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Prognostic value of serum uric
acid levels in patients with non-
STEMI undergoing percutaneous
coronary intervention

Many investigators have observed a de-
cline in cardiovascular mortality rates
in the general population throughout
the industrialized world. Conversely,
cardiovascular events have increased
in young adults especially in low- and
middle-income regions over the past
20 years. Acute myocardial infarction
(AMI) is an uncommon disease in young
individuals and its incidence varies be-
tween2and10%[1]. Amongyoungadult
patients with acute coronary syndrome
(ACS), the most frequent presentation
is ST-segment-elevation myocardial in-
farction (STEMI; [2]). However, there
are remarkably few published reports
on the characteristics, risk profile, and
prognosis of young patients with non-
STEMI. Although smoking, obesity, dys-
lipidemia, and family history of coronary
artery disease (CAD) are the predom-
inant risk factors, the other traditional
risk factors such as hypertension (HT)
and type 2 diabetesmellitus (DM) are be-
coming increasingly prevalent in young
adults. In addition, cocaine and cannabis
have been more frequently implicated
as triggers of AMI in younger patients
[3, 4]. Unfortunately, the current risk
scores fail to identify young individuals at
risk of experiencing their firstMI; conse-
quently, these young adults rarely receive
the recommended preventive medica-
tions and lifestyle modifications that
reduce the incidence of heart diseases.
With the increasing rates of traditional
cardiovascular risk factors and the in-
adequacy of preventive measures, rates

of cardiovascular events are on the rise
among young adults.

Uric acid (UA), an end product of
purine metabolism, has been shown to
be an independent predictor of the short-
or long-term prognosis of patients with
AMI [5]. In addition, high serum UA
levels have been associated with critical
CAD in young patients with AMI [6].
However, there is a paucity of data on the
value of UA as an independent predictor
of long-term prognosis in young patients
with NSTEMI.

The purpose of this study was to eval-
uate the long-term clinical outcomes of
this specific subset of young patients.
Moreover, we sought to determine the
role of UA in predicting long-term out-
comes of young patients with NSTEMI
who underwent percutaneous coronary
intervention (PCI).

Methods

Patients

The database of our tertiary referral cen-
ter was analyzed for patients aged 40
years or younger who underwent PCI
between 2010 and 2015 and a total of
697 patients were identified. Initially,
349 (50.1%) patients with the diagno-
sis of STEMI and 135 (19.3%) patients
with stable CADwere excluded. We then
performed a retrospective analysis of 213
(30.5%) young adult patients (≤40 years
old) with NSTEMI who underwent PCI
during hospitalization. All of these pa-

tients were included in the analysis. De-
mographic, clinical, angiographic, and
laboratory data were collected from hos-
pital records. Data on outcomes after
discharge were assessed from the medi-
cal records of patients whowere followed
upatour institutionand theirfirst cardio-
vascular event was noted. Missing data
about the latest clinical status were ob-
tained from the patients or their families
by telephone interview. The study was
carried out in accordance with the Dec-
laration of Helsinki, and approval from
a local ethics committee was obtained.

Definitions

We defined NSTEMI according to the
European Society of Cardiology (ESC)
guidelines for ACS without ST-segment
elevation [7]. Hypertension was defined
as the use of antihypertensive drugs or
systolic bloodpressure (SBP)greater than
or equal to 140mmHg and/or diastolic
blood pressure greater than or equal to
90mmHg. Diabetes mellitus was di-
agnosed on the basis of fasting blood
glucose levels of ≥126mg/dl, blood glu-
cose levels of >200mg/dl at any time, or
a history of DM.The diagnosis of hyper-
cholesterolemia was made on the basis
of total cholesterol values of ≥200mg/dl
and/or low-density lipoprotein choles-
terol of ≥140mg/dl or use of cholesterol-
lowering agents. Family history was con-
sidered significant if a first-degree rel-
ative younger than 55 years (men) or
65 years (women) had CAD. Renal fail-
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Table 1 Demographic, clinical, and laboratory characteristics of thepatientgroupsaccording to
the presence ofmajor cardiac events

Characteristics Total
(n= 213)

MACE (–)
(n= 167)

