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Background/Objective: Coronary artery disease (CAD) is a major subtype of cardiovascular disease (CVD), the leading
cause of mortality in the United States. CAD commonly results from atherosclerotic plaque and can be evaluated with resting
measurements and exercise findings. We hypothesized that selected exercise features would show strong associations with
recorded obstructive CAD. We also compared cholesterol by age among women with recorded obstructive CAD.
Methods: We analyzed all 303 records from the official Cleveland dataset. Features were summarized with means, standard
deviations, and percentages. Welch two-sample t-tests, point-biserial correlations, and Hedges’ g were computed for continuous
features, and Pearson chi-squared tests and Cramér’s V for categorical features. Classification was assessed with ROC-AUC,
bootstrap confidence intervals, multivariable logistic regression, and five-fold stratified cross-validation.
Results: Exercise features were strongly associated with recorded obstructive CAD. ROC analysis showed greater discrimination
for exercise features (mean AUC*=0.716). Resting blood pressure and resting ECG were significant in univariate analyses, but
no resting parameter remained significant in the full multivariable model. Among women with recorded obstructive CAD, mean
cholesterol was higher below age 55 (323.00 mg/dL, n=2) than at age 55 or older (272.09 mg/dL, n=23). This difference was not
statistically significant (Mann–Whitney U p=0.20; Welch t-test p=0.135).
Conclusions: Selected exercise features showed strong associations. The second hypothesis was not statistically supported.
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Introduction

Background and Context:

Cardiovascular disease (CVD) remains a leading cause of
death in the United States and encompasses conditions affect-
ing the heart and vasculature (arteries). This includes con-
ditions like coronary artery disease (CAD), cerebrovascular
disease, heart failure, arrhythmias, and peripheral arterial dis-
ease1. In this article, we focus on CAD, also called coronary
artery disease or ischemic heart disease, which commonly in-
volves atherosclerotic narrowing of the coronary arteries and
may restrict blood flow. Coronary atherosclerosis is the pro-
cess where cholesterol-rich plaques accumulate and progress
within coronary arterial walls, which can narrow the vessel
lumen and impair blood flow2. Atherosclerosis is a major
cause of CAD. The narrowing of coronary arteries reduces
oxygenated blood flow and can create an imbalance between
oxygen supply and demand. This imbalance becomes espe-
cially potent during physical exertion due to increased oxy-
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gen demand3. CAD risk can be evaluated using resting mea-
sures such as blood pressure, electrocardiogram (ECG), fast-
ing blood sugar, and total serum cholesterol while exercise
stress metrics evaluate physiological responses under stress.
Resting risk assessment and exercise testing provide related
but distinct clinical information, with each approach having
different strengths and limitations3–6. In this study, we ana-
lyze the Cleveland dataset to evaluate the association of se-
lected resting and exercise features with obstructive CAD.

Among the chosen resting features were resting blood pres-
sure, resting Electrocardiogram (ECG), fasting blood sugar,
and total cholesterol values. Blood pressure is the pressure ex-
erted by circulating blood against arterial walls. Arterial blood
pressure is commonly reflected by systolic and diastolic com-
ponents. Systolic and diastolic blood pressure are influenced
by arterial stiffness, vascular resistance, and vascular recoil7.
An increased blood pressure increases the cardiac workload
and is associated with negative cardiac outcomes8. In patients
with atherosclerosis, this increased workload may contribute
to oxygen supply and demand imbalances3. A resting electro-
cardiogram (ECG) is a non-invasive test that records electri-

© The National High School Journal of Science 2026 | 1



Figure. 1 Outlines the resting and exercise parameters chosen in
our study to establish statistical association with recorded obstructive
CAD. The diagram groups the selected four resting and four exercise
features. The figure was created using Canva AI.

cal activity of the heart. Resting ECG abnormalities may be
associated with cardiovascular disease profiles, although they
are not specific for obstructive CAD9,10. Higher fasting blood
glucose, another resting feature, is used in the identification of
prediabetes and diabetes11. Diabetes is associated with vas-
cular injury, atherosclerosis and increased obstructive CAD
risk12. Total cholesterol reflects cholesterol carried in multiple
lipoprotein forms, such as Low-Density Lipoprotein (LDL-C),
Very-Low-Density Lipoprotein (VLDL-C), and High-Density
Lipoprotein (HDL-C)13,14. Elevated LDL cholesterol has a
causal role in atherosclerosis of the coronary vessels which
leads to obstructive CAD over time13,14.

The chosen exercise features were exercise induced angina,
ST slope, ST depression (oldpeak) and maximum achieved
heart rate. The exercise parameters evaluate cardiac per-
formance under physiological stress3,6. Exercise induced
angina is chest pain or pressure induced by physical exer-
tion. In obstructive CAD, exercise induced angina can be
caused when the oxygen demand to the heart cannot be met
with an increased blood flow due to narrowing of coronary
vessels by atherosclerosis3. ST depression (oldpeak) and
ST slope are ECG features recorded during physical exercise
and can be associated with obstructive CAD. These features
are obtained from the ECG and describe changes in the ST-
segment due to exercise6,15–17. Finally, maximum achieved
heart rate gives information about the cardiovascular response
to exercise and is generally lower in patients with obstructive
CAD18,19. Thus, this relationship is multifactorial, and maxi-
mum achieved heart rate should not be interpreted as a direct
measure of coronary obstruction19–21.

