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Abstract. — OBJECTIVE: This study aims to
construct a prediction model based on non-in-
vasive examination and cardiovascular risk fac-
tors, to predict the presence of coronary ar-
tery disease (CAD) and its severity in patients
with low-risk unstable angina pectoris (UAP)/
Non-ST Segment Elevation Myocardial Infarc-
tion (NSTEMI).

PATIENTS AND METHODS: This cross-sec-
tional study aimed to assess the association be-
tween non-invasive examinations and cardio-
vascular risk factors in predicting CAD. Mod-
el constructed based on non-invasive assess-
ment and cardiovascular risk factors was com-
pared to coronary angiography, the reference
standard.

RESULTS: This study included 104 patients,
comprising 60 men and 44 women, who ful-
filled the inclusion criteria. The mean age was
52.3 (6.8) years. Two diagnostic prediction mod-
els were constructed after series of analyses.
The main model consists of NO, CIMT, history of
smoking, and Age-Gender, while the alternative
model consists of CIMT, history of smoking, and
Age-Gender. The main model has AUC of 74.5%
(95% ClI: 64.9-84.1), sensitivity of 72.7% (95% ClI:
57.2-85.0), specificity 65.0% (95% CI: 51.6 -76.9
for a cut-off point of 74.5. While the alternative
model has 69.0% AUC (95% CI: 58.9-79.1), sen-
sitivity of 65.9% (95%: 50.1-79, 5), a specificity
of 56.7% (95% Cl: 43.2-69.4) for a cut-off point
of 69. The main model and the alternative model
have similar diagnostic prediction performance
based on the ROC comparison test (p = 0.70).

CONCLUSIONS: Based on these results, we
conclude that NO, CIMT, smoking history, and
age-gender have a value of diagnostic validity in
subjects with low-risk UAP/NSTEMI.
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Introduction

Coronary artery disease (CAD) remains the
leading cause of mortality and morbidity world-
wide'. Early detection and diagnosis are crucial
for reducing morbidity and mortality in patients
with CAD. Early detection of CAD can be done
with invasive and non-invasive methods. Non-in-
vasive method is preferred because of its scal-
ability, convenience, and cost-efficiency. Several
non-invasive examinations are used to predict
the presence of CAD, including Carotid Intima
Media Thickness (CIMT), Ankle Brachial Index
(ABI), Flow Mediated Dilatation (FMD), plasma
levels of Endothelin-1 (ET-1), and Nitric Oxide
(NO)*%. However, which of these methods is the
best remains controversial>®’"!. In addition to
the non-invasive methods, some reports indicate
that cardiovascular risk factors may also be used
to predict CAD, although the evidence remains
elusive'*".

Patients with acute coronary syndrome (ACS)
present with acute chest discomfort due to ath-
erosclerotic plaque rupture or erosion, caus-
ing thrombosis and impaired blood flow that
can be life-threatening'®. Patients with non-ST
segment elevation acute coronary syndrome
(NSTE-ACS) may present with or without signs
of cardiomyocyte necrosis. Thus, NSTE-ACS
was further classified into non-ST-segment el-
evation myocardial infarction (NSTEMI) and
unstable angina pectoris (UAP) based on the
presence of cardiomyocyte necrosis'®. Patients
with NSTE-ACS may demonstrate a wide range
of symptoms from vague chest pain to hemo-
dynamic instability and cardiac arrest. High-
risk patients with hemodynamic instability and
cardiac arrest usually underwent coronary an-
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giography'®. However, the indication is often
unclear in patients with low-risk UAP/NSTEMI.
In low-middle income countries, coronary an-
giograms cannot be performed as generously
as high-income countries due to economic and
workforce limitations; thus, a non-invasive mo-
dality may be valuable. This study aims to con-
struct a prediction model based on non-invasive
examination and cardiovascular risk factors, to
predict the presence of CAD and its severity
in patients with low-risk UAP/NSTEMI. The
presence of CAD and its severity was obtained
through coronary angiography and the calcula-
tion of the Gensini score.

