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ABSTRACT
Objective: To investigate standard modifiable cardiovascular risk factors (SMuRFs) and prognosis of patients with acute coro-
nary syndrome (ACS) aged 50 years or younger.
Study Design: An observational study.
Place and Duration of Study: Eleven general hospitals in Chengdu, Sichuan Province, China, from January 2017 to June 2019.
Methodology: Patients with ACS were stratified into younger group (≤50 years) and older group (>50 years).  The baseline
characteristics and prognosis were compared for two groups. Survival analysis was used to assess the long-term prognosis.
Results: Among a total of 1982 ACS patients, 322 (16.2%) were of ≤50 years. Compared with older patients, younger patients
were more likely to have at least one SMuRFs (90.0% vs. 84.3%, p=0.013). The younger group had a higher prevalence of
smoking (62.8% vs. 34.1%, p <0.001) and hypercholesterolemia (36.2% vs. 23.4%, p <0.001) compared with the older group.
Younger male patients were more likely to have at least one SMuRFs than younger female patients (91.6% vs. 74.1%, p =
0.011). After the follow-up of 15 (10, 22) months, the cumulative rates of major adverse cardiovascular and cerebrovascular
events (MACCE) of the younger patients were significantly lower than those in the older patients [hazard ratio (HR):  0.2661,
95% confidence interval (CI): 0.1932 - 0.3665, p <0.001].
Conclusion: Younger patients with ACS were more likely to have at least one SMuRFs; and were likely to have a better prog-
nosis than older patients.
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INTRODUCTION

The incidence and mortality of coronary heart disease (CHD)
in the elderly population have recently tended to decrease in
most  countries.  However,  a  similar  decline  has  not  been
observed among young individuals.1 The incidence of acute
myocardial infarction (AMI) in young population in China has
been shown an increase, as reported by a recent study.2 In
addition, compared with young male patients with acute coro-
nary syndrome (ACS), the hospitalisation rates among young
female patients showed a more obvious upward trend.3
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The standard modifiable cardiovascular risk factors (SMuRFs),
including  hypertension,  diabetes  mellitus,  hypercholestero-
laemia,  and  smoking  are  vital  elements  of  the  Framingham
cardiovascular risk score and were identified in epidemiological
studies in the 1960s.4,5 Studies have shown that in some middle-
and  high-income  countries,  the  application  of  controlling
modifiable  cardiovascular  risk  factors  in  primary/secondary
prevention has resulted in significant reductions in the morbidity
and mortality of CHD.6  However, only few studies have been
performed on the burden of SMuRFs in young ACS patients. By
providing evidence for the primary and secondary prevention
strategies for young individuals could help further reduce the inci-
dence and mortality of ACS in the young population.

Therefore, the aim of this study was to investigate the SMuRFs
profile, diagnosis, treatment status, and prognosis of patients
with  ACS  aged  less  than  50  years  and  further  subdivided
according to gender.

METHODOLOGY
It was a multi-centre observational study. The authors observed
consecutive patients that were admitted to 11 general hospitals in
China (namely The Third People’s Hospital of Chengdu; The First
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People’s Hospital of Chengdu; The Second People’s Hospital of
Chengdu;  The  People’s  Hospital  of  Dujiangyan;  The  People’s
Hospital of Pidu District; The First People’s Hospital of Shuangliu
District; The People’s Hospital of Dayi County; The First People’s
Hospital of Jintang; The People’s Hospital of Pengzhou; The First
Affiliated  Hospital  of  Chengdu  Medical  College;  The  People’s
Hospital of Chongzhou) from January 2017 to June 2019 with a diag-
nosis of presumptive acute coronary syndrome (ACS). ACS was
defined according to guidelines issued by the Chinese Society of
Cardiology  for  the  diagnosis  of  patients  with  ST  Elevation  MI
(STEMI), non-ST Elevation MI (NSTEMI) or unstable angina (UA).7,8

The exclusion criteria were severe valvular heart disease, constric-
tive  pericarditis,  myocarditis,  non-ischemic  cardiomyopathy,
congenital  heart  disease,  rheumatic  heart  disease  or  other
serious heart diseases, malignant tumor; renal insufficiency, liver
dysfunction,  coronary  vasculitis,  systemic  sclerosis,  systemic
vasculitis,  systemic  lupus  erythematosus  or  other  connective
tissue  diseases,  severe  Infection;  respiratory  failure  or  acute
pulmonary embolism, missing important clinical trial data, and
lost to follow-up. The patients were divided into two groups as
younger patients (≤ 50 years) and older patients (>50 years).