Problem Statement and Rationale:

Our research statistically quantifies the association of recorded
obstructive CAD with resting (blood pressure, resting ECG,
fasting blood sugar, and total cholesterol) and exercise fea-
tures (angina, ST slope, oldpeak, and maximum heart rate).
Pathophysiologically, the selected resting parameters reflect
more long-term risk factor burden, whereas the selected ex-
ercise parameters capture physiological responses during ex-
ercise testing, including findings that may be associated with
inducible ischemia3,5,6. Although both these categories pro-
vide different types of information, quantifying this distinc-
tion numerically helps clarify their individual strengths and
limitations5,6,22. The present study quantifies these expected
relationships in the Cleveland medical records dataset. Be-
cause the selected feature groups measure different physio-
logical information, their comparison evaluates performance
only within this dataset and does not show the superiority of
exercise features over resting features. Additionally, we sta-
tistically explored if women younger than 55 diagnosed with
obstructive CAD had a higher serum cholesterol compared to
women aged 55 or older.

Significance and Purpose:

The exercise and resting feature groups used for this study
evaluate fundamentally non-equivalent physiological con-
structs3,5. As noted above, each feature can reflect a resting
risk factor or may indirectly imply physiological changes as-
sociated with ischemia. Quantitatively understanding the as-
sociations of the features helps clarify their descriptive and
predictive utility in this dataset22–25. Also, it is important
to note that the comparative statistical performance highlights
their distinct diagnostic utility rather than establishing the sim-
ple clinical superiority of exercise testing over baseline resting
risk assessment5,6,26.

Objectives:

The primary objective of this retrospective study was to quan-
titatively evaluate and compare specific clinical features from
the Cleveland Heart Disease dataset to test two core hypothe-
ses (1) resting and exercise features provide distinct infor-
mation, with the four selected exercise features hypothesized
to show strong statistical association with recorded obstruc-
tive CAD, and (2) explore whether women younger than 55
with recorded obstructive CAD exhibit higher serum total
cholesterol levels compared to women aged 55 or older with
recorded obstructive CAD. Our study outlines and quantita-
tively explores the information provided by the resting and
exercise features. It also provides a detailed statistical and
machine learning evaluation (using ROC curves, chi-squared
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tests, Welch t-tests, Cramér’s V, multivariable logistic re-
gression, and cross-validation) on the widely used Cleveland
dataset. Further, it explores the relationship between age
and total cholesterol among women with recorded obstructive
CAD27–30. The study evaluates associations consistent with
established cardiovascular principles rather than proposing a
new biological mechanism.

Scope and Limitations:

We used an existing public dataset for this work and inferred
statistical associations between the disease outcomes and clin-
ically measured features. Study limitations included the fact
that no new primary patient data was used, and the detailed
cholesterol breakdown (LDL cholesterol, HDL cholesterol,
VLDL cholesterol, and triglycerides) was not assessed as this
information was not available with the dataset. The dataset
also only had 303 records, which limited the scope of our anal-
ysis. Additionally, measurement of estrogen and menopause
status were not available and thus could not be analyzed31,32.

Methodology Overview:

The analysis combined descriptive statistics, univariate as-
sociation tests, ROC analysis, and logistic-regression mod-
els. Classification performance was evaluated using pooled
out-of-fold predictions from shuffled five-fold stratified cross-
validation.

Methods

Research Design:

This study employed an observational retrospective analysis
using the Cleveland Heart Disease dataset obtained from the
UCI Machine Learning Repository32,33. The dataset con-
tains 303 patient records; variables included demographic,
resting clinical measurements, and exercise stress-test infor-
mation along with target values for defining disease and no-
disease criteria. For the purposes of this investigation, a spe-
cific subset of 8 clinical features were categorized into two pri-
mary groups: exercise derived variables (maximum heart rate
achieved, exercise induced angina, ST depression (oldpeak),
and ST slope) and resting variables (resting blood pressure,
resting electrocardiogram results, serum cholesterol, and fast-
ing blood sugar). For regression, all continuous features were
standardized within the analysis or training folds to allow for
direct comparison of statistical relationships across variables
measured on different scales. The study did not measure inci-
dent disease or future risk.

Variables and Measurement:

The Cleveland dataset contained target values ranging from 0
to 4. Target 0 was coded as no obstructive CAD (<50% diam-
eter narrowing), while targets 1–4 were combined as recorded
obstructive CAD (greater than 50% narrowing in at least one
major coronary vessel), giving 164 and 139 records, respec-
tively32,33. The obstructive-CAD outcome target variable was
treated as binary, and continuous predictors were maintained
in their numerical form. No patients were excluded because
the selected variables, age, sex, and target had no missing
values, and no artificial resampling or class balancing tech-
niques were applied. The file contained no duplicated com-
plete rows. The unused ca (coronary angiography) and thal
(thallium) variables contained four and two missing values,
respectively. Data preprocessing was conducted at each cross-
validation training fold to prevent data leakage. Continuous
variables were standardized and missing values were replaced
using the feature median. Categorical variables were dummy-
encoded, and since categorical variables do not have a me-
dian, missing values were replaced with the most commonly
occurring category. Although the final feature set contained no
missing data, these imputation steps were preserved to main-
tain the integrity of the prespecified pipeline.