MACE (+)
(n= 46)

p

Demographics and past clinical history

Age, years 36.8± 3.3 36.7± 3.5 37.0± 2.8 0.61

Men, n (%) 188 (88.3) 147 (88.0) 41 (89.1) 0.83

Hypertension, n (%) 60 (28.2) 41 (24.6) 19 (41.3) 0.02

Diabetesmellitus, n (%) 38 (17.8) 27(16.2) 11 (23.9) 0.22

Dyslipidemia, n (%) 87 (40.8) 67 (40.1) 20 (43.5) 0.68

Smoking, n (%) 142 (66.7) 115 (68.9) 27 (58.7) 0.19

Family history of CAD, n (%) 44 (20.7) 37 (22.2) 7 (15.2) 0.30

Prior coronary stenting, n (%) 17 (8) 11 (6.6) 6 (13) 0.15

Prior myocardial infarction, n (%) 17 (8) 10 (6.0) 7 (15.2) 0.04

Predischarge EF, (%) 55.3± 7.6 55.7± 7.2 53.9± 9.1 0.15

Admission SBP, (mmHg) 128.3± 15.5 127.7± 15.7 130.4± 14.5 0.29

Admission heart rate, (bpm) 74.1± 11.7 73.3± 11.6 77.1± 11.7 0.05

eGFR, (ml/min/1.73m2) 108.8± 14.6 110.2± 12.4 103.5± 19.9 <0.01

Hyperuricemia, n (%) 47 (22.1) 31 (18.6) 16 (34.8) 0.03

Angiographic characteristics

Culprit vessel, n (%):

LAD 97 (45.5) 71 (42.5) 26 (56.5) 0.09

Cx 47 (22.1) 39 (23.4) 8 (17.4) 0.38

RCA 49 (23) 40 (24) 9 (19.6) 0.53

Multivessel disease, n (%) 54 (25.4) 43 (25.7) 11 (23.9) 0.80

Drug-eluting stent,n (%) 135 (63.4) 111 (66.5) 24 (52.2) 0.07

Bare metal stent, n (%) 53 (24.9) 41 (24.6) 12 (26.1) 0.83

Tirofiban infusion, n (%) 16 (7.5) 12 (7.2) 4 (8.7) 0.73

High thrombus burden, n (%) 47 (22.1) 35 (21) 12 (26.1) 0.45

Procedural success, n (%) 196 (92) 155 (92.8) 41 (89.1) 0.41

No-reflow phenomenon, n (%) 8 (3.7) 8 (4.7) 0 (0) 0.13

Baseline TIMI 0–1, n (%) 42 (19.7) 27 (16.2) 15 (32.6) 0.01

Stent size, mm 2.9± 0.4 2.9± 0.4 3.0± 0.4 0.56

Stent length, mm 21.8± 7.6 22.0± 7.4 21.0± 8.4 0.47

Medication, n (%)

Beta-blocker 192 (90.1) 152 (91) 40 (87) 0.41

ACE-I or ARB 170 (79.8) 134 (80) 36 (78.2) 0.78

Statins 199 (93.4) 158 (94.6) 41 (89.1) 0.55

Acetylsalicylic acid 204 (95.8) 160 (95.8) 44 (95.7) 0.96

P2Y12 inhibitor 213 (100) 167 (100) 46 (100) 0.75

Data are presented as mean± SD or n (%)
ACE-I angiotensin convertase enzyme inhibitor, ARB angiotensin receptor blocker, Cx circumflex,
CAD coronary artery disease, EF ejection fraction, eGFR estimated glomerular filtration rate, LAD left
anterior descending, RCA right coronary artery, SBP systolic blood pressure, TIMI Thrombolysis in
Myocardial Infarction

ure was defined as a glomerular filtration
rate less than 60ml/min/1.73m2, which
was assessed via the estimated glomeru-
lar filtration rate (eGFR) using the CKD-
EPI formula [8]. Hyperuricemia was de-
fined as serum UA values of >6.0mg/dl

in women and >7.0mg/dl in men. Mul-
tivessel coronary disease was defined as
the presence of ≥50% luminal diameter
stenosis involving at least two major epi-
cardial coronary arteries. A successful
procedure was defined as an infarct-re-

lated artery (IRA) stenosis of <20% asso-
ciated with Thrombolysis in Myocardial
Infarction (TIMI) grade 3 flow. A TIMI
thrombus score of≥4was defined as high
thrombusburden,whichwasassessedac-
cording to the TIMI thrombus grading
scale [9]. The patient was considered to
exhibit a no-reflowphenomenon if blood
flow in the IRA was graded as TIMI ≤2
flow despite successful dilatation and ab-
sence of mechanical complications after
completion of the procedure [10].

