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Background: The objective of this study was to investigate the clinical characteristics and prognosis of coronary heart dis-
ease (CHD) in young patients.
Material/Methods: We included 972 CHD patients (<50 years old) with coronary artery stenting who were prospectively enrolled
and followed for 1 year. Clinical characteristics, risk factors, and predictors of outcomes were evaluated.
Results: The prevalence of current smoker, hypertension, diabetes mellitus, dyslipidemia and positive family history of
CHD were 18.9%, 34.3%, 14.5%, 4.4%, and 44.2%, respectively. Most of the patients underwent coronary stent-
ing due to stable angina (48.8%) and unstable angina (UA; 48.1%). After 1-year follow-up, 64 patients (6.6%) ex-
perienced clinical outcomes and the most common event was UA (n=56). Compared to patients without clinical
outcomes, those with outcomes were more likely to be male, have higher systolic blood pressure, more likely to
have hypertension and diabetes mellitus, and more likely to be presented as unstable angina. Multivariate re-
gression analysis showed only age (hazard ratio [HR]: 1.12 and 95% confidence interval [Cl]: 1.07-1.26), smok-
ing (HR: 1.15 and 95% Cl: 1.06-1.23), presence of hypertension (HR: 1.19 and 95% Cl: 1.13-1.31), and diabe-
tes mellitus (HR: 1.16 and 95% Cl: 1.09-1.28), more vessels with stenosis (HR: 1.27 and 95% Cl: 1.20-1.48)
and presented with acute coronary syndrome (HR: 1.35 and 95% Cl: 1.21-1.55) were independently associat-
ed with clinical outcomes.
Conclusions: Most of the young (<50 years of age) CHD patients had poor management of risk factors and better controlling
these risk factors would be helpful for the primary and secondary prevention of premature CHD in Guangdong
province.
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Background

Coronary heart disease (CHD) is a leading cause of morbidi-
ty and mortality in developed and developing countries [1-4].
Hypertension, dyslipidemia, diabetes mellitus and smoking are
major risk factors for CHD. Prior randomized clinical trials and
prospective cohort studies have consistently demonstrated
that controlling these risk factors is beneficial for primary and
secondary prevention of CHD in the overall populations [5-7].

A recent report of the China Patient-centered Evaluation
Assessment of Cardiac Events (China PEACE) study found
that the incidence of ST-segment elevation myocardial infarc-
tion (STEMI) in China from 2001 to 2011 was gradually in-
creased [8]. A report from the Chinese Ministry of Health epi-
demiological survey additionally showed that the prevalence
and incidence of CHD among Chinese young populations has
also increased [9], which was postulated to be attributed to the
pandemic of cigarette smoking, hypertension, diabetes mel-
litus, and dyslipidemia. These data together support the no-
tion that controlling risk factors would be beneficial to reduce
health and economic burdens of CHD in China [10].

A recent retrospective study showed that the overall incidence
of cardiac death and major adverse cardiovascular event of
the young Chinese CHD patients had increased compared to
the past decades [11]. However, this study was compromised
by its retrospective design. The aim of current study was to
evaluate the clinical characteristics, risk factors associated
with CHD severity, and predictors of cardiovascular outcomes
in young CHD patients after coronary artery stenting. From a
clinical standpoint, this information will not only help better
understand the clinical features of premature CHD, but also
will provide information about potential therapeutic targets
that physicians should focus on in the future.

Material and Methods

Studied participants enrollment

This study was approved by the Ethics Committee of Clinical
Research of The Third People’s Hospital of Huizhou and in-
formed consent was obtained before participants’ enrolment.
Inclusion criteria were as follows: <50 years old and had angi-
ographical-diagnosis of CHD and had underwent coronary ar-
tery stenting for the first time. Exclusion criteria were as fol-
lows: had coronary artery stenting before this hospitalization,
or had severe complication during percutaneous coronary in-
tervention (PCl) including coronary artery perforation and dis-
section and pericardial effusion with hemodynamic instability,
or had complications during hospitalization such as rupture of
ventricular septum or papillary muscle, ventricular arrhythmias
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required resuscitation and defibrillation, or severe congestive
heart failure required invasive hemodynamic support such as
intra-aortic balloon pump.