Data were retrieved from the electronic health records (EHR) of
each hospital.  The collected data included demographic data,
cardiac risk factors, past medical history, diagnoses, symptoms
and clinical signs at admission, laboratory data on admission and
angiographic data, type of revascularisation, and medication at
hospital discharge. After the patients were discharged from the
hospital,  the in-hospital  mortality of  the study population was
obtained by inquiring the discharge status of the patients through
the EHR system.

A follow-up of the patients was performed at 1, 6 and 12 months
after discharge; and annually thereafter, to obtain their major
adverse cardiovascular and cerebrovascular events (MACCE) via
EHRs or telephone questionnaires.

The endpoints were the in-hospital mortality and MACCE during
follow-up.

Current smoking was defined as smoking within six months prior
to  admission.  Diabetes  was  defined as  being  previously  diag-
nosed with diabetes mellitus or treated with a glucose-lowering
agent. Hypertension was defined as being previously diagnosed
with  hypertension  or  treated  with  an  antihypertensive  agent.
Hypercholesterolemia was defined as previous diagnosis of hyper-
cholesterolemia, treatment with anti-hyperlipidemic agent, low--
density lipoprotein cholesterol (LDL-C) ≥3.4 mmol/L at admission
or  total  cholesterol  (TC)  ≥5.2  mmol/L  at  admission.  MACCE
included all-cause death, defined as cardiogenic and non-cardio-
genic, myocardial infarction (MI), defined as a new myocardial
infarction, coronary revascularization, defined as any percuta-
neous revascularization or surgical bypass of an epicardial vessel,
and stroke, which was defined as a new cerebral infarction or
hemorrhage diagnosed by a neurologist.

Categorical variables were expressed as counts and percentages,
and the Chi-square or Fisher’s Exact test were used to perform
group comparisons. Kolmogorov Smirnov test was used for evalu-
ation  of  the  normality  of  continuous  variables.  Variables  with

normal  distribution were expressed as mean ± SD and group
comparisons were performed using Student t-test. Variables with
non-normal distribution were expressed as median (IQR) and anal-
ysed by using Mann-Whitney U-test. The Kaplan-Meier method
was  used  to  calculate  cumulative  event  rates,  which  were
compared between the groups using the log-rank test. All  the
statistical tests were two-tailed, and a p-value <0.05 was consid-
ered  to  be  statistically  significant.  The  data  analysis  was
performed using the SPSS version 26.0 statistical software, the
Kaplan-Meier  survival  curve  was  plotted  using  the  GraphPad
Prism 8 software.
 

Table I: Baseline characteristics of the study population.

Variable Younger patients
(n=322)

Older patients
(n=1660) p-value

Age (years) 46 (41,48) 70 (62,78) <0.001
Male 289 (89.8%) 1139 (68.6%) <0.001
Previous stroke 1 (0.3%) 92 (5.6%) <0.001
Previous smoking 9 (2.8%) 195 (11.8%) <0.001
SMuRFs
Current smoking 201 (62.8%) 564 (34.1%) <0.001
Hypertension 125 (38.8%) 987 (59.5%) <0.001
Diabetes 55 (17.1%) 459 (27.7%) <0.001
Hypercholesterolemia 105 (36.2%) 354 (23.4%) <0.001
Number of SMuRFs
≥1 260 (90.0%) 1272 (84.3%) 0.013
≥2 137 (47.4%) 709 (47.0%) 0.896
≥3 39 (13.5%) 170 (11.3%) 0.279
4 9 (3.1%) 11 (0.7%) <0.001
Clinical signs
Chest pain 307 (97.5%) 1482 (92.7%) 0.002
Systolic blood pressure
(mmHg) 130 (117,146) 130 (115,150) 0.977

