obtained from patients before intervention.
The study was approved by the ethics committee of the
hospital (ethical application number: IRB2012-BG-006;
approval number: 2013-449).

Procedures, medications, and patient follow-up

The PCI strategy and stent type were at the treating
physician’s discretion. Patients scheduled for PCI received
standardized drug treatment before and after the procedure.
All patients were followed up in the hospital and evaluated
by clinic visits or by phone after one month, six months,
one year, two years, and five years. Patients were advised
to return for coronary angiography if clinically indicated by
symptoms or signs of myocardial ischemia.

Definitions

Major adverse cardiovascular and cerebrovascular
events (MACCESs), including all-cause death, cardiac
death, recurrent MI, stent thrombosis, target vessel
revascularization (TVR), recurrent stroke, and bleeding
events, were assessed during a five-year follow-up. MI was
defined in accordance with the third universal definition of
ML"™ Unplanned TVR was defined as event-driven repeat
PCI or surgical bypass of any segment of the target vessel
for ischemic symptoms.” Stent thrombosis was defined
in accordance with the Academic Research Consortium’s
definition and was classified as definite, probable, or
possible.” Bleeding was quantified in accordance with
Bleeding Academic Research Consortium criteria, and types
2-5 were included in the analysis."”

Metabolic syndrome included obesity, hypertension,
diabetes mellitus, hypertriglyceridemia, and low high-
density lipoprotein cholesterol (HDL-C). Obesity was
defined as body mass index (BMI) >28 kg/m’. Hypertension
was defined as a history of hypertension and in-hospital
blood pressure >130/85 mmHg (1 mmHg=0.133 kPa).
Hypertriglyceridemia was definite as triglyceride (TG)
concentration >1.7 mmol/L, and low HDL-C was defined
as HDL-C concentration <1.04 mmol/L. If patients
demonstrated 3—5 of these criteria, they were diagnosed with
metabolic syndrome.

Statistical analysis

Continuous variables were compared using the Student’s
t-test, and categorical variables were compared using
Pearson’s j’ test. Continuous variables were presented as
mean+tstandard deviation and categorical variables as the
number with frequency. Survival curves were calculated
using Kaplan-Meier estimates and compared using the log-
rank test for endpoints. The results of logistic regression
were expressed as odds ratios (ORs) and 95% confidence
intervals (CIs). Clinical and statistical covariates entered
into the model and adjusted in the multivariate analysis. All
statistical analyses were performed using SPSS version 19.0
(IBM Corp., Armonk, New York, USA). Significance was
set at a two-sided P-value <0.05.

RESULTS

Baseline characteristics

The response rate of the five-year follow-up was 91.5%.
The proportions of patients with early-onset ACS (n=1,558)
and late-onset ACS (n=3,044) with no previous CAD history
(n=4,602) were 33.9% and 66.1%, respectively. Patients’
basic characteristics are shown in Table 1.

Association between metabolic syndrome and
early-onset ACS

Compared with the late-onset ACS group,
the proportions of patients with obesity,
hypertriglyceridemia, and low HDL-C were significantly
higher, while the proportions of patients with
hypertension (66.2% vs. 71.2%, P<0.001) and diabetes
mellitus (25.1% vs. 28.4%, P=0.016) were lower in
the early-onset ACS group. The percentage of patients
who met more than three metabolic syndrome criteria
was significantly higher in the early-onset ACS group
compared with the late-onset ACS group (46.1% vs.
35.7%, P<0.001). Multivariate logistic regression
revealed obesity, hypertriglyceridemia, and low HDL-C
as independent risk factors for early-onset ACS (Table 2).
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Long-term outcomes of early-onset ACS and
effects of metabolic syndrome

The clinical outcomes showed that the incidence of
MACCESs was not significantly different between the two
groups during the in-hospital follow-up. After the five-year
follow-up, the incidences of all-cause death, cardiac death,
and recurrent stroke were lower in the early-onset ACS
group, while the incidence of bleeding events was higher in
the early-onset ACS group (Table 3), compared with the late-
onset ACS group. Kaplan-Meier estimates showed the same
trend (Figure 1).