Baseline data collection

Baseline data were collected during the indexed hospitaliza-
tion using a structured questionnaire administered by inde-
pendent investigators. The questionnaire comprised informa-
tion of demographics (age and gender), smoking status, prior
medical history, risk factors, and comorbidities. Fasting venous
blood was used for lipid profile, fasting plasma glucose, and
liver and renal function panel assessments. Clinical presenta-
tions in terms of stable angina, unstable angina, non-STEMI
(NSTEMI) or STEMI were diagnosed based on clinical manifes-
tation, electrocardiography changes, and cardiac biomarkers
by 2 independent cardiologists. The number of coronary ar-
teries with stenosis (>50% stenosis of coronary artery diam-
eter) were recorded during angiography.

Clinical outcomes definition and assessment

In this study, clinical outcomes after stent placement were
defined as all-cause mortality, cardiovascular death, nonfatal
myocardial infarction, nonfatal ischemic stroke, UA, and cor-
onary revascularization. Patient follow-up was at the twelfth
month after discharge via telephone call and/or at outpatient
department. The clinical outcomes were adjudicated by 2 inde-
pendent cardiologists who did not participate in current study.

Statistical analysis

Continuous variables were expressed as meantstandard de-
viation (SD) or median (interquartile ranges) and categorical
variables were expressed as number and frequency of cases.
Between-group differences were evaluated by the indepen-
dent Student t-test or the Kruskal-Wallis test for continuous
variables as appropriate; or were compared by the chi-square
analysis or Fisher‘s exact tests for the categorical variables as
appropriate. Cox proportional hazards regression analysis was
used to evaluate the potential risk factors for prediction of clin-
ical outcomes prediction. The hazard ratio (HR) and associat-
ed 95% confidence interval (Cl) represents the risk associated
with each 1-SD change of continuous variables or the presence
of categorical variables for clinical outcomes. Statistical analy-
sis was conducted in SPSS 23.0 (IBM, USA). All P values were
2-sided, and statistical significance was defined as P<0.05.
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1107 patients with age <50 55 did not want to
years were underwent PCl participate
1052 patients 16 had prior coronary
artery stenting, 12 had
complications during
l PCl, 10 required
invasive hemodynamic
972 included into final support during
analysis hospitalization, and 42
was loss of follow-up

}

64 patients had outcomes and
908 patients did not have
outcomes

Figure 1. Research schematic.

Results

Baseline characteristics

A total of 1107 patients with age <50 years who received PCl
in our hospital were enrolled. Among these patients, 55 pa-
tients did not want to participate in the study, 16 patients had
prior coronary artery stenting, 12 patients had complications
during PCl, 10 patients required invasive hemodynamic sup-
port during hospitalization, and 42 patients was loss to fol-
low-up (Figure 1). The remaining 972 patients were included
in the final analysis, and no significant differences in the base-
line characteristics were observed between the 972 patients
and the excluded patients.

As presented in Table 1, the median age was 46 years old and
male patients accounted for 90.2% of the included participants.
The prevalence of patients who were current smokers, had
hypertension, diabetes mellitus, dyslipidemia, and positive fam-
ily history of CHD were 18.9%, 34.3%, 14.5%, 4.4%, and 44.2%,
respectively. Before hospitalization, only 16.9%, 8.1%, 13.7%,
and 10.9% of patients were treated with anti-hypertensive, anti-
diabetic, anti-platelet medications, and statins, respectively.

Most of the patients underwent coronary stenting due to sta-
ble angina (48.8%) and UA (48.1%). Most of patients had car-
diac function of New York Heart Association (NYHA) class |
and Il at baseline. Nearly 30.0%, 24.8%, 39.3%, and 5.9% of
patients had single, double, triple, and left main plus triple
vessel stenosis, respectively. The median number of stent im-
plantation was 1.

Incidence of clinical outcomes after 1 years’ follow-up

zAfter the 1-year follow-up, 64 patients (6.6%) experienced
clinical outcomes; the most common event was UA (n=56)
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and a minority of patients had nonfatal myocardial infarction
(n=2), nonfatal ischemic stroke (n=4), and coronary revascu-
larization (n=2).

