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Abstract: Background/Objectives: Coronary artery disease (CAD) is a common and treatable cause
of heart failure (HF), but ischemic evaluation is often overlooked when evaluating patients with
new-onset HF. Here, we sought to discern demographic and clinical predictors of ischemic workup
in patients with newly diagnosed HF. Methods: A retrospective study of 200 consecutive patients
with new-onset HF admitted to our safety-net hospital between 2011 and 2015 was performed. We
developed a multivariate logistic regression model to analyze determinants of undergoing ischemic
evaluation. Results: A total of 99 patients (49.5%) underwent ischemic workup, while 101 patients
(50.5%) did not. The mean age of the cohort was 73.9 ± 16, with 50% as male and 51% as White.
In total, 41.5% of patients had HF with reduced ejection fraction, and 37% of patients had HF with
preserved ejection fraction. Among the patients who underwent ischemic evaluation, 63.6% received
nuclear stress testing, 24.2% received cardiac catheterization, 9.1% received stress echocardiography,
and 3% received computed tomography angiography. Demographic and clinical factors such as sex,
age, race, presence of hypertension, hyperlipidemia, chronic kidney disease, diabetes, or obesity
had no significant association with receiving ischemic workup (p > 0.05). Patients with known
CAD (OR 2.816, p = 0.015) and a higher social deprivation index (SDI) (OR 1.022, p = 0.003) were
significantly more likely to receive an ischemic evaluation. Atrial fibrillation was significantly
negatively associated with receiving ischemic workup (OR: 0.24; p = 0.001). Conclusions: In our
single-center safety-net hospital analysis, known CAD and higher SDI were significant predictors of
ischemic evaluation in patients with newly diagnosed HF. Multiple demographic features, including
age, sex, race, and clinical features, including HF type, hypertension, hyperlipidemia, and diabetes,
had no significant correlation with ischemic workup.
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1. Introduction

Heart failure bears a high burden of mortality, contributing to over 10% of deaths
annually in America [1]. Over one million patients are diagnosed with heart failure each
year in the United States, and approximately two-thirds of heart failure cases can be
attributed to pre-existing CAD [2–4]. Ischemic evaluation is often minimally invasive or
non-invasive, including modalities such as exercise stress testing, echocardiography, and
diagnostic coronary angiography. Nonetheless, testing is often underutilized in patients
with newly diagnosed heart failure.

Studies have shown that the majority of patients presenting with new-onset heart fail-
ure do not receive any ischemic workup [5,6]. One study, using data from the MarketScan
Commercial and Medicare Supplemental databases, found that, of patients with new-onset
HF diagnosed during an inpatient hospitalization, only 17.5% of patients underwent CAD
testing during the admission, increasing to 27.4% within the next 90 days with a revascu-
larization rate of 4.3% [5]. During the early stages of disease progression, CAD patients

J. Clin. Med. 2024, 13, 7279. https://doi.org/10.3390/jcm13237279 https://www.mdpi.com/journal/jcm

https://doi.org/10.3390/jcm13237279
https://doi.org/10.3390/jcm13237279
https://creativecommons.org/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://www.mdpi.com/journal/jcm
https://www.mdpi.com
https://orcid.org/0000-0002-1200-3386
https://orcid.org/0000-0001-9737-7266
https://orcid.org/0000-0003-2104-7230
https://doi.org/10.3390/jcm13237279
https://www.mdpi.com/journal/jcm
https://www.mdpi.com/article/10.3390/jcm13237279?type=check_update&version=2


J. Clin. Med. 2024, 13, 7279 2 of 9

may only present with minor symptoms or remain asymptomatic, making it unlikely to
prompt further ischemic evaluation. Notably, asymptomatic CAD is highly prevalent
among patients with type 2 diabetes mellitus [7]. It was also shown that hypertension,
hyperlipidemia, HF with reduced ejection fraction, mixed or unspecified HF, and smoking
were associated with increased odds of ischemic evaluation. Another study, utilizing the
GWTG-HF registry, showed that CAD testing occurred in <40% of patients with newly
diagnosed HF and identified younger age, male sex, smoking history, hyperlipidemia,
and left ventricular ejection fraction category as factors that increased the likelihood of
CAD testing [6]. These results, highlighting the underutilization and variability of ischemic
evaluation and revascularization in patients with new-onset HF, are particularly concerning
in the context of the STICHES trial, which demonstrated lower rates of all-cause mortal-
ity among patients who underwent coronary artery bypass grafting in conjunction with
medical therapy compared to medical therapy alone [8]. The findings from the STICHES
trial can be attributed to a significant reduction in risk-adjusted mortality with coronary
artery bypass grafting, likely due to advances in myocardial protection techniques, surgical
techniques, and perioperative care [8].

More recent research has acknowledged geographical, institutional, and physician-
based variability in rates of ischemic evaluation, warranting further investigation of these
differences to help tailor and enhance strategies to increase rates of testing in HF pa-
tients [2,9]. Our study is based on patient health records from a safety net hospital, which
reflects a patient population largely from underserved communities. In this regard, this
retrospective analysis addresses a patient population often overlooked within the national
healthcare system. Our aim was to elucidate the clinical and demographic factors that are
predictive of ischemic workup in newly diagnosed patients with heart failure at our tertiary
care center.