Procedures

Venous blood samples were obtained
from all patients on admission. Blood
counts were studied with an autoana-
lyzer(Cell-dyn3700; Abbott,Wiesbaden,
Germany) within 30min of blood sam-
pling. Troponin I was measured on the
Elecsys 2010 analyzer (Roche Diagnos-
tics GmbH, Mannheim, Germany) and
the test result was considered positive at
a cut-off value of >0.03ng/ml. C-reac-
tive protein (CRP) measurements were
conducted on a Cobas Integra analyzer
(Roche Diagnostics, Istanbul, Turkey)
using the turbidimetric method. The
plasma UA concentration was deter-
mined with an enzymatic colorimetric
test on a Cobas Integra analyzer. Left
ventricular systolic functionwas assessed
via with two-dimensional echocardiog-
raphy (Vivid 3 system; General Electric
Company, Milwaukee, WI, USA) using
the modified biplane Simpson method
[11].

All of the patients underwent inva-
sive treatment within 72h of their first
hospital admission. The exact timing
of the invasive procedure was based on
the clinical judgment of the physician.
Coronary angiography was performed
with the Judkins technique using the
femoral artery. Procedural decisions, in-
cluding device selection and adjunctive
pharmacotherapy, such as glycoprotein
IIb/IIIa inhibitors, were made at the
discretion of the operator. All patients
received a loading dose of 600mg clopi-
dogrel and 300mg acetyl salicylic acid
at admission. Unless contraindicated,
beta-blockers, angiotensin-converting
enzyme inhibitors, and statin therapy
were administered to all patients during
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Abstract
Background. Becausemyocardial infarction in
young adults is rare, there has been limited
research on the condition in this patient group.
Very few data are available regarding the long-
term outcomes of patients under 40 years
of age with non-ST-segment elevation
myocardial infarction (NSTEMI) undergoing
invasive treatments. The prognostic value
of uric acid (UA) in young patients with
NSTEMI who undergo percutaneous coronary
intervention (PCI) has also not been studied.
The purpose of this study was to evaluate the
long-term clinical outcomes of this specific
subset of young patients. In addition, we
aimed to identify the role of serum UA in

predicting the long-term prognosis of young
patients with NSTEMI who have undergone
PCI.
Methods.We performed a retrospective
analysis of 213 young adult patients (≤40 years
old) with NSTEMI who underwent PCI during
their hospitalization at our tertiary referral
center.
Results. The mean age of the 213 patients
was 36.8± 3.3 years (range, 21–40 years). The
median follow-up was 930 days. Our patients
were predominantly male (88.3%) and the
most frequent traditional cardiovascular
risk factors were smoking and dyslipidemia.
Baseline TIMI flow 0–1, estimated glomerular

filtration rate (eGFR), and UA were found to
be independently correlated with long-term
major adverse cardiovascular events (MACEs)
in multivariate Cox regression analysis.
Conclusion. In the present study, baseline
TIMI flow 0–1, admission eGFR, and UA levels
were correlated with MACEs during long-term
follow-up in young patients with NSTEMI.

Keywords
Myocardial infarction · Uric acid · Young
adults · Major adverse cardiovascular events ·
Prognosis

Prognostischer Wert der Serumharnsäurewerte bei Patientenmit NSTEMI und perkutaner
Koronarintervention

