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Novel Scoring  
System for Prediction  
of Cardiac Syndrome X
in Women with Typical Angina and a  
Positive Exercise Tolerance Test

A major diagnostic challenge for cardiologists is to distinguish cardiac syndrome X (CSX) 
from obstructive coronary artery disease in women with typical angina and a positive exer-
cise tolerance test (ETT). We performed this study to develop a scoring system that more 
accurately predicts CSX in this patient population. 

Data on 976 women with typical angina and a positive ETT who underwent coronary 
angiography at our center were randomly divided into derivation and validation datasets. 
We developed a backward stepwise logistic regression model that predicted the presence 
of CSX, and a scoring system was derived from it.

The derivation dataset (809 patients) was calibrated by using a Hosmer-Lemeshow 
goodness-of-fit test (8 degrees of freedom; χ2=12.9; P=0.115), and the area under the curve 
was 0.758. The validation dataset (167 patients) was calibrated in the same way (8 degrees 
of freedom; χ2=9.0; P=0.339), and the area under the curve was 0.782. Independent pre-
dictors of CSX were age <55 years; negative histories of smoking, diabetes mellitus, hyper-
lipidemia, hypertension, or familial premature coronary artery disease; and highly positive 
ETTs. A total score >9.5 was the optimal cutoff point for differentiating CSX from obstruc-
tive coronary artery disease. 

Our proposed scoring system is a simple, objective, and accurate system for distinguish-
ing CSX from obstructive coronary artery disease in women with typical angina and positive 
ETTs. It may help determine which of these patients need invasive coronary angiograms 
or noninvasive tests like computed tomographic coronary angiography. (Tex Heart Inst J 
2018;45(1):5-10)

A pproximately 2 million coronary angiographic procedures are performed 
annually in Europe,1 and 1.7 million in the United States, for evaluation 
of angina-like chest pain.2 In 10% to 30% of these patients, the coronary 

arteries are categorized as “angiographically normal,”3-8 which typically means that no 
visible or nonobstructive disease is present. In 1973, Kemp9 described these patients as 
having “cardiac syndrome X” (CSX), defined as typical angina pectoris and normal or 
near-normal coronary arteries on coronary angiography (CA); later, the definition was 
modified to include ST-segment depression during an exercise stress test.10-13 Nearly 
70% of patients with CSX are women.14 In a large patient cohort suspected to have 
myocardial ischemia and referred for CA, 41% of the women and only 8% of the men 
showed nonsignificant epicardial coronary artery disease (CAD).15

 Cardiac syndrome X is associated with a wide range of clinical characteristics that 
may indicate differences in cause and determine patient outcome. However, a major 
diagnostic challenge for the cardiologist is finding a valid and reliable means of dis-
tinguishing patients with CSX from those with obstructive CAD on the basis of 
clinical characteristics and noninvasive evaluations. If a dependable means of correctly 
identifying patients with CSX were available, cardiologists could reduce the number 
of unnecessary CA procedures, which are associated with a small but definite risk to 
the patient. This, in turn, could lower healthcare costs and reduce waste of medical 
resources.2 
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 With these goals in mind, we constructed a scoring 
system to better distinguish patients with CSX from 
those with obstructive CAD among women with typi-
cal angina and a positive exercise tolerance test (ETT). 
Our scoring system was also intended to identify those 
patients for whom either invasive or noninvasive evalu-
ation was appropriate. 

Patients and Methods

The data for our study were collected from the Teh-
ran Heart Center’s cardiac catheterization database, a 
computerized system implemented in 2004 that in-
cludes prospective data on more than 40,000 patients 
seen for cardiac catheterization. Trained research staff 
enter data daily, and the validity is checked periodically 
by comparing 5% of the computerized records against 
hard-copy records. The database includes information 
on about 200 variables, including demographic data, 
presenting symptoms, medical history, risk factors for 
ischemic heart disease, glucose and lipid profiles, and 
f indings from CA, ETTs, and electrocardiographic, 
echocardiographic, and myocardial perfusion scans. 
All variables are consistent with American College of 
Cardiology (ACC) definitions.16