The eight prespecified features were resting blood pressure
(mm Hg), resting ECG category, total cholesterol (mg/dL),
fasting blood sugar greater than 120 mg/dL, maximum
achieved heart rate (beats/min), exercise-induced angina,
exercise-related ST depression (oldpeak), and ST slope. Elec-
trocardiogram (ECG) findings were represented using categor-
ical dummy coding to prevent the model from assuming arbi-
trary numerical spacing or ordinal relationships among dis-
tinct clinical categories. To avoid assuming arbitrary numeric
order or equal distance between categorical values, two ECG
variables were converted into sets of binary indicator (dummy)
variables for the regression model.

Resting ECG was coded into three categories: normal (used
as the reference category), ST–T wave abnormalities, and
probable or definite left-ventricular hypertrophy (LVH). The
LVH category represents the label assigned to Code 2 in the
UCI Heart Disease dataset based on Estes’ ECG criteria rather
than an independently confirmed clinical diagnosis32. ST seg-
ment slope was coded into three categories based on slope di-
rection during peak exercise: upsloping (reference category),
flat, and downsloping. Dummy coding makes sure that the
model evaluates each slope category independently without
implying an ordinal or linear numerical relationship across the
three states.

Data Collection:

The official processed Cleveland data file (.csv; DOI
10.24432/C52P4X) was downloaded from the UCI Machine
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Learning Repository.

Procedure:

Data processing and statistical analyses were conducted using
Python 3.12.13 within a Jupyter Notebook environment. pan-
das 2.2.3 was used for data manipulation and NumPy 2.3.5 for
numerical computation34, SciPy 1.17.0 for statistical testing
and unpenalized inferential logistic regression35, scikit-learn
1.8.0 for receiver operating characteristic (ROC) curve anal-
ysis36, and Matplotlib 3.10.8 and seaborn 0.13.2 for figures.
The complete set of tests in data analysis is explained in the
next section.

Data Analysis:

Descriptive, univariate, and multivariate analyses were con-
ducted on the resting and exercise features as explained below.
For the descriptive analysis, continuous features were sum-
marized using group means and sample standard deviations,
while categorical features were summarized using counts and
within-group percentages.

Categorical and continuous features were treated separately
for univariate analysis. Associations between categorical fea-
tures and recorded obstructive CAD were tested using Pear-
son chi-squared tests. Cramér’s V was calculated to quan-
tify categorical association strength beyond statistical signif-
icance. Degrees of freedom, observed and expected counts,
and minimum expected cell counts were reported. Because
the resting-ECG table contained an expected count below 5,
its Pearson chi-squared result was interpreted cautiously and
checked using a Monte Carlo sensitivity test that was fixed
margin with 100,000 simulated tables and random seed 42.
The Monte Carlo p-value used the plus-one correction.

Continuous features were compared between the
obstructive-CAD and no-obstructive-CAD groups using
Welch independent two-sample t-tests for significance.
Hedges’ g was calculated as the standardized mean difference
between the disease and no-disease groups, and its uncertainty
was estimated using 5,000 bootstrap samples. In addition,
Point-biserial correlation coefficients (rpb) were calculated
to measure the direction and strength of association between
each continuous feature and binary recorded obstructive-CAD
status. Statistical significance was evaluated using an alpha
threshold of 0.05.

ROC analysis was used to examine the individual classi-
fication performance of each feature. An AUC of 0.5 rep-
resented no discrimination and an AUC of 1.0 represented
perfect discrimination. For continuous and binary features,
AUC*=max(AUC, 1−AUC) was applied consistently so that
discrimination strength could be described independently of
association direction. Maximum heart rate was negated for

plotting because its raw obstructive-CAD-positive AUC was
below 0.5, while the disease labels remained unchanged. For
multivariate analysis, a full unpenalized logistic-regression
model was fitted to all 303 records using the exercise and rest-
ing predictors to estimate conditional associations. Separate
L2-regularized classification models were constructed using
exercise-only and resting-only features. Finally, age and sex
were also combined with exercise and resting features in the
classification models. One main evaluation strategy was used
for all classification-model results: shuffled five-fold stratified
cross-validation across all 303 records. StratifiedKFold used
five folds, shuffling, and random seed 42. In each fold, model
preprocessing was fitted only on the four training folds and
then applied to the held-out fold. Predictions from the five
held-out folds were pooled so that every record received one
out-of-fold prediction. All reported classification metrics and
confusion matrices were calculated from these 303 pooled out-
of-fold predictions. Consequently, Figures 6 and 7 represent
pooled cross-validation results rather than a single clinical test
dataset. All the logistic regression classifiers used L2 regular-
ization, C=1.0, the liblinear solver, a maximum of 1,000 iter-
ations, random seed 42, and a classification threshold of 0.50.
Model performance was evaluated using accuracy, precision,
recall, F1 score, specificity, AUROC, bootstrap 95% confi-
dence intervals, and confusion matrices. For the full unpenal-
ized inferential model, continuous predictors were standard-
ized over the analysis dataset, so their coefficients and odds
ratios represent a one-standard-deviation increase rather than
a one-unit increase. Resting ECG and ST slope were dummy-
coded using normal ECG and upsloping ST slope as their re-
spective reference groups. Regression coefficients, standard
errors, odds ratios, 95% confidence intervals, and p-values
were calculated, and model convergence was confirmed before
interpretation. These inferential estimates were not presented
as cross-validated performance metrics or causal effects.

For Hypothesis 2, total cholesterol was analyzed among the
25 women with recorded obstructive CAD. Women younger
than 55 years were compared with women aged 55 years or
older, and the two women exactly age 55 were included in
the older group. These were age groups rather than measured
menopausal categories because menopausal status and estro-
gen were not recorded. Group differences were evaluated us-
ing an exact Mann–Whitney U test and a Welch independent
two-sample t-test. Pearson correlation was used to assess the
direction of the age–cholesterol relationship among women
with recorded obstructive CAD.