Zusammenfassung
Hintergrund. Da ein Herzinfarkt bei jungen
Erwachsenen selten ist, gibt es Untersuchun-
gen dazu in dieser Patientengruppe nur in
begrenztemUmfang. Zu den Langzeitergeb-
nissen von Patienten unter 40 Jahren mit
Nicht-ST-Strecken-Hebungs-Infarkt (NSTEMI),
bei denen eine invasive Therapie durchgeführt
wurde, gibt es nur sehr wenige Daten. Der
prognostische Wert der Harnsäurewerte bei
jungen Patientenmit NSTEMI, bei denen
eine perkutane Koronarintervention (PCI)
erfolgt, ist bisher ebenfalls nicht untersucht
worden. Ziel der vorliegenden Studie war
es, die klinischen Langzeitergebnisse dieser
speziellen Untergruppe junger Patienten zu
untersuchen. Darüber hinaus war es Ziel der
Autoren, die Bedeutung der Harnsäure im Se-
rum für die Vorhersage der Langzeitprognose

junger Patientenmit NSTEMI zu ermitteln, bei
denen eine PCI durchgeführt wurde.
Methoden. Retrospektiv wurden die Daten
von 213 jungen erwachsenen Patienten
(≤40 Jahre) mit NSTEMI ausgewertet, bei
denen während ihres stationären Aufenthalts
in dem Tertiärversorgungszentrum der
Autoren eine PCI erfolgte.
Ergebnisse. Das durchschnittliche Alter
der 213 Patienten betrug 36,8± 3,3 Jahre
(Spanne: 21–40 Jahre). Im Mittel dauerte die
Nachbeobachtungsphase 930 Tage. Die hier
untersuchtenPatientenwaren in der Mehrzahl
Männer (88,3%), und die häufigsten üblichen
kardiovaskulären Risikofaktoren waren Rau-
chen und Fettstoffwechselstörungen. Ein TIMI-
Fluss (Thrombolysis-in-myocardial-Infarction-
Klassifikation) zu Studienbeginn von 0–1,

die geschätzte glomeruläre Filtrationsrate
(eGFR) und die Harnsäurewerte stellten sich
in der multivariaten Cox-Regressionsanalyse
auf lange Sicht als unabhängig mit schweren
ungünstigen kardiovaskulären Ereignissen
(MACE) korreliert heraus.
Schlussfolgerung. Ein TIMI-Fluss von 0–1,
die eGFR bei stationärer Aufnahme und die
Harnsäurewerte waren in der vorliegenden
Studie mit MACE während der Langzeit-
nachbeobachtung bei jungen Patientenmit
NSTEMI korreliert.

Schlüsselwörter
Myokardinfarkt · Harnsäure · Junge Erwach-
sene · Schwere ungünstige kardiovaskuläre
Ereignisse · Prognose

hospitalization. Also, 75mg clopidogrel
and 100mg acetyl salicylic acid were
given in combination once daily.

Major adverse cardiovascular events
(MACE) were defined as death, reinfarc-
tion, or target vessel revascularization af-
terhospitaldischargeandbeyond30days.
Reinfarction was diagnosed on the basis
of the presence of electrocardiographic
changes and new elevations of cardiac
biomarkers with the recurrence of symp-
toms. Target vessel revascularizationwas

defined as any repeat percutaneous inter-
ventionor surgical bypass of any segment
of the target vessel. The target vessel was
defined as the entire major coronary ves-
sel proximal anddistal to the target lesion
that includes upstream and downstream
branches and the target lesion itself.

Statistical analysis

All data are presented as a mean± SD or
a median [interquartile range] for para-

metric variables and as percentages for
categorical variables. Continuous vari-
ables were checked for the normal distri-
bution assumption using Kolmogorov–
Smirnov statistics. Differences between
MACE(+) and MACE(–) were evaluated
using two-sample t tests. Categorical
variables were tested with Pearson’s chi-
squared test and Fisher’s exact test. Cor-
relation between two continuous vari-
ables was calculated with the Pearson
coefficient correlation. Receiver oper-
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Table 2 Comparison of laboratory parameters in the study population

Laboratory parameters Total
(n= 213)

MACE (–)
(n= 167)

MACE (+)
(n= 46)