 An ETT was considered positive when, during test-
ing, the patient developed either 1) ischemic discomfort 
and a horizontal or downsloping ST-segment shift ≥1 
mm (0.1 mV); or 2) a new horizontal or downsloping 
ST-segment shift ≥2 mm (0.2 mV), which is thought 
to indicate ischemia, even in the absence of discomfort. 
An ETT was interpreted as highly positive when one 
or more of the following occurred during testing: 1) 
ST-segment depression in 5 or more leads, 2) a maximal 
ST-segment depression >2 mm, 3) a positive test with a 
heart rate <120 beats/min, 4) hypotension, or 5) exercise 
capacity of <5 min.17

 All patients who underwent elective diagnostic CA 
at our center’s cardiac catheterization laboratory from 
October 2004 through October 2011 were evaluated for 
inclusion in our study, and those who had typical an-
gina and a positive or highly positive ETT were selected 
for further evaluation. Patients with known ischemic 
heart disease, including those with a history of myo-
cardial infarction, percutaneous coronary intervention, 
or coronary artery bypass grafting, were excluded. We 
also excluded those with a left ventricular ejection frac-
tion <0.50 because, according to the American Heart 
Association (AHA)/ACC appropriateness guidelines for 
CA in patients with stable ischemic heart disease (class 
IIa), invasive CA was indicated for these patients.18 This 
left 2,436 patients (976 women; 1,460 men) for f inal 
analysis.
 Before starting to construct our model, we evaluated 
the gender-specific frequency of normal-to-mild and ob-
structive CAD among the 2,436 patients with typical 

angina and a positive ETT. Obstructive CAD was de-
fined as stenosis of ≥50% of the luminal diameter of at 
least one major epicardial vessel. Because the angiograms 
from 85.7% of the men revealed obstructive CAD, we 
concluded that performing invasive CA is appropriate in 
most men. In contrast, the angiograms from only 56.7% 
of the women revealed obstructive CAD. Therefore, we 
restricted our study to the 976 women.

Study Design and Statistical Analysis
The data were randomly assigned to 2 datasets: a deriva-
tion dataset (809 patient records) for constructing the 
scoring system, and a validation dataset (167 records) 
for testing and validating the model. The derivation and 
validation datasets were in an 80:20 ratio because that 
ratio was more likely to produce the optimal tradeoff 
between parameter estimate and performance statistic 
variances. In the derivation dataset, if >5% of data for 
any variable was missing, the variable was excluded 
from the analysis. Variables entered in the model were 
selected by using bivariate tests, χ2 tests for categorical 
covariates, and t tests or Wilcoxon rank sum tests for 
continuous covariates. Multivariate correlates for the 
presence of CSX were determined by stepwise backward 
logistic regression analysis and use of SPSS version 13.0 
for Windows (SPSS Inc., an IBM company). To create 
a calibrated clinical model that could accurately predict 
risk for an individual patient according to her specific 
characteristics, we entered all variables significant at the 
P <0.2 level in univariate analysis into the model. A 
P value ≤0.05 was considered statistically signif icant. 
When all statistically insignificant variables had been 
eliminated from the model, goodness-of-f it testing 
(Hosmer-Lemeshow χ2) was used to evaluate how well 
the model was calibrated, and the area under the curve 
(AUC) was used to evaluate how well the model could 
distinguish patients who had CSX from those who had 
obstructive CAD.
 A scoring system was developed from logistic regres-
sion analysis to simplify use of the data. We used a 
method of assigning risk scores to each predictive factor 
that has been described.19 Briefly, the weights attributed 
to each variable in the scoring system were obtained 
from the variables’ odds ratios, which were related to 
logistic regression coefficients, and the risk scores were 
assigned by rounding up the corresponding odds ratios 
when the digit to the right of the least significant digit 
was ≥5 or rounding down when the digit to the right of 
the least significant digit was <5. The calibration and 
discriminative power of the model were then evaluated 
in the validation dataset.
 To determine the optimal cutoff point for distin-
guishing patients with CSX from those with CAD, the 
point on the receiver operating characteristic (ROC) 
curve with the maximum Youden index (sensitivity – 
[1 – specificity]) and the point at the shortest distance 
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from the point (0,1) ([1 – sensitivity]2 + [1 – specific-
ity]2) were calculated.20 These are the 2 methods most 
often used for establishing an optimal cutoff point.21

 The study was performed in accordance with the dec-
laration of Helsinki and its subsequent modifications, 
and it was approved by the ethics committees of the 
Tehran University of Medical Sciences and the Tehran 
Heart Center.