Ethical Considerations:

This secondary analysis used a public, de-identified dataset
and involved no participant contact or new data collection.
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Individual-Feature ROC Analysis:

For the multicategory resting-ECG and ST-slope features,
individual-feature discrimination was estimated using pooled
out-of-fold probabilities from separate dummy-coded logistic-
regression models. Each model used the same shuffled five-
fold stratified cross-validation assignments, with preprocess-
ing fitted within each training fold. These probabilities, rather
than the original UCI category numbers, were used to calcu-
late AUROC and bootstrap confidence intervals. AUC con-
fidence intervals and the paired difference between mean ex-
ercise and resting AUC* values were estimated using 5,000
stratified patient-level bootstrap resamples with random seed
42.

Results

Hypothesis #1:

The final analysis included all 303 records, comprising 164
patients without recorded obstructive coronary artery disease
(CAD) and 139 patients with recorded obstructive CAD. First,
the features were classified into either categorical or contin-
uous, depending on their measurement scales and the UCI
documentation. The descriptive analysis performed included
means and sample standard deviations for continuous features,
and counts and within-group percentages for categorical.

Descriptive Statistics (Resting Features)
The two continuous resting parameters used were resting
blood pressure and total cholesterol. Mean resting blood pres-
sure was 129.25 ± 16.20 mm Hg in patients without recorded
obstructive CAD and 134.57 ± 18.77 mm Hg in patients with
recorded obstructive CAD. Mean total cholesterol was 242.64
± 53.46 mg/dL in the no-disease group and 251.47 ± 49.49
mg/dL in the disease group.

The two categorical resting parameters were resting ECG
and fasting glucose above 120 mg/dL. Among patients with-
out recorded obstructive CAD, 95 of 164 patients (57.93%)
had a normal resting ECG, 1 patient (0.61%) had an ST–T
wave abnormality, and 68 patients (41.46%) had UCI resting-
ECG code 2. Among patients with recorded obstructive CAD,
56 of 139 patients (40.29%) had a normal resting ECG, 3
patients (2.16%) had an ST–T wave abnormality, and 80 pa-
tients (57.55%) had UCI code 2. Code 2 represents probable
or definite left ventricular hypertrophy by Estes’ ECG crite-
ria in the UCI documentation and does not represent a sepa-
rately confirmed clinical diagnosis. Fasting glucose above 120
mg/dL was present in 23 patients without recorded obstruc-
tive CAD (14.02%) and 22 patients with recorded obstructive
CAD (15.83%). The remaining 141 patients without disease
(85.98%) and 117 patients with disease (84.17%) had fasting
glucose at or below 120 mg/dL.

Descriptive Statistics (Exercise Features)

The two continuous exercise features were maximum
achieved heart rate and exercise-related ST depression. Mean
maximum heart rate was 158.38 ± 19.20 beats/min in pa-
tients without recorded obstructive CAD and 139.26 ± 22.59
beats/min in patients with recorded obstructive CAD. Mean
ST depression was 0.59 ± 0.78 in the no-disease group and
1.57 ± 1.30 in the disease group.

The two categorical exercise features were exercise-induced
angina and ST slope. Exercise-induced angina was absent
in 141 patients without recorded obstructive CAD (85.98%)
and present in 23 patients (14.02%). In the disease group,
exercise-induced angina was absent in 63 patients (45.32%)
and present in 76 patients (54.68%). Among patients without
recorded obstructive CAD, 106 patients (64.63%) had an up-
sloping ST segment, 49 patients (29.88%) had a flat slope, and
9 patients (5.49%) had a downsloping slope. Among patients
with recorded obstructive CAD, 36 patients (25.90%) had an
upsloping slope, 91 patients (65.47%) had a flat slope, and 12
patients (8.63%) had a downsloping slope.

Overall, the descriptive separation between disease groups
was substantially larger for the selected exercise features,
particularly maximum heart rate, ST depression, exercise-
induced angina, and ST slope. The differences for the selected
resting parameters were generally smaller.

Univariate Analyses (Continuous Exercise Features)

Maximum achieved heart rate demonstrated a strong in-
verse association with recorded obstructive CAD. The Welch
test comparing the disease and no-disease groups produced
t=−7.858 with p=9.11×10−14. Hedges’ g was −0.916, with
a bootstrap 95% confidence interval (CI) from −1.169 to
−0.679, indicating a large standardized difference. The point-
biserial correlation was rpb=−0.417 with p=3.46×10−14. The
negative values occurred because patients with recorded ob-
structive CAD achieved lower maximum heart rates. Maxi-
mum heart rate had a raw AUROC of 0.255. After applying
the same direction-independent AUC*=max(AUC, 1−AUC)
calculation to all eight features, maximum heart rate had
AUC*=0.745 with a bootstrap 95% CI of 0.690–0.799. It was
therefore inverted for ROC plotting without reversing the dis-
ease labels.

ST depression demonstrated a strong positive association
with recorded obstructive CAD. The Welch test produced
t=7.823 with p=2.20×10−13. Hedges’ g was 0.935, with a
bootstrap 95% CI of 0.711–1.182, indicating a large standard-
ized difference. The point-biserial correlation was rpb=0.425
with p=1.10×10−14. ST depression had a raw AUROC and
AUC* of 0.735, with a bootstrap 95% CI of 0.678–0.792.
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Table 1 Descriptive statistics for continuous resting and exercise features by recorded obstructive CAD status.