Comparisons between patients with and without clinical
outcomes

Baseline characteristics between patients with and without
clinical outcomes were compared. As presented in Table 2,
compared to patients without clinical outcomes, those with
outcomes were more likely to be male, have higher systolic
blood pressure, more likely to have hypertension and diabe-
tes mellitus, and more likely to present as unstable angina.

Risk factors associated with CHD severity

The severity of CHD was divided into 3 categories with respect
to the number of arteries with stenosis, the cardiac function,
and the CHD classification. As presented in Table 3, male gen-
der, hypertension, and diabetes mellitus were significantly as-
sociated with an increased number of coronary arteries with
stenosis. Regarding the cardiac function, no significant risk
factors were observed. However, within the category of CHD
classification, increased baseline low density lipoprotein cho-
lesterol (LDL-C) level was significantly associated with non-
STEMI and STEMI.

Predictors of clinical outcomes

Cox proportional hazards regression analysis was used to eval-
uate potential predictors of clinical outcomes. As presented in
Table 4, in the univariate regression analysis, age, male gender,
smoking, serum LDL-C level, presence of hypertension and dia-
betes mellitus, more vessels with stenosis, and patient present-
ed as having acute coronary syndrome were all independently
associated with incident clinical outcomes. With multivariate
regression analysis, only age (HR: 1.12 and 95% Cl: 1.07-1.26),
smoking (HR: 1.15 and 95% Cl: 1.06-1.23), presence of hyper-
tension (HR: 1.19 and 95% Cl: 1.13-1.31) and diabetes melli-
tus (HR: 1.16 and 95% Cl: 1.09-1.28), more vessels with ste-
nosis (HR: 1.27 and 95% Cl: 1.20-1.48) and presented with
acute coronary syndrome (HR: 1.35 and 95% Cl: 1.21-1.55)
remained independently associated with clinical outcomes.

Discussion

In the current prospective study, we found that most of young
Chinese CHD patients undergoing PCl did so because of stable
angina and unstable angina. Notably, approximately 45% of
these patients had triple vessel stenosis and triple vessel plus
left main stenosis. Nearly 6.6% of these patients 1 year after
stent implantation had ischemic events in terms of unstable
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Table 1. Baseline characteristics (n=972).

Variables Value

Age*, years 46 (43-49)
CMalen ) 877 (902%)
Ccurentsmoker,n (%) 184 (189%)
 Systolic blood pressure, mmHg 12624169
 Diastolic blood pressure, mmHg 7774117
 Heartrate, beats per minute 7574112
 Alanine aminotransferase, UL 279¢148
CAbuming/l 390431
Total cholesterol, mmoll 4745113
| Triglyceride®, mmoll 151 (106219
_ High density lipoprotein-cholesterol, mmol/l 093:018
 Low density lipoprotein-cholesterol, mmol/L 251106
 Glycated hemoglobin Alc% s9:08
CeGRR, L73m¥YmUmin 950+109
Mypertension,n (%) 333 (343%)
 Diabetes mellitus,n (%) 141 (145%)
CDyslipidemia,n %6 43 44%
 Family history of cardiovascular disease, n (%) 430 @442%)
CCADdlassification
"""" Stable angina,n (%) . 474 (488%)
"""" Unstable angina,n %) . 68 (481%)
"""" Non-ST elevation myocardial infarction, n %) 11 (L1%)
"""" ST-elevation myocardial infarction,n (%) 19 0%
CCardiac function (NYHA)
"""" Classl,n(%) e (691%)
"""" Classihn(%) 250 257%)
"""" Classlln(®%) 4 @asw
"""" ClassV,n (%) e
© Number of coronary arteries with stenosis
"""" Single,n %) 09 (G00%
"""" Double,n (%) a1 (48%)
"""" Tiple,n (%) 38 (393%)
"""" left main plus triple,n %) . 57(659%
Leftventricular ejection fraction% s7.4:82
© Number of stents implantation* 109
CMedications
"""" Antihypertensive,n (%) . 164 (169%)
"""" Anti-diabetic,n (%) . 79@61%
"""" Antiplatelet,n (%) 133 %)
"""" Statins,n (%) . 106 (109%)

# Presented as median and interquartile range; NYHA=New York Heart Association; eGFR=estimated glomerular filtration rate
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Table 2. Comparison between patients with and without clinical outcomes.