Results

In the derivation dataset, 460 of 809 patients had ob-
structive CAD and 349 patients had CSX. Table I shows 
univariate comparisons of the clinical and biochemical 
characteristics of the patients in the CSX group versus 
those in the CAD group.
 Results of a backward stepwise logistic regression 
analysis identif ied 7 independent predictors of CSX. 

Table II lists the predictors, regression coeff icients, 
odds ratios, and weighted scores.22 The range of attained 
scores was 0 to 19.8 for the derivation dataset.
 Our calculations of the point on the ROC curve with 
the maximum Youden index and the point that was the 
shortest distance from the point (0,1) both indicated 
that 9.5 was the optimal cutoff value for distinguish-
ing patients with CSX from those with CAD. A total 
score >9.5 had a sensitivity of 75.4%, a specif icity of 
74.6%, and a 70% positive predictive value for CSX in 
a woman with typical angina and a positive ETT.
 The AUC analysis showed the high power of our 
derivation dataset in distinguishing CSX from CAD 
(AUC=0.758; P <0.0001). We performed a validation 
study by calculating the total scores for subjects in the 
validation dataset, and the AUC analysis showed an 
even stronger discriminatory power for distinguishing 
CSX from CAD (AUC=0.782; P <0.0001). Table III 

TABLE I. Univariate Comparisons of Clinical and Biochemical Characteristics in Women with Cardiac Syndrome X and 
Those with Obstructive Coronary Artery Disease

                 Variable CSX (n=349) CAD (n=460) P  Value

Clinical characteristics

   Age (yr) 53.3 ± 8.1 58.8 ± 7.8 <0.0001

   Current smoker 211 (60.5) 334 (72.6) <0.0001

   Diabetes mellitus 72 (20.6) 196 (42.6) <0.0001

   Body mass index (kg/m2) 29 ± 4.4 29 ± 4.2 0.997

   Family history of CAD 82 (23.5) 129 (28) 0.123

   Hyperlipidemia 228 (65.3) 373 (81.1) <0.0001

   Hypertension 171 (49) 324 (70.4) <0.0001

   NYHA functional class — — 0.004

        I–II 273 (79.8) 320 (70.6) —

      III–IV 69 (20.2) 133 (29.4) —

   Left ventricular ejection fraction 0.59 ± 0.06 0.59 ± 0.06 0.296

   Regional wall-motion abnormality 131 (37.5) 150 (32.6) 0.313

   Highly positive ETT 32 (9.2) 109 (23.7) <0.0001

Biochemical characteristics

   Fasting glucose (mg/dL) 112.1 ± 43 130.8 ± 59 <0.0001

   Total cholesterol (mg/dL) 194.3 ± 42.6 208.8 ± 52.5 <0.0001

   HDL cholesterol (mg/dL) 49.1 ± 11.8 47.1 ± 10.3 0.013

   LDL cholesterol (mg/dL) 116.3 ± 36 126.3 ± 43.2 0.001

   Triglycerides (mg/dL) 165.9 ± 115.1 195.2 ± 153.3 0.003

   Serum creatinine (mg/dL) 0.87 ± 0.22 0.92 ± 0.23 0.002
 
CAD = coronary artery disease; CSX = cardiac syndrome X; ETT = exercise tolerance test; HDL = high-density-lipoprotein;  
LDL = low-density-lipoprotein; NYHA = New York Heart Association 
 

Data are expressed as mean ± SD or as number and percentage. P ≤0.05 was considered statistically significant.
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shows the calibration and discriminative characteristics 
of the model in the derivation and validation datasets. 
Figure 1 shows the ROC curves for the discriminative 
power of the model in these datasets. 