2. Materials and Methods

A total of 200 consecutive new-onset heart failure patients admitted to our hospital,
Nassau University Hospital, a safety-net tertiary care hospital in New York, between 2011
and 2015 were evaluated. Institutional Review Board approval was obtained for this
retrospective cohort study (IRB #21-386).

Demographic features were gathered, including age, sex, race, and social deprivation
index (SDI), correlated from zip codes using data from the contemporaneous American
Community Service, a project of the US Census Bureau [10]. Race was stratified into
White, Black/African American, Asian/Hawaiian/Pacific Islander, and Other. Clinical
features were also recorded, including the type of heart failure (HF with reduced ejection
fraction, HF with preserved ejection fraction, HF with mid-range ejection fraction, or HF
with improved ejection fraction) and diagnoses of coronary artery disease, hypertension,
hyperlipidemia, atrial fibrillation, chronic kidney disease, diabetes mellitus, and obesity.
Baseline patient demographic and clinical characteristics are described using proportions
for categorical variables and means with standard deviations for continuous variables.

A multivariate logistic regression model was constructed to determine characteristics
associated with receiving an ischemic evaluation. Ischemic evaluation was defined as any
of the following: stress echocardiography, nuclear stress imaging, computed tomography
coronary angiography, and cardiac catheterization. The tolerance and variance inflation
factors were calculated to evaluate the collinearity of the potential variables. The Hosmer–
Lemeshow test was performed to evaluate the goodness-of-fit of the constructed model. All
analyses were conducted using SPSS (IBM™ SPSS Statistics for Macintosh, Version 29.01.0,
Armonk, NY, USA) using a p-value ≤ 0.05 for statistical significance.

3. Results

The baseline demographic and clinical characteristics of the study population are
shown in Table 1. The average patient age was 73.9 years old. There were 100 men (50%)
and 100 (50%) women included in this study. A total of 99 patients (49.5%) received ischemic
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evaluation, while 101 patients (50.5%) did not receive ischemic evaluation. Of those who
received ischemic evaluation, 63.6% underwent nuclear stress testing, 24.2% underwent
cardiac catheterization, 9.1% underwent stress echocardiography, and 3% underwent
coronary CT angiography (Figure 1a). From these data, a multivariate logistic regression
model was constructed to identify factors associated with ischemic evaluation, which is
shown in Table 2. The model was statistically significant (X2(16) = 73.879, p < 0.001) and
correctly classified 75% of cases with a Nagelkerke R2 value of 0.44. This Nagelkerke
R2 value indicates that the model predictors explain approximately 44% of the variance
in ischemic evaluation, suggesting that the model is moderately strong and can reliably
provide insight into the relationships between the characteristics assessed and whether
ischemic evaluation was performed. All variables had variance inflation factors of <2
and tolerances of >0.5, suggesting no significant collinearity among them. The Hosmer–
Lemeshow goodness-of-fit evaluation indicated that the model fit the data well, suggesting
no significant difference between observed and predicted values (p = 0.238). Several
characteristics were identified as associated with whether a patient underwent ischemic
evaluation (Figure 1b). Notably, patients with known CAD (OR 2.816, p = 0.015) were found
to be more likely to receive ischemic evaluation. Furthermore, patients with higher SDI,
a marker of lower socioeconomic resources often associated with higher cardiovascular
morbidity and mortality, were also more likely to undergo ischemic workup (OR 1.022,
p = 0.003). In contrast, those with atrial fibrillation were less likely to undergo ischemic
evaluation (OR: 0.240; p = 0.001). Several demographic characteristics, including age,
sex, and race, were not significantly associated with whether a patient received ischemic
evaluation. Furthermore, although multiple clinical characteristics, including diagnoses
of chronic kidney disease, diabetes mellitus, hypertension, hyperlipidemia, and obesity,
were associated with an increased likelihood of undergoing ischemic evaluation, these
associations were not significant.

Table 1. Baseline patient demographic and clinical characteristics reported as means ± SD or %.

Covariate Overall
(n = 200)

No Ischemic
Evaluation

(n = 101)

Ischemic
Evaluation

(n = 99)

Age 73.9 ± 16 79 ± 15.9 68.7 ± 14.4

Sex
Male 50 44.6 55.6

Female 50 55.4 44.4

Race

White 51 63.4 38.4
Black or African

American 33.5 18.8 48.5

Asian, Hawaiian, or
Pacific Islander 5.5 8.9 2.0

Other 10 8.9 11.1
Social Deprivation Index (SDI) 44.3 ± 31.9 33.5 ± 30.2 55.2 ± 30

HF Type

HF with preserved
ejection fraction 37 41.6 32.3

HF with reduced ejection
fraction 41.5 37.6 45.4

HF with mid-range
ejection fraction 16 12.9 19.2

HF with improved
ejection fraction 1 0 2
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Table 1. Cont.