p

Uric acid, mg/dl 5.8± 1.3 5.6± 1.3 6.5± 1.2 <0.01

CRP, mg/l 0.69 [1.5] 0.6 [1.2] 0.8 [1.9] 0.66

WBC count, ×1000/ml 10.5± 2.8 10.4± 2.9 10.8± 2.8 0.40

Hemoglobin, g/dl 14.6± 1.5 14.6± 1.4 14.6± 1.9 0.77

Platelet count, ×1000/μl 247.0 [78.5] 245.0 [69.0] 256.5 [102.7] 0.33

MPV, fl 7.9± 1.3 7.8± 1.1 8.3± 1.9 0.02

Troponin I, ng/ml 2.5 [11.9] 2.5 [11.9] 2.0 [12.3] 0.41

Creatinine, mg/dl 0.84± 0.19 0.82± 0.14 0.91± 0.29 <0.01

Glucose, mg/dl 104.0 [35.0] 103.0 [34.0] 104.0 [46.0] 0.74

Total cholesterol, mg/dl 191.0 [64.0] 194.0 [59.0] 184.0 [74.2] 0.33

LDL cholesterol, mg/dl 116.0 [51.0] 118.0 [49.0] 106.0 [62.0] 0.08

HDL cholesterol, mg/dl 34.1± 8.5 33.9± 8.5 34.5± 8.4 0.69

Triglyceride, mg/dl 171.0 [142.0] 171.0 [148.0] 175.5 [122.0] 0.85

Data are presented as mean (SD) or median [IQR]
CRP C-reactive protein, HDL high-density lipoprotein, LDL low-density lipoprotein, MPV mean
platelet volume,WBCwhite blood cell

Table 4 Univariate andmultivariate Cox regression analysis of possible predictors ofmajor car-
diac events in the study population

Variables Unadjusted HR
(95%CI)

p Adjusted HR
(95%CI)

p

Age 1.08 (0.98–1.18) 0.09 1.01 (0.92–1.10) 0.83

Hypertension 1.74 (0.95–3.1) 0.06 1.32 (0.69–2.52) 0.40

LAD culprit 1.67 (0.92–3.0) 0.08 1.18 (0.62–2.24) 0.61

Baseline TIMI 0–1 2.72 (1.45–5.09) <0.01 2.76 (1.24–6.16) 0.01

eGFR 0.97 (0.96–0.99) <0.01 0.97 (0.96–0.99) 0.02

Uric acid 1.36 (1.10–1.16) <0.01 1.24 (1.01–1.55) 0.04

Parameters with p< 0.10 in univariate model were entered into the multivariate regression analysis,
The p value < 0.05 was considered to be statistically significant
CI confidence interval, eGFR estimated glomerular filtration rate, HR hazard ratio, LAD left anterior
descending artery, TIMI Thrombolysis in Myocardial Infarction

ating characteristic (ROC) curves were
generated to define the cut-off values of
UA for MACE. Using these cut-off val-
ues ofUA levels, Kaplan–Meier estimates
and curves were generated, and groups
were compared using log-rank tests. Cox
regression analyses were used to inves-
tigate the univariable and multivariable
predictors of MACE during the study
period. Forward stepwise multivariable
regressionmodels using parameters with
p< 0.10 were created in Cox regression
analyses. All p values were two-sided,
and values less than 0.05 were consid-
eredstatisticallysignificant. All statistical
studies were carried out using the Sta-
tistical Package for Social Sciences soft-
ware (SPSS 22.0 forWindows, SPSS, Inc.,
Chicago, IL, USA). The ROC curves of

the models were compared using with
MEDCALC software program (Software
bvba 13, Ostend, Belgium).

Results

The mean age of the 213 patients was
36.8± 3.3years (range, 21–40years). Me-
dian follow-up was 930 days (interquar-
tile range: 32–3700 days). Our patients
were predominantly male (88.3%) and
the most frequent traditional cardio-
vascular risk factors were smoking and
dyslipidemia (66.7 and 40.8%, respec-
tively). Demographic, angiographic, and
laboratory characteristics of the patients
are summarized in . Tables 1 and 2. In
all, 25% of the study participants had
multivessel disease. The left anterior

Table 3 Multicollinearity analysis for pa-
rameters of themodel

Collinearity
statistics

Model Tolerance VIF

Age 0.913 1.096

Hypertension 0.896 1.117

LAD culprit 0.933 1.071

Baseline TIMI 0–1 0.942 1.062

eGFR 0.848 1.179

Uric acid 0.964 1.038

eGFR estimated glomerular filtration rate,
TIMI Thrombolysis in Myocardial Infarction,
LAD left anterior descending artery, VIF vari-
ance inflation factor, Tolerance should be
above 0.1 and the VIF value should be be-
low 10 for all variables