Feature set Feature No obstructive CAD
mean ± SD

Recorded obstructive CAD
mean ± SD

Resting Resting blood pressure (mm Hg) 129.25 ± 16.20 134.57 ± 18.77
Resting Total cholesterol (mg/dL) 242.64 ± 53.46 251.47 ± 49.49
Exercise Maximum heart rate (beats/min) 158.38 ± 19.20 139.26 ± 22.59
Exercise ST depression 0.59 ± 0.78 1.57 ± 1.30

Values are means ± sample standard deviations. Group sizes were 164 without and 139 with recorded obstructive CAD.

Table 2 Distributions of categorical resting and exercise features by recorded obstructive CAD status.

Feature set Feature/category No obstructive CAD
Observed (Expected)

Recorded obstructive CAD
Observed (Expected)

Resting Resting ECG: normal 95 (81.73) 56 (69.27)
Resting Resting ECG: ST–T abnormality 1 (2.17) 3 (1.83)
Resting Resting ECG: UCI code 2 68 (80.11) 80 (67.89)
Resting Fasting glucose ≤120 mg/dL 141 (139.64) 117 (118.36)
Resting Fasting glucose >120 mg/dL 23 (24.36) 22 (20.64)
Exercise Exercise-induced angina: absent 141 (110.42) 63 (93.58)
Exercise Exercise-induced angina: present 23 (53.58) 76 (45.42)
Exercise ST slope: upsloping 106 (76.86) 36 (65.14)
Exercise ST slope: flat 49 (75.78) 91 (64.22)
Exercise ST slope: downsloping 9 (11.37) 12 (9.63)

UCI resting-ECG code 2 denotes probable or definite left-ventricular hypertrophy by Estes’ ECG criteria in the repository documentation; it is not a separately
confirmed diagnosis.

Univariate Analyses (Categorical Exercise Features)

Exercise-induced angina demonstrated the strongest categor-
ical association with recorded obstructive CAD. The Pearson
chi-squared test produced χ2=56.519 with 1 degree of free-
dom and p=5.56×10−14. Cramér’s V was 0.432, indicating a
relatively strong association, and the minimum expected count
was 45.416. Exercise-induced angina had a raw AUROC and
AUC* of 0.703, with a bootstrap 95% CI of 0.654–0.752.
Welch testing, Hedges’ g, and point-biserial correlation were
not calculated because exercise-induced angina was analyzed
as a binary categorical feature.

ST slope also demonstrated a substantial categorical as-
sociation with recorded obstructive CAD. The Pearson chi-
squared test produced χ2=45.785 with 2 degrees of freedom
and p=1.14×10−10. Cramér’s V was 0.389, and the mini-
mum expected count was 9.634. ST slope had a pooled out
of fold AUROC and AUC* of 0.678, with a bootstrap 95% CI
of 0.616–0.735. Welch testing, Hedges’ g, and point-biserial
correlation were not calculated because ST slope was analyzed
as a multicategory feature.

Univariate Analyses (Continuous Resting Features)

Resting blood pressure demonstrated a smaller positive asso-
ciation with recorded obstructive CAD. The Welch test pro-
duced t=2.615 with p=0.00941. Hedges’ g was 0.304, with a
bootstrap 95% CI of 0.088–0.532, indicating a small standard-
ized difference. The point-biserial correlation was rpb=0.151

with p=0.00855. Resting blood pressure had a raw AUROC
and AUC* of 0.574, with a bootstrap 95% CI of 0.514–0.637.

Total cholesterol showed a weak and nonsignificant rela-
tionship with recorded obstructive CAD. The Welch test pro-
duced t=1.492 with p=0.137. Hedges’ g was 0.171, with a
bootstrap 95% CI from −0.047 to 0.418. The confidence in-
terval crossed zero, indicating that the observed standardized
difference was not statistically supported. The point-biserial
correlation was rpb=0.085 with p=0.139. Total cholesterol had
a raw AUROC and AUC* of 0.570, with a bootstrap 95% CI
of 0.510–0.637.

Univariate Analyses (Categorical Resting Features)

Resting ECG produced an overall Pearson chi-squared statis-
tic of χ2=10.052 with 2 degrees of freedom and p=0.00657.
Cramér’s V was 0.182, indicating a small association. The
minimum expected count was 1.835, which was below 5;
therefore, the asymptotic chi-squared result was interpreted
cautiously and checked using the fixed-margin Monte Carlo
sensitivity analysis described in the Methods (Monte Carlo
p=0.00403). Resting ECG had a pooled out of fold AUROC
and AUC* of 0.575, with a bootstrap 95% CI of 0.515–0.638.
Welch testing, Hedges’ g, and point-biserial correlation were
not calculated because resting ECG was analyzed as a multi-
category feature.

Fasting glucose above 120 mg/dL produced χ2=0.193 with
1 degree of freedom and p=0.660. Cramér’s V was 0.025,
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Table 3 Univariate analyses of continuous exercise and resting features.