Heart rate (beats per min) 78 (70,93) 76 (66,89) 0.003
STEMI 194 (60.2%) 865 (52.1%) 0.007
NSTEMI 57 (17.7%) 417 (25.1%) 0.004
UA 71 (22.0%) 378 (22.8%) 0.777
Laboratory variables

Creatinine (µmol/L) 72.10
(63.10,85.95) 80.80 (67.00,98.83) <0.001

Triglycerides (mmol/L) 1.92 (1.19,2.99) 1.33 (0.94,1.96) <0.001
Total cholesterol (mmol/L) 4.74 (3.95,5.40) 4.24 (3.57,5.00) <0.001
HDL-C (mmol/L) 1.06 (0.86,1.33) 1.13 (0.95,1.36) 0.005
LDL-C (mmol/L) 2.98 (2.31,3.51) 2.54 (2.00,3.18) <0.001

AST (IU/L) 57.00
(27.00,133.50)

44.45
(25.00,128.18) 0.136

ALT (IU/L) 38.00
(23.00,60.05) 28.00 (18.70,45.33) <0.001

Uric acid (umol/L) 402.90
(333.00,479.50)

369.00
(300.00,447.00) <0.001

Diagnosis and treatment
Coronary angiography 244 (75.8%) 1199 (72.2%) 0.190
Mutiple coronary arteries
lesion 52 (28.9%) 338 (39.1%) 0.010

Primary PCI 168 (52.5%) 721 (44.0%) 0.005
Elective PCI 32 (10.0%) 239 (14.6%) 0.030
Thrombolytic therapy 2 (0.6%) 12 (0.7%) 0.835
Non-reperfusion therapy 118 (36.9%) 667 (40.7%) 0.202
Medication at hospital discharge
Dual antiplatelet inhibitors 237 (90.8%) 1179 (90.1%) 0.740
Statins 267 (95.0%) 1370 (95.8%) 0.554
ACEI/ARB 152 (54.9%) 802 (56.6%) 0.605
Beta blockers 205 (73.7%) 975 (68.3%) 0.074
Acid suppression therapy 87 (31.1%) 508 (35.9%) 0.124
SMuRFs=standard modifiable cardiovascular risk factors, STEMI=ST segment elevation
myocardial infarction, NSTEMI=non-ST-segment elevation myocardial infarction, UA=unstable
angina, HDL-C=high-density lipoprotein cholesterol, LDL-C=low-density lipoprotein
cholesterol, AST=aspartate aminotransferase, ALT=alanine aminotransferase,
ACEI=angiotensin-converting enzyme inhibitors, ARB=angiotensin receptor blockers.

RESULTS
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A total of 1,982, ACS patients were included in the study, among
which 322 (16.2%) were younger patients. The median age of all
the patients was 67 (55, 76) years, most patients were males
(72.0%) and 53.4% of the patients were diagnosed with STEMI.

The  baseline  characteristics,  diagnosis  and  treatment  of  the
study  population  are  listed  in  Table  I.  Compared  with  older
patients, younger patients were more often males, more likely to
smoke, more likely to be treated with primary PCI (p=0.005) and
had higher levels of triglycerides (TG) (p<0.001), TC (p<0.001),
LDL-C (p<0.001) and uric acid (p<0.001). In addition, younger
patients had lower levels of high-density lipoprotein cholesterol
(HDL-C) (p=0.005) and were less likely to have multi-vessel coro-
nary disease (p=0.010).

Among the younger patients, 90.0% had at least one SMuRFs,
which was a little higher than older patients (p= 0.013). Current
smoking  (62.8%),  hypertension  (38.8%)  and  hypercholes-
terolemia  (36.2%)  were  the  most  prevalent  SMuRFs  among
younger patients. On the other hand, the dominant SMuRFs in
older patients were hypertension (59.5%) and current smoking
(34.1%), as listed in Table I
Table II: Gender differences in standard modifiable cardiovascular risk
factors of the younger patients with ACS.