descending (LAD) artery was the most
common culprit artery (45.5%). Pro-
cedural success was achieved in 196
(92%) patients. Hyperuricemia was
present in 47 (22.1%) patients. Serum
creatinine and UA levels as well as and
mean platelet volume as continuous
variables were significantly higher in
the MACE+ group. Hypertension and
hyperuricemia as categorical variables
were also significantly more frequent in
the MACE+ group. The eGFR was sig-
nificantly lower in the MACE+ patient
group and there were only two patients
with eGFR <60ml/min/1.73m2 from
the whole patient cohort. No patient
presented with cardiopulmonary arrest,
cardiogenic shock, and Killip classes
III–IV. In-hospital outcomes were excel-
lentwithout anymorbidity andmortality.
During long-term follow-up, MACEs
(CV death, reinfarction, target vessel
revascularization) were observed in 46
patients (21.6%). The leading cause of
MACE was reinfarction (38 out of 46
patients). Only two patients died during
the follow-up period.

In univariate correlation analysis,
plasma UA levels were positively cor-
related with creatinine levels (r= 0.19,
p< 0.01) and negatively correlated with
eGFRmeasurements (r=–0.16, p= 0.01).
The tolerance and variance inflation fac-
tor (VIF) were determined to assess
multicollinearity for the parameters in
the model. Because all values of tol-
erance were >0.1 and VIF values were

392 Herz 4 · 2020



Fig. 18 The receiver operating characteristics
curve analysis representing the cut-off value for
uricacid (UA) topredict long-termmajoradverse
cardiovascular events among the study popula-
tion

<10, we can conclude that there was no
multicollinearity between each of the
parameters in the model (. Table 3).

In univariate regression analysis, age,
hypertension, the culprit lesion in the
LAD, baseline TIMI flow 0–1, admission
UA levels, and eGFRmeasurementswere
found to be correlated with MACE in
the study population. When applying
these parameters to multivariate Cox
regression analysis, baseline TIMI flow
0–1 (Hazard ratio [HR]: 2.76, 95% CI:
1.24–6.16, p= 0.01), eGFR (HR: 0.97,
95% CI: 0.96–0.99, p= 0.02), and UA
(HR: 1.24, 95% CI: 1.00–1.55, p= 0.04)
were found to be independently corre-
latedwithMACE in the study population
(. Table 4).

InROCanalysis, UA levels of>5.2mg/
dl predicted MACE with a sensitivity of
84.7% and a specificity of 43.7% (AUC:
0.68, p< 0.001; . Fig. 1). Patients with
UA levels of >5.2mg/dl had a 2.9-fold
increased risk for MACE compared with
patientswithUAlevelsof<5.2mg/dl (HR:
2.93, 95% CI 1.30–6.61, p= 0.01 for UA
level >5.2 vs. <5.2).

We also performed a ROC analysis of
the regression model with and without
UAseparately. Whenthedependentvari-
able was MACE, the AUC of the model
without the inclusion of UA was 0.547.
When we included UA in the model, the
AUC was 0.591. The inclusion of UA
into the multivariate model was associ-
ated with a significant improvement in
the discriminatory power of the model
in terms of MACE (p= 0.01).

InKaplan–Meiercurves, patientswith
UA levels above the cut-off value had
a significantlyhigher risk forMACE(log-
rank p< 0.01; . Fig. 2). According to the
survival table, Kaplan–Meier estimates of
1-year MACE rates between both groups
(UA level >5.2 and <5.2) were 9.9% vs.
3.8%, respectively.

Discussion

The main findings of our study were
as follows: (1) Admission UA levels,
baseline TIMI 0–1 flow, and lower eGFR
were independent predictors of poor
long-term prognosis in young NSTEMI
patients (≤40 years old) who under-
went PCI. (2) In the present study, in-
hospital MACE-free survival rates for
young NSTEMI patients were excel-
lent; in addition, long-term MACE rates
were relatively high and comparable
with those in previous studies involv-
ing NSTEMI patients from non-age-
restricted populations. (3) In ROC anal-
ysis, the cut-off value for UA to predict
MACE was 5.2mg/dl and this value
was far below the limits used to define
hyperuricemia. (4) Patients with UA
levels of >5.2 had a 2.9-fold increased
risk for MACE during long-term follow-
up. (5) In addition, the inclusion of UA
into the multivariate model significantly
improved its performance.