Patients and Methods

This cross-sectional study aimed to assess the
association between non-invasive examination
and cardiovascular risk factors in predicting cor-
onary artery disease, proved by coronary angiog-
raphy. This study was designed as a diagnostic
test to assess the validity of a non-invasive and
cardiovascular risk factor in predicting CAD
based on coronary angiography findings. Model
based on non-invasive assessment and cardiovas-
cular risk factors was compared to coronary an-
giography, the reference standard. This study was
conducted at the National Cardiovascular Center
Harapan Kita (Jakarta, Indonesia). The target
population in this study was all patients with
UAP/NSTEMI with low TIMI risk stratification.
The samples were obtained consecutively. The
patients presented to the National Cardiovascular
Center Harapan Kita with a diagnosis of UAP/
NSTEMI with low TIMI risk stratification and
underwent a coronary angiography examination.
The dependent variable is CAD (as evidenced by
coronary angiography). The independent vari-
ables consist of four aggregate variables, namely:
history of illnesses (family history, smoking his-
tory, and age-gender), physical examination (obe-
sity and hypertension), laboratory findings (dys-
lipidemia and diabetes mellitus), and the non-in-
vasive vascular examinations, including Flow
Mediated Dilation (FMD), Carotid Intima-Media
Thickness (CIMT), Ankle Brachial Index (ABI),
Endothelin-1 (ET-1) and Nitric Oxide /(NO).

All subjects who met the inclusion criteria
following examination and coronary angiogram
were divided into two groups, CAD and non-
CAD group, based on coronary angiography find-
ings. Criteria of CAD was based on coronary
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stenosis > 50 % as proposed by ACC/AHAY.
Laboratory tests ET-1 and NO and non-invasive
vascular assessments (CIMT, ABI, FMD) were
performed the following morning at the vascu-
lar clinic. ABI was performed manually using a
pencil Doppler probe applied in both ankles and
arms. The lowest measurement of both sides con-
cluded as the ABI value of each subject. CIMT
measurement method referred to the ASE recom-
mendation and was performed using a semi-auto-
mated method called automatic border detection”
8, CIMT measurement was performed with GE
Logic E ultrasound machine, equipped with a 11
Mhz Linear Probe (GE Healthcare Corp, Chica-
go, IL, USA). FMD was performed with the distal
occlusion method proposed by Corretti et al',
by using ALOKA Prosound a-100 ultrasound
machine with 7.5 Mhz linear probe (Aloka UST-
5710, Aloka Inc, Wallingford, CT, USA). A dedi-
cated wall track system, called E-Tracking™ was
applied to measure the FMD value automatically.
A blood sample for endothelin-1 was drawn with
6 mL of blood collected in EDTA tube and then
centrifuged at 300 rpm (1500 g) for 15 minutes.
Plasma for ET-1 measurement then stored at mi-
nus 60°C. Plasma ET-1 was measured by ELISA
method with Quantikinine Human Endothelin -1
Immunoassay Kit, catalog number DET-100 SET-
100 R&D Systems (Inc., 614 McKinley Place
NE, Minneapolis, MN 55413, USA)*. NO mea-
surement was performed indirectly by measuring
its metabolites (nitrate and nitrite) as proposed
by Bryan et al?'. Blood sample was drawn for 4
mL, then collected in a non-anticoagulant tube
(plain tube), kept for 45-60 minutes until a clot
formed, then centrifuged at 3000 RPM (1500
g). The serum was then collected and stored at
60°C until later used for measurement. Nitrate
and nitrite measurement was performed with the
Colorimetric technique; a Griess reaction method
was applied to measure the sum of nitrite level,
as nitrates will be changed to nitrites by nitrate
reductase. This measurement was done using a
Nitrate/Nitrite Colorimetric Assay kit catalog no
780001 from Cayman Chemical Co., (Ann Arbor,
MI, USA)*. The results of coronary angiography
were reviewed by one interventional cardiologist
blinded to the patient condition to determine the
degree of severity denoted by Gensini score. This
study has been approved by the Research Ethics
Committee of the Faculty of Medicine, Universi-
ty of Indonesia, and the Medical Research Ethics
Committee of the National Cardiovascular Center
Harapan Kita.
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Statistical Analysis

Continuous data with normal distribution were
presented as mean + standard deviation (SD), and
those without normal distribution were reported
as median (minimum-maximum). Independent
T-test was performed for normally distributed da-
ta and Mann-Whitney test for abnormally distrib-
uted data. Categorical variables were analyzed
using Chi-square or Fischer exact test. Spearman
correlation was performed for the CIMT and
Gensini score. Risk ratios of the model and its
associated variables were calculated using the
linear regression test. The sensitivity, specificity,
positive and negative likelihood ratios were then
calculated for the optimal cut-off point derived
from the receiver operating curve characteristics.
All p-values in this study were two-tailed, and p
< 0.05 indicates statistical significance. The data
was analyzed using SPSS 25.0 (IBM Corp, Ar-
monk, NY, USA).