Set Feature Welch t p Hedges’ g [95% CI] rpb (p) AUC* [95% CI]

Exercise Maximum heart rate −7.858 9.11×10−14 −0.916 [−1.169,
−0.679]

−0.417
(3.46×10−14)

0.745 [0.690, 0.799]

Exercise ST depression 7.823 2.20×10−13 0.935 [0.711, 1.182] 0.425 (1.10×10−14) 0.735 [0.678, 0.792]
Resting Resting blood pressure 2.615 0.00941 0.304 [0.088, 0.532] 0.151 (0.00855) 0.574 [0.514, 0.637]
Resting Total cholesterol 1.492 0.137 0.171 [−0.047, 0.418] 0.085 (0.139) 0.570 [0.510, 0.637]

Hedges’ g is recorded obstructive CAD minus no recorded obstructive CAD. Confidence intervals were estimated using 5,000 bootstrap samples. For maximum
heart rate, raw AUROC was 0.255 and AUC*=0.745.

indicating essentially no association, and the minimum ex-
pected count was 20.644. Fasting glucose had a raw AUROC
and AUC* of 0.509, with a bootstrap 95% CI of 0.501–0.549.
Welch testing, Hedges’ g, and point-biserial correlation were
not calculated because fasting glucose was analyzed as a bi-
nary categorical feature.

The resting-ECG Pearson result was interpreted cautiously
because one expected count was below 5 and was checked
with the fixed-margin Monte Carlo sensitivity analysis speci-
fied in the Methods (Monte Carlo p=0.00403).

Across the four individual exercise features, mean AUC*
was 0.716, compared with 0.557 across the four resting pa-
rameters. The paired patient-level bootstrap difference was
0.158, with a 95% CI of 0.107–0.202. These univariate analy-
ses consistently demonstrated associations and descriptive dis-
crimination for the four selected exercise features.

Figure. 2 Comparative association strength of categorical resting
and exercise features. The two bar panels show Pearson chi-squared
statistics and Cramér’s V values for the four categorical features
(n=303).

Multivariate Analyses
We performed logistic-regression analysis across different fea-
ture selections.

Combined Exercise and Resting Feature Logistic Regres-
sion:
In the full multivariable logistic-regression analysis, contin-
uous features were standardized so that each odds ratio rep-
resented a one-standard-deviation increase. Among the exer-
cise features, maximum achieved heart rate was β=−0.502,
standard error (SE)=0.169, odds ratio (OR)=0.606, 95%

Figure. 3 Comparative association strength of continuous resting
and exercise features. The left panel shows Hedges’ g with boot-
strap 95% confidence intervals; the right panel shows point-biserial
correlations. Negative values for maximum heart rate indicate lower
values among records with obstructive CAD (n=303).

CI=0.435 – 0.843, and p=0.00294. Thus, a one-standard-
deviation increase in maximum heart rate was associated
with approximately 39.4% lower conditional odds of recorded
obstructive CAD. ST depression had β=0.749, SE=0.199,
OR=2.116, 95% CI=1.433–3.124, and p=0.000165. A one-
standard-deviation increase in ST depression was there-
fore associated with approximately 2.12 times the con-
ditional odds of recorded obstructive CAD. For the cat-
egorical exercise features, exercise-induced angina had
β=1.427, SE=0.322, OR=4.165, 95% CI=2.217–7.825, and
p=9.23×10−6. Records with exercise-induced angina there-
fore had approximately 4.17 times the conditional odds of
recorded obstructive CAD compared with records without
exercise-induced angina. ST slope was dummy-coded us-
ing upsloping as the reference category. Flat ST slope had
β=0.514, SE=0.341, OR=1.671, 95% CI=0.856–3.261, and
p=0.132. Downsloping ST slope had β=−0.705, SE=0.733,
OR=0.494, 95% CI=0.118–2.078, and p=0.336. Neither indi-
vidual ST-slope category remained statistically significant in
the complete model.

Among the resting parameters, resting blood pressure
had β=0.215, SE=0.154, OR=1.240, 95% CI=0.917–1.676,
and p=0.162. Total cholesterol had β=0.086, SE=0.147,
OR=1.090, 95% CI=0.817–1.454, and p=0.556. Neither con-
tinuous resting parameter remained statistically significant af-
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Table 4 Univariate analyses of categorical exercise and resting features.

Set Feature χ2 (df) p Cramér’s V Minimum
expected

AUC* [95% CI]

Exercise Exercise-induced angina 56.519 (1) 5.56×10−14 0.432 45.416 0.703 [0.654, 0.752]
Exercise ST slope 45.785 (2) 1.14×10−10 0.389 9.634 0.678 [0.616, 0.735]
Resting Resting ECG 10.052 (2) 0.00657 0.182 1.835 0.575 [0.515, 0.638]
Resting Fasting glucose >120 mg/dL 0.193 (1) 0.660 0.025 20.644 0.509 [0.501, 0.549]

Figure. 4 Receiver operating characteristic curves for the eight individual features. The top row shows resting parameters, and the bottom row
shows exercise features. For continuous and binary features, AUC*=max(AUC, 1−AUC) was applied to describe discrimination independently
of direction. Maximum heart rate was negated for plotting because its raw obstructive-CAD-positive AUROC was 0.255, while disease labels
were unchanged. For resting ECG and ST slope, curves were calculated using pooled out-of-fold probabilities from separate dummy-coded
logistic-regression models. Parentheses show bootstrap 95% confidence intervals (n=303).

ter conditioning on the other features in the model. For the cat-
egorical resting parameters, fasting glucose above 120 mg/dL
had β=0.002, SE=0.406, OR=1.002, 95% CI=0.452–2.223,
and p=0.996. Resting ECG was dummy-coded using nor-
mal ECG as the reference category. ST–T abnormality ver-
sus normal ECG had β=−0.059, SE=1.314, OR=0.943, 95%
CI=0.072–12.377, and p=0.964. UCI resting-ECG code 2 ver-
sus normal ECG had β=0.453, SE=0.300, OR=1.573, 95%
CI=0.873–2.834, and p=0.131. None of these categorical rest-
ing parameters remained statistically significant after condi-
tioning on the other model features.

