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status. TheMorise risk score calculates the pre-test probability of stenosis
at CAD N 50% in one or more coronary arteries [9]. To our knowledge,
neither of these scores has been validated in a Middle Eastern population
and we therefore aimed to:

1) Validate these models in our population and
2) Determine which model has the highest accuracy relative to cardiac

catheterization or stress testing.

In our study, we recruited patients older than 19 years old, who were
Coronary artery disease is the leading cause of death in both men
and women [1]. Cardiac catheterization is the reference standard test
used to confirm and investigate severity of Coronary Artery Disease
(CAD). Despite carrying a small risk of complications [2,3], it is still an
invasive test that ought to be used judiciously when other alternatives
are suboptimal. Furthermore, in the presence of non-invasive and less
expensive tests to uncover CAD, the use of cardiac catheterization is
now more downstream in the investigational algorithm for chest pain.
However, to date, and despite these algorithms, only 41% of the elective
cardiac catheterizations in the United States turn out to show obstruc-
tive CAD [4]. Moreover, in Lebanon 84.3% of patients sent for cardiac
catheterization would not have been evaluated by any non-invasive
modality prior to that [5]. This strongly highlights the need to further re-
fine pre catheterization diagnostic steps.

In 1979, the Diamond–Forrester (DF) model was proposed to stratify
patients for the probability of obstructive CAD based on age, gender and
the characteristics of the symptoms [6]. This was followed by more elab-
oratemodels used for this purpose such as the updatedDF and theMorise
model [7,8]. TheMorise risk score is based on sex, age, tobacco use, diabe-
tes, symptoms of angina pectoris, hypercholesterolemia, hypertension,
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family history of CAD, BMI, obesity (defined as BMI N 27), and estrogen

being evaluated for coronary artery disease through Thallium Stress Test,
Stress Echocardiography or Coronary Angiography. Inclusion criteria
were: patientswhowere presentingwith symptoms suspicious for stable
angina, aswell as thosewith features of unstable anginawith normal ECG
and negative cardiac biomarkers (2 sets of troponin). We excluded
patientswithNon-ST elevationMyocardial Infarction (NSTEMI), ST eleva-
tionMyocardial Infarction (STEMI) as well as those with Unstable Angina
and ECG changes. Since no previous study similar to this has been con-
ducted, we recruited 1141 patients presenting for evaluation of chest
pain at our institution, of whom 163 had underwent Thallium Stress
Test, 600 had underwent Stress Echocardiography and 378 had Coronary
Angiography without prior non-invasive testing.

Informed consent was obtained from each patient and the study
protocol conforms to the ethical guidelines of the 1975 Declaration of
Helsinki as reflected in a priori approval by the institution's human
research committee.

Results: In Table 1, patients were stratified into two groups, those
who had cardiac catheterization (n = 378) and those who had any
type of stress testing (n= 763). The average age for thosewho had car-
diac catheterization was 62 (±11) years compared to 57 (±12) years
for those who had stress testing (p-value ≤ 0.001). Sixty-five percent
(n = 248) of patients who had cardiac catheterization presented with
angina chest pain compared to 35% (n = 269) of patients who had
stress testing (p-value ≤ 0.001). The prevalence of Diabetes Mellitus
(DM) was higher among those who had cardiac catheterization com-
pared to those who underwent stress testing (p-value = 0.002), and
the same for those who had a history of hypertension (p-value =
0.02). The average BMI for those who had cardiac catheterization was
slightly higher than those who had stress testing (p-value = 0.016).
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Table 1
Demographics of patients who underwent cardiac catheterization and stress testing.

Variables Cardiac catheterization
N = 378

Stress testing
N = 763

p-Value

Age 62 (11.09) 57 (12) b0.001
Gender Male: 289 (76%)

Female: 89(24%)
Male: 549 (72%)
Female: 214(28%)

=0.28 (based on percentage)

Angina chest pain 248 (65%) 269 (35%) b0.001
Non-anginal chest pain 104 (27%) 217 (28%) 0.83
DM 141 (37.2%) 171 (22%) 0.002
DL 265 (70%) 491 (64%) 0.2
HTN 223 (59%) 367 (48%) 0.02
History of CAD 18 (5%) 19 (2%) 0.28
Smoker 265 (70%) 579 (76%) 0.2
Family history of CAD 98(26%) 183 (24%) 0.65
BMI 29 (4.5) 28.5 (4.5) 0.016
Estrogen status (pre-menopausal regular menses) 34(38% of women) 77 (36% of women) 0.68
Rate of obstructive CAD Obstructive CAD 215 (57%) Positive stress test

65 (8.5%)
b0.001

Fig. 1. a. Receiver operating curve (ROC) to predict obstructive CAD among patients who underwent cardiac catheterization. N = 378 (n = 289 patients were men, and n = 89 were
women). AUROC for Morise score among men and women who had cardiac catheterization was 0.61 and 0.58 respectively (p-value = 0.34). AUROC for DF score among men and
women who had cardiac catheterization was 0.59 and 0.49 respectively (p-value = 0.1). b. ROC to predict obstructive CAD among patients who underwent stress testing. N = 763
(n = 549 patients were men, and n = 214 were women). AUROC for Morise score among men and women who had stress testing was 0.66 and 0.60 respectively (p-value = 0.22).
AUROC for DF score among men and women who had stress testing was 0.68 and 0.66 respectively (p-value = 0.44).
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No significant difference was found between patients who had cardiac
catheterization vs. stress testing who presented with non-anginal
chest pain regarding history of DL, history of CAD, smoking, family his-
tory of CAD and estrogen status (all p-values ≥ 0.2). Fifty-seven percent
(n = 215) of patients who had cardiac catheterization were found to
have obstructive CAD compared to 8.50% (n = 65) of those who had a
stress test (p-value = b0.001).

We also calculated the area under the receiving operator curve
AUROC forMorise Score and the DF score for those who underwent car-
diac catheterization and for thosewho underwent stress testing (Fig. 1a
and b). The AUROC was highest for DF score among men undergoing
stress testing at 0.68 and lowest for DF score amongwomen undergoing
cardiac catheterization at 0.49. However, therewas no significant differ-
ence in the AUROC when comparing the performance of each based on
gender.

Conclusion: Our results demonstrate poor performance of both
the Diamond–Forrester and the Morise risk models to predict ob-
structive CAD in a Middle Eastern population using either cardiac
catheterization or stress testing as reference standards. These results
casts doubt on the applicability of these models in several studies
published from the Middle East region, particularly when patients
from the region are included in the multicenter registries [10]. Fur-
thermore, given the need for similar models for clinical decision-
making and for downstream testing determination, these results un-
derscore the need for a locally derivedmodel that is applicable to the
patients in our region.
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