In a subgroup analysis of early-onset ACS, the
incidences of MACCEs (20.1% vs. 14.0%, respectively,
P=0.002), recurrent MI (6.5% vs. 4.0%, P=0.027), and TVR
(14.9% vs. 10.8%, P=0.008) in patients with metabolic

Table 1. Patients’ baseline characteristics between two groups

syndrome were higher compared with patients without
metabolic syndrome. Other ischemic and bleeding events
were not significantly different between the two subgroups.

DISCUSSION

Metabolic syndrome is becoming increasingly common
with changes in lifestyle. Metabolic syndrome can be easily
identified in the clinic; however, the effect of metabolic
syndrome on onset age and long-term prognosis of patients
with ACS has not been investigated. The major findings
of this study are as follows: (1) approximately one-third
of patients with ACS had early-onset ACS and were more
likely to demonstrate ST-segment elevation MI, and the
overall prognosis of patients with early-onset ACS was

Early-onset ACS Late-onset ACS

Parameters (1=1,558) (1=3.044) P-value
Demographics
Age (years) 47.27+6.30 63.17+7.60 <0.001"
Female, n (%) 404 (25.9) 737 (24.2) 0.201
BMI (kg/m®) 26.49+3.31 25.51+3.13 <0.001"
Risk factors and medical history, n (%)
Hypertension history 946 (60.7) 1,959 (64.4) 0.016"
Diabetes mellitus 391 (25.1) 866 (28.4) 0.016"
Hyperlipidemia 1,103 (65.0) 1,915 (62.9) 0.159
Family history of CAD 431 (27.7) 690 (22.7) <0.001"
Smoking history 895 (57.4) 1,696 (55.7) 0.510
Previous stroke 79 (5.1) 392 (12.9) <0.001"
Peripheral vascular disease 16 (1.0) 69 (2.3) 0.003"
Examination
White blood cell count before PCI (x10°/L) 7.12+1.91 6.90+1.85 <0.001"
HGB before PCI (g/L) 143.46+15.43 139.26+16.27 <0.001"
PLT before PCI (x10°/L) 223.58+57.09 206.97+56.22 <0.001"
HbAlc (%) 6.53+1.33 6.56+1.18 0.483
B-brain natriuretic peptide (pg/mL) 680.73+386.46 804.054+719.57 <0.001°
Big endothelin (pmol/L) 0.26+0.22 0.29+0.27 <0.001"
Erythrocyte sedimentation rate (mm/h) 11.35+11.46 12.51+£12.66 0.003"
TC (mmol/L) 4.35+1.13 4.21+0.99 <0.001"
LDL-C (mmol/L) 2.62+0.96 2.52+0.85 <0.001"
HDL-C (mmol/L) 0.98+0.27 1.05+0.29 <0.001"
Triglyceride (mmol/L) 2.04+1.27 1.70+0.97 <0.001"
Uric acid (umol/L) 348.50+87.75 334.56+83.25 <0.001"
¢GFR (mL/[minute-1.73 m’]) 100.82+11.81 87.36+14.11 <0.001"
LVEF (%) 63.52+6.54 63.27+6.78 0.229
Angiographic and procedural characteristics
LM or 3-vessel disease, n (%) 60 (3.9) 124 (4.1) 0.715
Complex lesion (lesion of type B2 or C), n (%) 1,158 (74.3) 2,291 (75.3) 0.488
Bifurcation disease, n (%) 308 (19.8) 582 (19.1) 0.598
Occlusion disease, n (%) 323 (20.7) 524 (17.2) 0.004"
Syntax score 11.11£7.42 11.97+7.89 <0.001
Number of target lesion 1.41+0.68 1.414+0.65 0.632
Number of stents per patient 1.78+1.11 1.83£1.05 0.127
Antiplatelet therapy duration
Aspirin duration >1 year, n (%) 1,533 (98.4) 2,965 (97.1) 0.008"
Clopidogrel duration >1 year, n (%) 1,502 (96.4) 2,921 (96.0) 0.459
Dual antiplatelet therapy >1 year, n (%) 1,067 (68.5) 2,016 (66.2) 0.123
ACS type, n (%)
STEMI 436 (28.0) 637 (20.9) <0.001"
NSTEMI 128 (8.2) 241 (7.9) 0.502
UA 994 (63.8) 2,166 (71.2) <0.001"