Results

During 15 months, there were 1827 patients
with UAP/NSTEMI, and 124 of them were strat-
ified as low-risk UAP/NSTEMI. This study in-
cluded 104 patients, comprising 60 men and 44
women, who fulfilled the inclusion criteria. The
mean age was 52.3 (6.8) years. The majority of

Table I. Subject characteristics.

subjects (60.6%) was overweight. Approximately
38.5% of the study subjects have a history of
smoking. Baseline characteristics of the included
subjects are shown in Table L.

There were 44 patients with CAD and 60 pa-
tients with normal coronary arteries. The median
and range of non-invasive measurements based
on the presence of CAD are shown in Table
II. Among the non-invasive measurements, NO
demonstrated the strongest association with the
presence of CAD (RR 1.97;95% CI 1.17 - 3.31; p =
0.006). NO above 7.3 has a sensitivity of 70 % for
the presence of CAD, as shown in Table III. The
association between non-invasive measurement
and CAD is shown in Table I'V. The association of
risk factors and non-invasive measurements with
the diagnostic prediction model is shown in Table
V. This prediction model was taken by multivari-
ate analysis with Linear Regression analysis. Two
diagnostic prediction models were constructed,
the main model consists of NO, CIMT, history of
smoking, and Age-Gender, while the alternative
model consists of CIMT, history of smoking, and
Age-Gender. The main model has AUC of 74.5%
(95% CI: 64.9-84.1), sensitivity of 72.7% (95%
CI: 57.2-85.0), specificity 65.0% (95% CI: 51.6
-76.9 for a cut-off point of 74.5. While the alter-
native model has 69.0% AUC (95% CI: 58.9-79.1),
sensitivity of 65.9% (95%: 50.1-79, 5), a specifici-
ty of 56.7% (95% CI: 43.2-69.4) for a cut-off point

Mean (SE) N %
Age (years)* 52.3 (6.8)
Gender Men 60 57.7
Women 44 423
BMI Classification (Asia Pacific) Underweight (< 18.5) 1 1.0
Normal (18.5-22.9) 20 19.2
At risk of obesity (23.0-24.9) 22 21.2
Obesity I (25-29.9) 50 48.1
Obesity II (= 30.0) 11 10.6
Diabetes Yes 26 25.0
No 78 75.0
Cigarette Smoking Yes 40 38.5
No 64 61.5
Dyslipidemia Yes 66 63.5
No 38 36.5
Hypertension Yes 47 452
No 57 54.8
Total TIMI score 0/7 2 1.9
1/7 38 36.5
2/7 64 61.5
Diagnosis UAP 98 94.2
NSTEMI 6 5.8
Total 104 100
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Table Il. Median and range of non-invasive measurements based on CAD.

Variable CAD median (Min-Max) Non CAD median (Min-Max) Pt
CIMT (mm) 0.92 (0.60-2.50) 0.84 (0.54-1.72) 0.020
FMD (%) 6.35 (.98-32.94) 8.18 (0.57-35.90) 0.242
ABI 1.08 (0.75-1.30) 1.07 (0.89-1.30) 0.665
NO (pg/mL) 6.75 (2.80-26.70) 7.55 (2.00-44.20) 0.152
ET-1(uM/L) 1.27 (0.12-4.04) 1.23 (0.07-6.06) 0.541
Ratio NO/ET-1 5.49 (0.79-95.83) 6.42 (1.39-76.00) 0.186

“Mann-Whitney test.

Table Ill. Diagnostic prediction value of non-invasive measurement.

AUC Cut off Sensitivity (%) Specificity (%)
ET-1 (pg/mL) 53.5(42.3-64.7) 1.005* 70.5 35.0
NO (uM/L) 58.2 (47.1-69.4) 7.3%* 70.5 66.7
CIMT (mm) 63.4 (52.2-74.6) 0.8175* 727 45.0
FMD (%) 56.7 (45.6-67.9) 11.615%* 70.5 36.7
ABI 52.1 (40.8-63.4) 1.035%* 70.5 333
Ratio NO/ET-1 57.6 (46.5-68.8) 6.71%* 70.5 48.3

*Indicator of CAD if the value > cut off point. **Indicator of CAD if the value < cut off point.

of 69. The main model and the alternative model
have similar diagnostic prediction performance
based on the ROC comparison test (p = 0.70)
(Table VI).