Separate Logistic Regression for Exercise and Resting Fea-
tures:

The exercise-only logistic-regression model was evaluated us-
ing shuffled five-fold stratified cross-validation and pooled

out-of-fold predictions. Its confusion matrix contained 138
true negatives, 26 false positives, 39 false negatives, and 100
true positives. The model achieved accuracy=0.785, disease-
class precision=0.794, disease-class recall=0.719, disease-
class F1=0.755, specificity=0.841, and AUROC=0.817 with
a bootstrap 95% CI of 0.768–0.865. When no disease was
treated as the class of interest, precision was 0.780, recall was
0.841, and F1 was 0.809.

The resting-only model produced 111 true negatives, 53
false positives, 77 false negatives, and 62 true positives.
It achieved accuracy=0.571, disease-class precision=0.539,
disease-class recall=0.446, disease-class F1=0.488, speci-
ficity=0.677, and AUROC=0.604 with a bootstrap 95% CI of
0.540–0.668. When no disease was treated as the class of
interest, precision was 0.590, recall was 0.677, and F1 was
0.631.
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Table 5 Continuous terms in the full unpenalized multivariable logistic-regression model.

Set Predictor β SE OR 95% CI p

Exercise Maximum heart rate (per SD) −0.502 0.169 0.606 0.435–0.843 0.00294
Exercise ST depression (per SD) 0.749 0.199 2.116 1.433–3.124 0.000165
Resting Resting blood pressure (per SD) 0.215 0.154 1.240 0.917–1.676 0.162
Resting Total cholesterol (per SD) 0.086 0.147 1.090 0.817–1.454 0.556

β , regression coefficient; SE, standard error; OR, odds ratio; CI, confidence interval; SD, standard deviation. Continuous ORs represent a one-standard-
deviation increase.

Table 6 Categorical terms in the full unpenalized multivariable logistic-regression model.

Set Predictor β SE OR 95% CI p

Exercise Exercise-induced angina: yes vs no 1.427 0.322 4.165 2.217–7.825 9.23×10−6

Exercise ST slope: flat vs upsloping 0.514 0.341 1.671 0.856–3.261 0.132
Exercise ST slope: downsloping vs upsloping −0.705 0.733 0.494 0.118–2.078 0.336
Resting Fasting glucose >120: yes vs no 0.002 0.406 1.002 0.452–2.223 0.996
Resting Resting ECG: ST–T abnormality vs normal −0.059 1.314 0.943 0.072–12.377 0.964
Resting Resting ECG: UCI code 2 vs normal 0.453 0.300 1.573 0.873–2.834 0.131

Reference categories were absence of exercise-induced angina, upsloping ST slope, fasting glucose at or below 120 mg/dL, and normal resting ECG. The model
intercept was β=−1.047 (SE=0.297; OR=0.351; 95% CI=0.196–0.628; p=0.000426).

Table 7 Pooled out-of-fold performance of the exercise-only and resting-only logistic-regression models.

Model Accuracy Precision Recall F1 Specificity AUROC [95% CI]

Exercise-only 0.785 0.794 0.719 0.755 0.841 0.817 [0.768, 0.865]
Resting-only 0.571 0.539 0.446 0.488 0.677 0.604 [0.540, 0.668]

Precision, recall, and F1 use recorded obstructive CAD as the positive class. Metrics and confusion matrices were pooled from out-of-fold predictions for all
303 records.

Figure. 5 Odds ratios and 95% confidence intervals from the full
multivariable logistic-regression model. The dashed vertical line at
OR=1 denotes no conditional association. Continuous ORs are per
one-standard-deviation increase; resting ECG uses normal and ST
slope uses upsloping as reference categories (n=303).

Impact of Age and Sex:

Three additional logistic-regression models were evaluated us-
ing the same shuffled five-fold stratified cross-validation folds.
The model containing age and sex alone achieved an AUROC
of 0.707, with a bootstrap 95% CI of 0.651–0.765. Adding the

Figure. 6 Performance metrics for logistic-regression models based
on exercise versus resting features. Scores were calculated from
pooled out-of-fold predictions using identical shuffled five-fold strat-
ified cross-validation folds for all 303 records.

four resting parameters to age and sex increased AUROC to
0.730, with a 95% CI of 0.672–0.784. In comparison, adding
the four exercise features to age and sex increased AUROC to
0.846, with a 95% CI of 0.800–0.889.

Overall, the multivariable results showed that maximum
heart rate, ST depression, and exercise-induced angina re-
tained statistically significant conditional associations with
recorded obstructive CAD, whereas the selected resting pa-
rameters did not. The cross-validated model results demon-
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Table 8 Age- and sex-adjusted out-of-fold model comparison.

Model AUROC Bootstrap 95% CI

Age and sex 0.707 0.651–0.765
Age and sex + resting parameters 0.730 0.672–0.784
Age and sex + exercise features 0.846 0.800–0.889
Age and sex + all eight features 0.851 0.806–0.892

All models used identical shuffled five-fold stratified folds, random seed 42, and pooled out-of-fold probabilities for n=303.