Variables With outcomes Without outcomes
(n=64) (n=908)

Age*, years 45 (42-48) 46 (43-49)
CMalen®%) 60 (©34%" 817 (00.0%)
CurrentSmoker,n (%) 12 (193% 172 (189%)
 Systolic blood pressure, nmHg 129.48175* 1236:161
 Diastolic blood pressure, mmHg 7674113 77.9+125
 Heart rate, beats per minute 7848116 7338106
© Alanine aminotransferase, UL 284+133 26.1+145
CAbumingl 39.6+35 385830
 Total cholesterol, mmoll 488115 470¢106
| Triglyceride®, mmolt 156 (107-215) 147 (102-2.11)
 High density lipoprotein-cholesterol, mmolt. 092:0.17 093£0.17
Lo density lipoprotein-cholesterol, mmoll 264:109 2475101
 Glycated hemoglobin A1, % s9:08 59108
CeGRR, 173 mYmUmin 945:107 953:112
Hypertension,n (%) 25 (383%)" 308 (339%)
 Diabetes mellitus,n (%) 1 (67%) 130 (143%)
Dyslipidemia,n (%) 3 @&8%) 40 (44%)
 Family history of cardiovascular disease,n (%) 29 @457%) - 401 (442%)
CCHD dlassification
"""" Stable angina,n (%) 30 @473% 444 (4B9%)
"""" Unstable angina,n (%) 32 (495%)* 436 (48.0%)
"""" Non-ST elevation myocardial infarction,n (%) 1 (16%) 10 (11%)
"""" ST-elevation myocardial infarction,n %) 1 (L6%) 18 (0%
CCardiac function (NYHA)
"""" Classbn®) a4 (684%) 627 (691%)
"""" Classl,bn() 16 (253% 234 (58%)
"""" Classlln (%) 3 @aew 41 (@45%)
"""" Class,n (%) 1w 6 (06%
© Number of coronary arteries with stenosis
"""" single,n®%) 19 (95%) 273 (301%)
"""" Double,n (%) 16 (53% 225 (48%)
"""" Triple,n®%) 25 (397%) 357 (393%)
"""" left main plus triple,n %) 4 (64%) 53 (58%)
Left ventricular ejection fracton% 550473 579s86
© Number of stents implantation## 1 (©2 102
CMedications
"""" Anti-hypertensive,n (%) 10 (162%) 154 (17.0%)
"""" Anti-diabetic,n (%) 5 (@78) 74 (81%)
"""" Anti-platelet,n (%) 8 (128%) 125 (138%)
"""" stains,n (%) 7 (102%) 99 (109%)

# Presented as median and interquartile range; * P<0.05 versus without outcomes group. CHD — coronary heart disease; NYHA — New
York Heart Association; eGFR — estimated glomerular filtration rate.
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Table 3. Comparisons of risk factors of CHD severity.

n (%) n (%) P value
Number of artery stenosis (:::l;l:) TripleIL(enf ;gag';‘ Hriple
Age* 46 (42-49) 46 (43-49) 46 (43-49) 0.691
e avxi04 251107 2524106 0860
CMale 257 @80) 24 029 a4 043 0007
CCurentsmoker 58 01) 2 Q05 8 (190 0878
Wypertension 8 069 85 (354 185 @22 w0oo1
Diabetes mellitus 0 w3 7 1549 87 199) 0002
Cardiac function (NYHA) (::l::; ll) ((r:ll:;SS(I)I) Cla(l::;I;;IV
Age* 46 (43-49) 46 (43-49) 46 (42-48) 0.936
‘o 2485105 250103 2515106 0546
Cmale 614 016) 234 036 46 002 0545
CCurentsmoker 123 (8% s 1) 13 @ss) 0320
Hypertension 218 (326) 109 @38 2 @2 0075
Diabetes mellitus 95 142 8 08 10 (196 0125