Correlation Between CIMT and
CAD Severity

There was a weak positive correlation between
the CIMT and Gensini score (r = 0.22 and p =
0.006) (Figure 1 and Figure 2).

Discussion

CIMT and CAD

The cut-off point for CIMT in our study was
0.82 mm, which means that CIMT > 0.82 mm
is classified as abnormal. This cut-off point is
similar to the existing literature in the range
of 0.65-1.0 mm?>%1%2325 There was a significant
difference in terms of CIMT between CAD (0.92
mm) and non-CAD groups (0.84 mm), which is

Table IV. Association between non-invasive measurements and CAD.

CAD Non CAD 95% CI
Adjusted
Cut off* N % N % P RR Min MAX

CIMT (mm) >0.82 32 49.2 33 50.8 0.065 1.60 0.94 2.72
<0.82 12 30.8 27 69.2 Ref

NO (uM/L) <7.30 31 544 26 45.6 0.006 1.97 1.17 3.31
>17.30 13 277 34 72.3 Ref

FMD (%) <11.62 31 449 38 55.1 0.448 1.21 0.73 2.00
> 11.62 13 37.1 22 62.9 Ref

ET-1 (pg/mL) >1.01 31 443 39 55.7 0.558 1.16 0.70 1.91
<1.01 13 38.2 21 61.8 Ref

ABI >1.04 31 437 40 56.3 0.682 1.11 0.67 1.83
<1.04 13 39.4 20 60.6 Ref

Rasio NO/ET-1 <6.71 31 50.0 31 50.0 0.054 1.62 0.96 2.71
>6.71 13 31.0 29 69.0 Ref

Total 44 42.3 60 57.7

*Cut off based on sensitivity of 70%.
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Table V. Association of risk factors and non-invasive measurements with diagnostic prediction model.

95% CI
Adjusted
B SE \Xald Df P RR Min Max
Age-Gender 0.518 0.373 1.931 1 0.165 1.68 0.81 3.49
Cigarette smoking (+) 0.422 0.314 1.803 1 0.179 1.53 0.82 2.82
CIMT > 0.82 mm 0.308 0.349 0.779 1 0.377 1.36 0.69 2.70
NO <730 uM/L 0.674 0.331 4.129 1 0.042 1.96 1.02 3.76

consistent with previous reports by Teragawa et
al®, Furumoto et al® and Kaku et al’, which found
that CIMT was closely associated with CAD.
Holland et al?® concluded that the increase in
CIMT is associated with future cardiovascular
and stroke events. Cicorella et al?, Heuten et al?’
and Kasliwal et al® described that CIMT was
correlated with the left main disease.

NO and CAD

The level of NO was represented by its metab-
olites (nitrite and nitrates) in this study. The con-
centration of NO was lower in patients with CAD
compared to non-CAD. The cut-off point was
determined to be 7.3 uM/L. This cut-off point
was lower than previously reported by Segzin et
al®, Ferlito et al*” and Akiyama et al’'.

Akiyama et al*' used chemiluminescent meth-
ods, which are different to spectrophotometry;
however, whether this difference affects the result
remains to be investigated.

On the other hand, de Miguel et al*? showed
that plasma NO in patients with UAP was rela-
tively lower than patients with STEMI because
the neutrophil of STEMI patients produces more
NO compared to UAP patients.

Another factor to be considered in Akiyama et
al’' study was that patients undergoing coronary
angioplasty have significantly increased NO lev-

Table VI. Comparison of 2 diagnostic prediction models.

els. Although there was no reliable data on the
effect of coronary angioplasty on NO, a study
reported that coronary angiography increases the
level of NO*.

Upchurch et al** reported that a decreased NO
in patients with ACS is related to heparin. Hep-
arin is routinely given in ACS will lead to inhi-
bition of cGMP production by platelets. Another
possible explanation is the decreased level of
steady-state NOS IIIl mRNA and destabilization
of extracellular NO due to the release of Super
Oxide Dismutase from the cell surface.