AcuteMIis rarelyseeninpatientsaged
40 years or younger and STEMI is the
most common clinical manifestation of
ACS in young adults. The available data
were mainly obtained from the entire
spectrum of ACS, ranging from STEMI
to unstable angina with a wider age range
of participants up to 55 years old [12–16].
Consequently, there are few reports with
a very limited number of patients in
the literature investigating outcomes of
young patients who underwent PCI dur-
ing their hospitalization with the diagno-
sis of NSTEMI [17, 18]. Further, STEMI
andNSTEMI are twodistinct pathophys-
iological entities in terms of diagnostic
criteria, therapeutic approaches, timing
of the revascularization, and short- or
long-term outcomes. For this reason, we
tried to establish a homogeneous popula-
tionwith regard to the admissiondiagno-
sis so as to improve the predictive accu-

racy of our findings. Following cardiac
catheterization, patients with NSTEMI
have a higher risk of long-term mor-
tality than patients with STEMI. Young
adults with ACS have a favorable out-
come in terms of mortality but reinfarc-
tion and revascularization rates are sim-
ilar to those of the older counterparts in
the long-term follow-up [19]. Recently,
researchers have found that the percent-
age of admissions for STEMI decreased,
while that of admissions for NSTEMI
increased significantly over the years in
a recent multicenter, prospective study
that included 1639 young patients with
the entire spectrumofACS [20]. In addi-
tion, in a previous study involving adults
withoutage restriction,NSTEMIpatients
were found to have worse long-term sur-
vival after 6 months than their STEMI
counterparts [21]. In light of these previ-
ous studies, our findings are particularly
important for thepredictionof long-term
adverse events that pose serious quality-
of-life issuesowing to theyoungageof the
patients and their long life expectancy.

In our study, cardiovascular risk fac-
tors were relatively low except for dys-
lipidemia and smoking, procedural suc-
cess rates were high, and single-vessel
disease was more frequently detected in
concordance with the results of similar
previous studies conducted with young
ACS patients [12, 19, 22, 23]. Approxi-
mately 20% of the patients had baseline
TIMI flow 0–1 before the revasculariza-
tion procedure and this was the strongest
independent predictor of poor long-term
prognosis in the present study. Current
guidelines recommend immediate, early,
or delayed invasive strategies according
to the estimated risk in NSTEMI pa-
tients. Sometimes, young patients who
have baseline TIMI flow 0–1 do not meet
the criteria for immediate invasive strate-
gies and may not benefit from the fa-
vorable long-term effects of early revas-
cularization. The long duration of low
baseline TIMI flow poses a higher risk to
NSTEMI patients during the short- and
long-term period. Timely revasculariza-
tion of younger patients with NSTEMI
is particularly important to improve the
long-term outcomes because the clinical
benefits tend to emerge late rather than
early.
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Fig. 29 Kaplan–Meier
survivalcurveforcardiovas-
cularmortality andmajor
cardiovascular events ac-
cording to the cut-off level
of uric acid (UA, 5.2mg/dl).
Cum. cumulative

Our research data indicate that in-
creased serum UA levels are associated
with long-term adverse cardiovascular
outcome in young NSTEMI patients
treated with PCI. Uric acid, the end
product of endogenous and dietary
purine metabolism, is produced via
the enzymatic activity of xanthine oxi-
dase. Xanthine oxidase activity generates
free radicals and other oxidant reactive
species that play a significant role in
increased vascular oxidative stress [24].
Oxidative stress is closely related to
endothelial dysfunction and vascular
inflammation. Reactive oxygen species
are key mediators of signaling pathways
that underlie vascular inflammation in
atherogenesis, starting from the initia-
tion of fatty streak development, through
lesion progression, to ultimate plaque
rupture. In addition, UA induces en-
dothelial dysfunction owing to its detri-
mental effects on nitric oxide synthesis
[25]. In addition, a high UA level causes
insulin resistance and is associated with
increased lipid peroxidation and platelet
activation [26–28].