Stable Unstable Non-STEMI/STEMI
(CELYZ)) (n=468) (n=30)

Age* 46 (42-49) 46 (43-49) 45 (43-48) 0.512
e 24sel06 249s108 2534109 0010
Cmae 2 o1y #s @29 8 933 o 0570
CCuentsmoker 7 asy 12 ey 7 33 0092
Hypertension 180 (@81 161 G4s) 7 33 0174
Diabetes mellitus 73 ss) 167 3 100 o 0579

* Continuous variables were presented as median and interquartile range, tested with Kruskal-Wallis Test; categorical variables
are presented as n (%), tested with chi-square tests and linear-by-linear association. CHD — coronary heart disease; LDL-C — low
density lipoprotein cholesterol; NYHA — New York Heart Association; STEMI — ST-segment elevation myocardial infarction.

angina. Cox proportional hazards regression analysis indicat-
ed that age, smoking, presence of hypertension and diabetes
mellitus, the number of vessels with stenosis, and acute coro-
nary syndrome presentation during admission were indepen-
dently associated with ischemic events.

The prevalence and incidence of hypertension, diabetes mel-
litus, and dyslipidemia has dramatically increased in the last
3 decades in China due to economic development [12-16].
These comorbidities together contribute to the initiation and
progression of CHD. The prevalence and incidence of CHD
among young adults has been reported to be similar to the
ageing population in China [17,18], which is a big challenge
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to the health and economic system due to health-related pro-
ductivity loss [19].

Coronary artery stenting is an effective and efficient approach
for restoring myocardial reperfusion and improving cardiac func-
tion. However, a large proportion of patients with coronary ar-
tery stenting still experience ischemic events over time [20,21],
and the underlying mechanisms might be due to poor risk fac-
tor management and/or poor adherence to medications [22].

In this prospective study, we firstly evaluate the clinical char-

acteristics of young CHD patients with coronary artery stent-
ing. We found that premature CHD was more common in male

[Chemical Abstracts/CAS]
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Table 4. Cox proportional hazards regression analysis.

Variables

CLINICAL RESEARCH

Studied outcomes

Univariate Multivariate

Age, years

CHD classification (acute coronary syndrome vs. stable angina)

HR (95% CI) HR (95% CI)

1.25 (1.16-1.39) 1.12 (1.07-1.26)
””””””””””” 118 (106-127) 105 (094-111)
””””””””””” 127 (114-140) 115 (106-123)
””””””””””” 115 (106-152) 109 (098-107)
””””””””””” 106 097-11)  NA
””””””””””” 108 095-107  NA

1.44 (1.29-1.64) 1.35 (1.21-1.55)

LDL-C — low density lipoprotein cholesterol; eGFR — estimated glomerular filtration rate; CHD — coronary heart disease; NA — non-
applicable; HR — hazard ratio; Cl — confidence interval. Acute coronary syndrome includes unstable angina, non-STEMI and STEMI.

patients which might be due to more risk factors among males
versus females. In addition, estrogen might also play a protec-
tive role in the young female patients [23]. We also observed
that the treatment for risk factors in the young CHD patients
before admission were also low, with only 16.9%, 8.1%, 13.7%,
and 10.9% of patients treated with anti-hypertensive, anti-
diabetic, anti-platelet medications, and statins, respectively.
These data strongly support the notion that risk factor treat-
ment is essential to prevent CHD [24]. Interestingly and impor-
tantly, we found that the reason most of young CHD patients
underwent coronary artery stenting was not due to myocar-
dial infarction. Rather, nearly 96.8% of these patients under-
went coronary artery stenting due to chest pain. We are unsure
about the underlying mechanisms. However, these data indi-
cate that in young CHD patients, cardiac stress testing might
be helpful to timely identify those who are at risk for cardio-
vascular events [25].