"P<0.05; BMI: body mass index; CAD: coronary artery disease; PCI: percutaneous coronary intervention; HGB: hemoglobin; PLT: platele;
HbAlc: glycosylated hemoglobin; TC: total cholesterol; LDL-C: low-density lipoprotein cholesterol; HDL-C: high-density lipoprotein cholesterol;
eGFR: estimated glomerular filtration rate; LVEF: left ventricular ejection fraction; LM: left main artery; ACS: acute coronary syndrome; STEMI:
ST-segment elevation myocardial infarction; NSTEMI: non-ST segment elevation myocardial infarction; UA: unstable angina.
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better than that of patients with late-onset ACS; (2) obesity,
hypertriglyceridemia, and low HDL-C were independent
risk factors for early-onset ACS; and (3) metabolic syndrome
was related to an increase in MACCE:s in patients with early-
onset ACS, especially recurrent MI and TVR.

Overall condition of patients with early-onset ACS

The atherosclerotic plaques of younger patients are rich
in foam cells, which reduce plaque stability and induce early-
onset ACS.""" However, as there is no standardized age to
delineate early-onset ACS at present, the incidence of early-
onset ACS differs between epidemiological surveys."*"*
In the present study, 33.9% of patients with ACS without
previous CAD after PCI met the age diagnostic criteria for
early-onset ACS; thus, more than one-third of young and
middle-aged patients who experienced acute coronary events
were treated with PCI. In this study, patients with early-onset
ACS more frequently presented with ST-segment elevation
MI, while patients with late-onset ACS more frequently
presented with unstable angina. This suggests that plaque
stability in patients with early-onset ACS may be worse, and
coronary artery reserve or ischemic pre-adaptation may be
lower, when compared with patients with late-onset ACS,
which may induce transmutable MI.

With the widespread use of PCI for the treatment of
ACS, patients with early-onset ACS demonstrate excellent
immediate and long-term survival outcomes.!"”’ A small-
sample study examining the prognosis of patients with
early-onset ACS showed that the mortality of early-onset
ACS was similar to ACS in older patients, but another study

showed better outcomes in younger patients.” Thus, there
is still controversy about the clinical prognosis of patients
with early-onset ACS. In the current study, the incidence
of inhospitable MACCEs was not significantly different
between the early- and late-onset ACS groups, but long-
term outcomes, including all-cause death, cardiac death,
and recurrent stroke, were less frequently observed in the
early-onset ACS group. During the five-year follow-up, the
mortality rate of patients with early-onset ACS was 1.5%
(3.8% in patients with late-onset ACS), which indicated that
the long-term follow-up of ischemic events in patients with
early-onset ACS did not increase. However, the incidence of
bleeding events in patients with early-onset ACS was higher
compared with patients with late-onset ACS, which may be
related to the longer duration of antiplatelet therapy.

Relationship between metabolic syndrome and
ACS onset age

Traditional risk factors, such as hypertension, diabetes
mellitus, dyslipidemia, smoking, and family history of CAD,
are associated with early-onset ACS." In the current study,
we found that patients with early-onset ACS had a higher
BMI, higher TG, and total cholesterol concentrations.
Logistic regression revealed metabolic syndrome
components, including obesity, hypertriglyceridemia,
and low HDL-C, as independent risk factors for early-
onset ACS. These findings indicate that the metabolic
abnormality caused by metabolic syndrome is related
to the occurrence and development of early-onset ACS,
which could be controlled by primary and secondary

Table 2. Logistic regression analysis of metabolic syndrome components for early-onset ACS

Parameters OR 95% CI P-value
Female 1.470 1.219-1.774 <0.001:
Obesity (body mass index >28 kg/m’) 1.590 1.345-1.881 <0.001
Hypertension 0.697 0.596-0.817 <0.001
Diabetes mellitus 0.808 0.683-0.955 0.012
Hypertriglyceridemia (triglyceride >1.7 mmol/L) 1.403 1.185-1.660 <0.001
Low HDL-C (HDL-C <1.04 mmol/L) 1.464 1.231-1.742 <0.001
Family history of coronary artery disease 1.247 1.078-1.443 0.003
Smoking 1.097 0.940-1.282 0.240
Total cholesterol 1.089 0.907-1.308 0.361
LDL-C 1.004 0.820-1.229 0.971
Uric acid 1.002 1.000-1.002 0.002
Three to five metabolic syndrome components 1.902 0.863-1.381 0.465
"P<0.05; OR: odds ratio; CI: confidence interval; HDL-C: high-density lipoprotein cholesterol; LDL-C: low-density lipoprotein cholesterol.
Table 3. Clinical outcomes in patients with early-onset ACS and late-onset ACS during five-year follow-up, n (%)
Hospitalization events Five-year follow-up events