Another explanation of the reduced amount
of NO level during ACS is related to endothe-
lin-1, which leads to NO production due to the
inhibitory mechanism of eNOS expression from
endothelial cells by a specific isoform of PKC as
proposed by Ramzy et al** and Freedman et al®
demonstrated that reducing of NO production
is related to platelet aggregation and thrombus
formation in acute coronary syndrome. Bioavail-
ability of NO is determined by many causes,
including oxidative stress®. Thus, our finding
regarding a relatively lower level of NO in CAD
subjects is consistent with the previous report as
mentioned above. A rapid NO examination Kkit,
which measures nitrate and nitrite similar to that
of the rapid troponin kit, is needed to improve the
scalability of the main model.

Main Model

Alternative Model P

AUC; % (95% CI)

Score Cut off sk 74.5 (64.9-84.1)
Sensitivity; % (95% CI) 8

Specificity; % (95% CI) 72.7% (57.2-85.0)
PPV;% (95% CI) 65% (51.6-76.9)
NPV;% (95% CI) 60.4% (46.0-73.5)

Likelihood Ratio (+) (95% CI)
Likelihood Ratio (-) (95% CI)

76.5% (62.5-87.2)
2.08 (1.41-3.07)
0.42 (0.25-0.70)

y = -0.146xtotal score 1

y = -0.154xtotal score 2 0.170*

69.0 (58.9-79.1)
5

65.9% (50.1-79.5)
56.7% (43.2-69.4)
52.7% (38.8-66.3)
69.4% (54.6-81.7)
1.52 (1.06-2.18)
0.60 (0.38-0.96)

*ROC comparison test.
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Figure 1. Correlation between CIMT and CAD severity.

Application of the Scoring System

The widely used scoring systems such as
Framingham Risk Score, TIMI, GRACE, and
PURSUIT emphasize prognostic value*3"3¥,
These scores were developed to predict major
adverse cardiovascular events, additionally, most
of them are not specific to ACS. Duke Score and
Diamond Forrester Score are the scoring systems
with diagnostic purpose; however, they are not
specific for low-risk ACS**#, To the best of the
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Figure 2. ROC Curve of Validation Alternative model.
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authors’ knowledge, there was no broadly accept-
ed scoring system for low-risk UAP/NSTEMI.
Therefore, our study aimed to fulfill the gap.

Although these scoring systems were not de-
signed to replace coronary CT scans for the
screening of low-risk UAP/NSTEMI patients*-*2,
they can help make a decision in triage units or
hospitals without CT scan facilities.

An alternative model was constructed to meet
the demands of regional or district hospitals
throughout the country, in which NO measure-
ment may not be possible. Nevertheless, CIMT
assessment is operator-dependent, and emergen-
cy physicians in the respective hospitals must be
trained to operate the ultrasound properly.

ASPECT Study and Recommendations

Asia Pacific Evaluation of Chest Pain (AS-
PECT) Trial is a study designed to validate the
Accelerated Diagnostic Protocol (ADP), which
may help determine candidates for early dis-
charge. This ADP is aimed to shorten observation
time in the emergency unit, which may alleviate
the economic burden*..

One of the primary weaknesses of the ASPECT
study is that, even if the ADP allows early dis-
charge of patients, we cannot rule out the potential
for other fatal conditions with absolute certainty.
That is, although the protocol is designed to rule
out ACS, other life-threatening conditions such
as aortic dissection, cardiac tamponade, tension
pneumothorax, pulmonary emboli, etc., might be
missed. This may lead to medico-legal issues*.
Additionally, ASPECT study was based on prog-
nosis, such as major adverse cardiovascular events,
rather than diagnosis*!. The result of our study may
help in ruling out patients without CAD.

Conclusions

Based on these results, we conclude that NO,
CIMT, smoking history and age-gender has a val-
ue of diagnostic validity in subjects with low-risk
UAP/NSTEMI. Model that consists of CIMT, NO,
History of smoking, and Age-gender has 74.5% of
AUC, sensitivity of 72.7% and specificity of 65% for
predicting the presence of CAD. Additionally, there
was a weak positive correlation between CIMT with
CAD severity. In conclusion, this study provides a
reliable diagnostic prediction model for the presence
of CAD based on parameters that can be obtained
through history taking and non-invasive assessment
in patients with low-risk UAP/NSTEMI
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