We secondly evaluate the risk factors of CHD severity in or-
der to identify potential modifiable factors. We divided the se-
verity of CHD into 3 categories in terms of the number of ar-
teries with stenosis, cardiac function, and CHD classification.
We found that male gender, hypertension, and diabetes mel-
litus were all significantly associated with increased number
of coronary arteries with stenosis. However, regarding the car-
diac function, no significant risk factors were observed. Only
increased baseline serum LDL-C level was significantly asso-
ciated with non-STEMI and STEMI. Once again, these findings

suggest that controlling risk factors in terms of hypertension,
dyslipidemia, and diabetes mellitus could help to prevent CHD
progression and reduce the severity of CHD.

We lastly evaluate the predictors of cardiovascular outcomes
in the young CHD patients after coronary artery stenting. At
the 1-year follow-up, among the 972 participants, 64 patients
(6.6%) had clinical outcomes and the most common event
was unstable angina, while a minority of patients had non-
fatal myocardial infarction, nonfatal ischemic stroke, and cor-
onary revascularization, indicating the most common ischemic
events of the young CHD study patients after coronary artery
stenting were due to chest pain. The underlying mechanisms
might be due to anxiety after coronary artery stenting or dis-
ease progression. Future studies are warranted to evaluate
the anxiety status of these young patients after coronary ar-
tery stenting. In addition, cardiac stress testing could also be
helpful to identify the progression of disease.

We compared the baseline clinical characteristics between pa-
tients with and without clinical outcomes. We found that those
with outcomes were more likely to be male, have higher sys-
tolic blood pressure, more likely to have hypertension and di-
abetes mellitus, and more likely to be presented as unstable
angina. Cox proportional hazards regression analysis shows
that age, smoking, presence of hypertension and diabetes mel-
litus, more vessels with stenosis and patient presenting with
acute coronary syndrome were independently associated with
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clinical outcomes. These findings strongly indicated that con-
trolling the modifiable risk factors including smoking, hyper-
tension, and diabetes mellitus would be beneficial to prevent
ischemic events after stenting. In addition, in male patients
and patients with more vessels with stenosis and those who
presented with acute coronary syndrome, close follow-up and
optimization of risk factors would also be helpful.

The clinical implications of current study were as follows:
1) young CHD patients had specific clinical characteristics
and physicians should better screen and recognize the age-
specific characteristics; 2) independent risk factors identified
in this study might be used to establish risk predictive model
in the future; 3) physicians should better manage the risk fac-
tors which might help to improve outcome for young CHD pa-
tients. For example, both physicians and social media should
advocate and encourage young CHD patients to stop smok-
ing; financial incentive might also help. Regarding hyperten-
sion and diabetes mellitus, not only should there be better
screening, but also there should be increased utilization of
guideline-recommended medications to treat these comorbid-
ities. In addition, young people should be encouraged to live
a healthy lifestyle such as stop smoking, eat more vegetables,
and do regular exercise, which might reduce systemic inflam-
mation and retard atherosclerosis progress. Finally, multidis-
ciplinary team and holistic approach might provide a compre-
hensive management of CHD in young patients. In addition,
based on our study findings, future research should focus on:
1) whether targeting the age-specific risk factors could result
in greater benefits in younger rather than older CHD patients;
2) multi-center clinical studies are needed to establish and val-
idate risk predictive model for young CHD patients.
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There were several limitations to our study. First of all, this was
a single center study and the findings from this study should
be further corroborated in other areas and medical centers
of China. Second, we did not obtain information about the
medication usage during follow-up which did not allow us
to evaluate the adherence to treatment of these young CHD
patients. Moreover, we also did not evaluate the control rate
of risk factors during follow-up. Third, most of the ischemic
events were unstable angina. As we discussed, some of these
symptoms might be due to anxiety or other diseases such as
gastric esophagus regurgitation disorder. Long-term follow-
up for clinical events such as myocardial infarction, plus car-
diac stress testing could be helpful to evaluate the outcomes
of these young CHD patients.

Conclusions

Our current study indicated that most of the young CHD pa-
tients underwent coronary artery stenting due to angina, and
poor management of risk factors contributed to the develop-
ment of premature coronary artery stenosis. Physicians should
better screen and recognize age-specific characteristics. In addi-
tion, better management of these risk factors would be benefi-
cial for improving clinical outcomes for young CHD populations.
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