Previous studies have shown the rela-
tionship betweenUA and different disor-

ders suchasHT[29], DM[30], metabolic
syndrome [31], renal failure [32] and
CAD[33]. HighUAhas been found as an
independent marker of impaired prog-
nosis in patients with moderate to severe
congestive heart failure (CHF) [34]. Al-
though, the role of UA as an independent
prognostic factorinpatientswithACShas
been a matter of debate for years, recent
studieshavereported the independentas-
sociation of elevated UA with long-term
mortality andMACE inACSpatients un-
dergoing PCI [35–37]. A community-
based, prospective observational study
by Culleton and colleagues which was
conducted in Framingham Heart Study
participants claimed that UA does not
have a causal role in the development
of CAD and outcomes, instead, these
outcomes might be due to the associ-
ation of UA level with other risk factors
[38]. In furtherance of this study, Pineda
et al. have found that hyperuricemia was
independently associated with medium/
long-term mortality and major cardio-
vascular events in ACS patients, how-
ever, this significant relationship disap-
peared when non-diabetic patients were
analyzed separately [39]. Consequently,

high UA level is closely associated with
age, HT, DM, dyslipidemia, renal func-
tion, andpreviousdiuretic use. Although
the independent association betweenUA
and mortality persists after adjustment
for confounding factors in many trials
that found UA as a prognostic factor in
ACS patients, there may still be residual
confounding variables such as hyperin-
sulinemia or diuretic use. The strength of
UAas an independent prognosticmarker
may increase when the prevalence of as-
sociated cardiovascular risk factors is de-
creased in the analyzed population. In
our opinion, the relatively low cardio-
vascular risk profile of our participants
and the presence of a few patients with
a history of CHF and CKD strengthens
the prognostic value of UA in our study.

Furthermore, ROC analysis showed
>5.2 as the best cut-off value for UA to
predictMACE inouryoungpatientswith
NSTEMI. This cut-off value was much
lower thanprevious studies had detected,
which investigated the role of UA as an
independent predictor of cardiovascular
eventsandmortality[37, 40]. Inaddition,
the UA value was independently associ-
ated with MACEs, while hyperuricemia,
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as a categorical variable, was not found to
beanindependentpredictorofMACEsin
the present study. These findings should
beemphasizedbecause theUAlevel, even
within normal limits, may be a reliable
marker for predicting the prognosis of
young patients with NSTEMI.

Limitations

Our study has a number of limitations,
including its retrospective nature, a small
sample size, and the fact that it was con-
ducted at a single institution. The small
sample size affects the power and sig-
nificance of the findings. Although we
adjusted our Cox proportional hazards
model for known confounding variables,
other unknown confounders might have
affected the outcome. We restricted the
selection to young patients to analyze
a homogeneous population and included
only the patients who underwent PCI
with the diagnosis of NSTEMI.However,
considering the retrospective nature of
this study, the timing of the intervention
was left to the discretion of the physi-
cian resulting in inappropriately delayed
invasive therapy in some cases, which
might have an impact on outcomes. Fi-
nally, wewereunable toobtaindata for all
inflammatorymarkers, including the lev-
els of interleukins, tumor necrosis factor,
and myeloperoxidase, which have been
shown to be associated with long-term
outcomes in patients with ACS.

Conclusion

Despite the increasing prevalence of
young patients with myocardial in-
farction (MI) in recent years, there is
a paucity of information concerning the
long-term prognosis of young adults
with non-ST-elevation myocardial in-
farction (NSTEMI). Baseline Thromboly-
sis in Myocardial Infarction flow grade
0–1, serum uric acid (UA) levels, and
estimated glomerular filtration rate
(eGFR) have been shown to be inde-
pendent predictors of major adverse
cardiac events (MACE) in young patients
with NSTEMI who underwent percu-
taneous coronary intervention during
their hospitalization.

The most important finding in the cur-
rent study is the independent associa-
tion of increased plasma UA levels and
MACE during the long-term follow-up
of our young patients. Uric acid is easy
tomeasure, inexpensive, and a reliable
parameter that can be used to identify
high-risk patients. Despite the contra-
dictory evidence in the literature with
regard to the role of UA as a prognostic
marker in acute coronary syndrome, our
results may provide additional evidence
in favor of the independent predictive
value of UA. An association between
UA andMACE is shown for the first time
in such a young population with a rel-
atively low cardiovascular risk profile.
Further research is needed with a larger
sample size to evaluate the role of UA as
a risk marker in young patients.
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