Parameters Early-onset ACS  Late-onset ACS Povalue Early-onset ACS  Late-onset ACS Povalue

(n=1,558) (n=3,044) valu (n=1,558) (n=3,044) valu
MACCESs 18 (1.2) 51(1.7) 0.169 262 (16.8) 662 (21.7) <0.001:
All-cause death 2 (0.1) 6(0.2) 0.596 24 (1.5) 117 (3.8) <0.001
Cardiac death 2(0.1) 5(0.2) 0.768 17 (1.1) 61 (2.0) 0.023
Recurrent myocardial infarction 17 (1.1) 45 (1.5) 0.281 81(5.2) 191 (6.3) 0.143
Stent thrombosis 3(0.2) 8(0.3) 0.644 - - -
Target vessel revascularization - - - 195 (12.5) 392 (12.9) 0.728,
Recurrent stroke 0(0) 0(0) 1.000 34(2.2) 127 (4.2) 0.001
Bleeding (BARC 2 to 5) 1.(0.1) 3(0.1) 0.708 255 (16.4) 377 (12.4) <0.001

"P<0.05; ACS: acute coronary syndrome; MACCEs: major adverse cardiovascular and cerebrovascular events; BARC: Bleeding Academic Research

Consortium grade.
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CAD preventions and would reduce the incidence of
early-onset ACS.

Effects of metabolic syndrome on a long-term
prognosis in patients with early-onset ACS

Patients with early-onset ACS with metabolic syndrome
had a higher incidence of MACCEs compared with patients
with late-onset ACS after five years of follow-up. Metabolic
syndrome was associated with an increased risk of adverse
cardiovascular events in patients with early-onset ACS.!"""™
This result emphasized that patients with early-onset ACS
and metabolic syndrome should be encouraged to achieve
more strict weight control and should receive standard
drug treatments to rectify abnormalities in blood lipids,
blood glucose, and blood pressure to reduce the long-term
incidence of adverse cardiovascular events.
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Other factors associated with early-onset ACS

A family history of CAD and hyperuricemia were
positively correlated with early-onset ACS in this study.
Previous studies showed that a family history of CAD and
hyperuricemia are related to CAD," and hyperuricemia
could independently confer a higher risk of mortality in
patients with AMI. This may be due to coronary artery injury
caused by uric acid and the local inflammatory response.
Hyperuricemia can also accelerate atherosclerosis by
promoting LDL oxidation and inducing vascular endothelial
dysfunction, which may lead to early-onset ACS.

Potential clinical implications

The current study showed a definite correlation between
metabolic syndrome and early-onset ACS, and identified
the effect of metabolic syndrome on adverse prognosis.
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Figure 1. Kaplan-Meier survival analysis. MI: myocardial infarction; TVR: target vessel revascularization.
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Although the overall prognosis of patients with early-onset
ACS is better compared with patients with late-onset ACS,
we should pay more attention to metabolic syndrome in
young patients and offer appropriate intervention in clinical
practice. This could delay ACS occurrence and improve
prognosis, especially in developing countries.

Limitations

Several limitations should be considered. First, our data
were obtained from a single clinical center. Second, the
criteria of age for the diagnosis of premature CAD should
be verified; however, at the time of the study, a reference
standard was lacking. Third, this was an observational study
with a non-randomized design, and unmeasured confounders
may have precluded definitive conclusions.

CONCLUSIONS

Metabolic syndrome components, including obesity,
hypertriglyceridemia, and low HDL-C, are independent
risk factors for early-onset ACS and relate to an increase in
recurrent MI and revascularization. An effective control of
metabolic syndrome may reduce the incidence of early-onset
ACS and improve the long-term prognosis.
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