Variable Male (n=289) Female (n=33) p-value
SMuRFs
Current smoking 199 (69.3%) 2 (6.1%) <0.001
Hypertension 108 (37.4%) 17 (51.5%) 0.114
Diabetes 46 (15.9%) 9 (27.3%) 0.101
Hypercholesterolemia 97 (36.9%) 8 (29.6%) 0.455
Number of SMuRFs
≥1 240 (91.6%) 20 (74.1%) 0.011
≥2 126 (48.1%) 11 (40.7%) 0.466
≥3 38 (14.5%) 1 (3.7%) 0.146
4 9 (3.4%) 0 (0.0%) 1.000
SMuRFs=standard modifiable cardiovascular risk factors.

Table III: Short-term and long-term clinical events of the study popula-
tion.

Outcome Younger patients
(n=322)

Older patients
(n=1660) p-value

in-hospital mortality 7 (2.2%) 144 (8.7%) <0.001
Events occurred
during follow-up

Younger patients
(n=315)

Older patients
(n=1516)  

MACCE 14 (4.4%) 245 (16.2%) <0.001
All-cause death 1 (0.3%) 135 (8.9%) <0.001
Myocardial infarction 1 (0.3%) 10 (0.7%) 0.475
Coronary revascularization 8 (2.5%) 67 (4.4%) 0.126
Stroke 5 (1.6%) 39 (2.6%) 0.299
MACCE=major adverse cardiovascular and cerebrovascular events.

The subgroup analysis showed that in younger patients, more
male patients had at least one SMuRFs than women (91.6% vs.
74.1%, p=0.011). SMuRFs of younger male patients were still
mainly  current  smoking  (69.3%),  hypertension  (37.4%),  and
hypercholesterolemia (36.9%), while hypertension (51.5%) and
hypercholesterolemia (29.6%) were the most prevalent SMuRFs
in younger women patients (Table II).

Among the 1,982 patients included in this study, the in-hospital
mortality rate was 7.6%. Specifically, the in-hospital mortality
rate in younger patients was significantly lower than that in older
patients  (2.2% vs.  8.7%,  p  <0.001),  Table  III.  The remaining

patients were followed up for a median of 15 (10, 22) months.
During  the  follow-up,  the  cumulative  incidence  of  MACCE  in
young group was 4.4%. The cumulative incidence of MACCE in
the two groups during follow-up was shown in the Kaplan-Meier
curve (Figure 1). The cumulative incidence of MACCE was lower
in younger patients compared with older patients [hazard ratio
(HR):  0.2661,  95% confidence interval  (CI):  0.1932 -  0.3665,
p<0.001]. However, in the subgroup analysis, no gender differ-
ence in the prognosis was observed in the younger group.

The  cumulative  incidence  of  MACCE  was  lower  in  younger
patients  compared  with  older  patients  [hazard  ratio  (HR):
0.2661, 95% confidence interval (CI): 0.1932 - 0.3665, p<0.001].

Figure 1: The cumulative incidence of MACCE in the younger group and
older group.
MACCE = Major adverse cardiovascular and cerebrovascular events.

DISCUSSION
In this study, it was found that the proportion of male patients and
those receiving primary PCI, was higher in younger ACS patients
compared  with  older  patients.  Younger  patients  had  a  higher
burden of SMuRFs, which were predominated by easily controlled
factors, such as smoking and hypercholesterolemia. The prog-
nosis of younger ACS patients seems better than that of older
patients. However, it is still not good.