Figure. 7 Confusion matrices for the exercise-only and resting-only
logistic-regression models. Predictions were pooled from identical
five-fold stratified cross-validation and totaled 303 records for each
model, rather than representing a single hold-out test set.

strated the same ordering, with the exercise-feature models
showing greater classification performance than the corre-
sponding resting-parameter models.

Hypothesis #2

To assess whether women younger than 55 with recorded
obstructive CAD had higher cholesterol levels compared to
women aged 55 or older, we first analyzed the averages of the
cholesterol values for both women younger than 55 years and
women aged 55 years or older. We found that the average
cholesterol for women younger than 55 was 323.00±25.46
mg/dL (n=2), while for women aged 55 or older it was
272.09±60.55 mg/dL (n=23). Furthermore, we conducted
both a Mann–Whitney U test and a Welch independent t-test.
Both tests were used to determine whether the difference in
cholesterol levels between the two groups was statistically
significant. The exact Mann–Whitney U test was not signifi-
cant (U=37.5, p=0.20), while the Welch t-test yielded t=2.32,
p=0.135. Additionally, a Pearson correlation analysis between
age and cholesterol produced an r=−0.313 with p=0.127 (Fig-
ure 8). The two women exactly age 55 were included in the
older group.

These analyses showed a descriptive trend consistent with
our hypothesis that women younger than 55 with recorded ob-
structive CAD may have higher cholesterol levels than women
aged 55 or older, but the difference was not statistically signif-

Figure. 8 Relationship between age and total cholesterol among
women with recorded obstructive CAD (n=25). The dashed line
marks the age-group boundary at 55 years; the solid line shows the
fitted linear trend (r=−0.313, p=0.127).

icant in this cohort. Therefore, the hypothesis was not statisti-
cally supported. Menopause and estrogen were not measured.

Discussion

Restatement of Key Findings:

The study found that exercise-related features, especially max-
imum heart rate, ST depression, and exercise-induced angina,
were strongly associated with recorded obstructive CAD.
Among resting features, resting blood pressure and resting
ECG showed significant associations before adjustment, but
none of the resting variables remained significant in the full
multivariable model. Within this dataset, adding exercise fea-
tures to age and sex substantially improved model discrim-
ination, while adding resting features provided only a small
additional benefit. Overall, the findings suggest that exercise-
related measurements may be particularly valuable for distin-
guishing CAD status in this dataset, although further valida-
tion in larger and independent populations is needed.

Implications and Significance:

The results quantify differences between the selected feature
sets in this retrospective dataset. They support further eval-
uation in larger, independent populations but do not establish
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that exercise testing is clinically superior to resting risk assess-
ment.

Connection to Objectives:

The primary objective was to statistically quantify associa-
tions of the chosen exercise and resting features with recorded
obstructive CAD. This objective was addressed: numerical
associations were found for both feature groups, with the
selected exercise features generally having stronger associa-
tions with recorded obstructive CAD. The analysis also aimed
to examine whether age and cholesterol were related among
women with recorded CAD. In the descriptive analysis, there
was a difference between the age groups; however, further sta-
tistical analysis was nonsignificant. Therefore, the second hy-
pothesis was not statistically supported.

Recommendation:

The findings highlight that exercise-induced angina, maxi-
mum heart rate, and ST-segment depression demonstrated
significant associations with prevalent obstructive coronary
artery disease (CAD) in this dataset. Baseline metabolic pan-
els remain essential for long-term primary prevention and risk
stratification11–14. Future research should expand upon these
retrospective observational findings by utilizing larger, mul-
ticenter prospective cohorts that include detailed hormonal
profiling (such as serum estrogen levels and menopausal sta-
tus), advanced lipid subfractions (such as LDL, HDL, and
Apolipoprotein B), and medication tracking (e.g., statin ther-
apy). Additionally, future studies should employ unselected,
sex-balanced populations to more reliably evaluate age- and
sex-stratified metabolic interactions without the risk of selec-
tion bias inherent to single-center, angiographically referred
datasets37.

Limitations:

Several key limitations constrain the findings of this study.
Methodologically, the reliance on the retrospective, single
center Cleveland dataset with a moderate sample size (n=303)
limits generalizability to broader clinical populations, and
the cohort contains substantial sex imbalances, including a
small subgroup of women with recorded obstructive CAD
(n=25). The features evaluated across groups are not bio-
logically equivalent; resting metabolic risk factors and dy-
namic exercise stress metrics measure distinct physiological
processes, and exercise parameters themselves are influenced
by unmeasured factors such as patient effort, fitness levels,
and stress-test protocols3. Furthermore, the dataset lacks crit-
ical clinical data, including medication usage (such as statins),
lifestyle factors, hormonal profiles (estrogen and menopausal

status), and detailed lipid subfractions (LDL/HDL), which re-
stricts the ability to control for confounding. Finally, as a
cross-sectional observational analysis without an external val-
idation cohort, the study can only evaluate associations with
prevalent angiographic CAD rather than establish causality,
future risk, or disease incidence.

Closing Thoughts:

Ultimately, this study found that, within the Cleveland dataset,
the selected exercise features provided greater discrimination
of recorded obstructive CAD. While resting markers remain
crucial for long-term cardiometabolic risk screening, exer-
cise measurements assess dynamic physiological responses
not captured by resting measurements3,6,15,16. Moving for-
ward, leveraging larger, prospectively tracked cohorts with
comprehensive hormonal and lipid data will be essential28–30.
Determining whether these findings generalize and can inform
clinical predictions will require evaluation in different popu-
lations24,25.
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