Discussion

The current AHA/ACC guidelines indicate that pa-
tients with stable ischemic heart disease should be re-
ferred for invasive CA if their clinical characteristics and 
results from noninvasive testing indicate a high likeli-
hood of severe ischemic heart disease (class I), or if they 
have an unsatisfactory quality of life because of angina, 
have preserved left ventricular function with an ejection 
fraction >0.50, and have intermediate risk criteria upon 
noninvasive testing (class IIa).17 However, as has been 
reported,15 and as our study demonstrates, more than 
40% of women with these characteristics have nor-
mal results on coronary angiograms. Therefore, more 
comprehensive criteria for determining which patients 
should undergo invasive CA or noninvasive imaging 
are needed. Our scoring system provides a tool for dis-
tinguishing women with typical angina and a positive 

ETT who are more likely to have CSX from those who 
probably have obstructive CAD.
 Coronary computed tomographic angiography (CTA) 
has good sensitivity and negative predictive value for 
obstructive CAD.23-25 According to current AHA/ACC 
guidelines, it is considered a reasonable means of evalu-
ating chest pain in patients who have a low-to-interme-
diate pretest probability of ischemic heart disease and 
in those with inconclusive results from prior exercise 
testing.16 It has also been shown that implementing a 
CTA program reduces the use of normal angiography.26 
In contrast, use of CTA in patients who have a high 
likelihood of ischemic heart disease, such as those with a 
positive or highly positive ETT, is currently considered 
inappropriate.27 However, our results show that CTA 
may be useful in the clinic, specifically as a means for 
determining which women with typical angina and a 
positive ETT should undergo invasive CA or noninva-
sive imaging. Our scoring system may help guide physi-
cians in selecting the appropriate diagnostic step.
 To our knowledge, ours is the f irst study to pro-
pose this kind of scoring system for predicting CSX in 
women, and it has some strengths. First, we performed 
a derivation study in the process of creating the scoring 

TABLE II. Independent Predictors of Cardiac Syndrome X in Women with Typical Angina and a Positive ETT

 Regression 
           Variable Coefficient Odds Ratio 95% CI P  Value Score

Age (per 5 yr under age 55) 0.419 1.52 1.35–1.72 <0.0001 1.5

Never smoker 0.507 1.66 1.18–2.33 0.003 2

No diabetes mellitus 0.94 2.56 1.80–3.64  <0.0001 3

No hyperlipidemia 0.448 1.56 1.08–2.27 0.019 2

No hypertension 0.644 1.9 1.38–2.63 <0.0001 2

No family history of premature CAD 0.509 1.66 1.15–2.40 0.007 2

No highly positive ETT 0.889 2.43 1.53–3.87 <0.0001 3
 
CAD = coronary artery disease; ETT = exercise tolerance test 
 

P ≤0.05 was considered statistically significant. 
 

Reprinted, with permission from Elsevier. From Masoudkabir F, Vasheghani-Farahani A, Kassaian SE. A novel scoring system for pre-
diction of cardiac syndrome X in women with typical angina and positive exercise tolerance test: implications for non-invasive imaging 
[abstract]. J Am Coll Cardiol 2015;65(10 Suppl):A1621.22

TABLE III. Calibrative and Discriminatory Characteristics of the Model

 Hosmer-Lemeshow Goodness-of-Fit Area under the Curve

Dataset Patients (n) χ2  df P  Value AUC 95% CI P  Value

Derivation 809 12.9 8 0.115 0.758 0.723– 0.791 <0.0001

Validation 167 9 8 0.339 0.782 0.711– 0.853 <0.0001
 
AUC = area under the curve; df = degree of freedom 
 

P ≤0.05 was considered statistically significant.
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system, and we then validated it in another randomly 
selected dataset. Second, we identified a cutoff point 
that can be used to differentiate between individuals 
with and without CSX. Finally, our scoring system in-
cludes 7 independent predictors of CSX, 6 of which are 
dichotomous. 
 Our scoring system showed high power for the pre-
diction of outcomes in both the derivation and valida-
tion datasets (AUC, 0.758 and 0.782, respectively). 
However, a shortcoming is that our study included a 

relatively small sample size from a single center. Be-
cause the true test of such a system is in its widespread 
applicability, we invite physicians to test its accuracy, 
discriminative power, and cost in their hospitals, and 
to see whether it reduces the rate of normal CAs and 
complications among women with typical angina and a 
positive ETT. Meanwhile, we plan to update and maxi-
mize the power of our model by adding more cases and 
identifying more predictors of CSX.
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