In  consistence  with  previously  reported  results,9,10  this  study
found a higher proportion of male patients in the group of younger
patients than that in the older patients’ group. In the younger
patients’ group, male ACS patients accounted for 89.8%, much
higher than female patients. This large difference may be due to
many reasons. Men have a higher burden of smoking exposure
than women. According to serial cross-sectional National Health
Service Surveys in China, smoking prevalence in men was 47.2%
(46.9-47.5)  in  2013,  much  higher  than  the  2.7%  (2.6-2.8)  in
women.11  Another  study  has  shown  that  the  onset  of  ACS  in
smokers is earlier than that in non-smokers.12 Men have higher
levels of exposure to dyslipidemia compared with women. Studies
have shown that in young people, premenopausal women have
lower blood lipid levels than men of the same age.13,14

Different  from  previous  studies,15  this  study  found  that  the
proportion of younger patients receiving primary PCI was higher
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than that of older patients. This may be due to the high preva-
lence of STEMI in the younger group compared with the older
group. Studies have found that the proportion of STEMI patients
receiving PCI was much higher than that of NSTEMI patients.16

Similar to the results of previous studies,15,17 the results of this
study showed that 90.0% of the younger patients had at least one
of the SMuRFs. Due to a higher prevalence of current smoking
and  hypercholesterolemia  in  younger  patients  with  ACS,
younger  patients  showed  a  higher  burden  of  SMuRF-
s than older patients. This can be explained for two reasons.
First, some older patients may have quitted smoking or started
taking cholesterol-lowering drugs because they have a higher
incidence of pre-existing coronary heart disease, hypertension
and other complications. Another reason may be that greater
social pressure leads to higher odds of smoking and poor dietary
habits among younger patients.

The burden of modifiable risk factors in young patients with first
AMI has been recently shown to increase, and modifiable risk
factors were shown to be associated with an increased risk of
recurrent AMI or fatal coronary heart disease events within 5
years.17-19  Therefore, the control of modifiable risk factors should
be carried out in young ACS susceptible population to achieve
primary prevention. In addition, secondary prevention strate-
gies targeting modifiable risk factors should be applied to reduce
the recurrence rate and mortality of coronary heart disease in
high-risk  patients  in  the  younger  population  with  existing
diseases.

More than two-thirds of the younger male patients in the study
were  active  smokers,  while  hypertension  and  diabetes  were
more common in younger female patients. In general, younger
male  patients  had  a  heavier  burden  of  SMuRFs  than  female
patients. Compared with other SMuRFs, current smoking was the
most easily controlled modifiable risk factor; quitting smoking
reduced the individual’s mortality risk in patients with CHD by
about 36%.20  The EUROASPIRE IV survey reported that about
90% of CHD patients in 24 European countries received smoking
cessation interventions.21 Another survey showed that in recent
years, the proportion of ACS patients receiving smoking cessa-
tion intervention in the United States has been maintained at
nearly 100%.22 However, the Improving Care for Cardiovascular
Disease  in  China-Acute  Coronary  Syndrome  Project  reported
that only 35.3% of ACS patients received smoking cessation inter-
vention before being discharged,12 which is much lower than that
of CHD patients in other countries. Therefore, for younger male
patients  with  ACS,  more  attention  should  be  paid  to  control
smoking in secondary prevention.

Both short- and long-term outcomes in the younger group were
better than those in the older group. However, the in-hospital
mortality in young patients was still 2.2%, and the cumulative
MACCE rate during follow-up was 4.4%. It  was reported by a
national cohort study in Norway that the incidence of AMI was
lower in younger people, however, during 2.4 years of follow-up,
of every 10 AMI patients younger than 45 years, one died or expe-
rienced a new cardiovascular event.15 A study in China showed

that younger patients with AMI had a higher incidence of bleeding
events within 5 years compared with older patients.23 In people
younger  than  50  years  old,  ACS  has  a  great  impact  on  the
patients' mental health and work ability and may impose a size-
able burden on family and society. Therefore, the prevention and
treatment measures should be strengthened to further improve
the quality of life and prognosis of younger patients with ACS.

Firstly, the sample size of younger ACS patients was small, and
the study results may be biased. Secondly, the small number of
young women makes it impossible to analyse gender differences
in the clinical outcomes among young patients. Finally, the rate
of loss to follow-up (LTFU) is high, so the follow-up results may be
biased.

CONCLUSION
Compared with the older patients, younger patients with ACS
were more likely to have at least one SMuRFs. Younger patients
presented with a better short-term and long-term prognosis than
older  patients,  but  the  prognosis  was  still  poor.  Therefore,
controlling of cardiovascular modifiable risk factors is important
for younger populations.
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