Covariate Overall
(n = 200)

No Ischemic
Evaluation

(n = 101)

Ischemic
Evaluation

(n = 99)

NYHA HF Classification Class II 1 2 0
Class III 68 69 67
Class IV 21 17 25

Unknown 10 12 8
Pro-BNP 11,103 ± 16,711 9950 ± 12,689 12,243 ± 19,856
Coronary artery disease 35.5 30.7 40.4
Hypertension 87.5 82.2 92.9
Hyperlipidemia 30 22.8 37.4
Atrial fibrillation 36.5 49.5 23.2
Chronic kidney disease 35.5 31.7 39.4
Diabetes mellitus 42 34.7 49.5
Obesity 11.5 5.9 17.2
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Figure 1. (a) Breakdown of ischemic evaluation by modality; (b) covariates determined as significantly
positively or negatively associated with undergoing ischemic evaluation in our study population.

Table 2. Multivariate logistic regression model predicting the likelihood of an HF patient receiving
ischemic evaluation.

Covariate Odds Ratio p-Value

Age 0.989 0.446

Sex
Male Reference Reference

Female 0.858 0.723

Race

White Reference Reference
Black or African American 1.960 0.159

Asian, Hawaiian, or Pacific Islander 0.611 0.595
Other 3.457 0.089

Social Deprivation Index (SDI) 1.022 0.003

HF Type

HF with preserved ejection fraction Reference Reference
HF with reduced ejection fraction 0.521 0.171

HF with mid-range ejection fraction 1.808 0.305
HF with improved ejection fraction 3.72 × 108 0.999

Coronary Artery Disease 2.816 0.015
Hypertension 2.082 0.200
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Table 2. Cont.

Covariate Odds Ratio p-Value

Hyperlipidemia 1.647 0.238
Atrial fibrillation 0.240 0.001
Chronic kidney disease 1.404 0.394
Diabetes mellitus 1.932 0.089
Obesity 3.014 0.096

4. Discussion

Prior studies have suggested that the variability in ischemic testing between geo-
graphical regions, health institutions, and physicians should be further studied in order to
develop and implement more effective approaches to improve rates of testing in patients
with new-onset heart failure [2,9]. Our aim was to determine which clinical and demo-
graphic factors were predictive of ischemic workup in newly diagnosed patients with heart
failure at our tertiary care center. Through our single-center safety-net hospital analysis,
we determined that known CAD and higher SDI had a significant positive association with
receiving ischemic workup, while atrial fibrillation had a significant negative association
with receiving an ischemic workup.

CAD is a highly prevalent and treatable condition that significantly contributes to heart
failure. Prior research has demonstrated that CAD is independently correlated with poorer
long-term outcomes for patients with heart failure [11,12]. This correlation underscores the
importance of identifying and addressing CAD in this vulnerable patient population. To
this end, the 2022 guidelines from the American Heart Association, American College of
Cardiology, and Heart Failure Society of America guidelines note that, in patients with heart
failure, evaluation for ischemic heart disease can provide utility in determining etiology
and management, while, in those with concomitant heart failure and CAD who are eligible
for revascularization, noninvasive stress imaging may be considered [13,14]. Despite these
recommendations, less than 40% of incident heart failure patients are evaluated for CAD,
and rates of CAD testing have remained relatively stagnant over the years [2]. We found
that patients with CAD were 2.8 times more likely to have undergone ischemic evaluation
than those without CAD, suggesting good concordance with recommended guidelines.
Early CAD testing (within 1–3 months of HF diagnosis) can decrease overall mortality rates,
primarily through treatment initiation and surgical intervention [8].

We also observed that atrial fibrillation was significantly negatively associated with
receiving an ischemic workup. This is possibly due to the attribution of atrial fibrillation-
related tachycardia cardiomyopathy as the primary etiology of a patient’s heart failure, thus
diminishing the suspicion of concomitant ischemic coronary disease. Given the overlap
in symptoms common to atrial fibrillation and ischemic heart disease, it is possible for
clinicians to misattribute these symptoms solely to the former without considering the
latter. Furthermore, patients presenting with symptomatic atrial fibrillation commonly
have elevated troponin levels, which can occur in both atrial fibrillation and ischemic heart
disease due to increased myocardial oxygen demand. Studies have suggested that a mild
troponin elevation in patients with atrial fibrillation is an unreliable indicator for significant
underlying ischemic disease, which may deter further workup, further contributing to
lower rates of ischemic evaluation in this patient population [15]. Nonetheless, heart failure
and atrial fibrillation have a complex relationship as atrial fibrillation has been thought to
accelerate atherosclerosis through systemic inflammation, endothelial dysfunction, and
increase myocardial oxygen demands, resulting in the development or exacerbation of
ischemic disease, and so ischemic testing in these patients should not be foregone [16].

Ischemic heart disease is the leading cause of HF with reduced ejection fraction in
developed countries, with one study reporting CAD as the underlying etiology of over 60%
of cases of HF with reduced ejection fraction [17]. While the role of CAD in HF continues
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to be investigated, research suggests that CAD-induced left ventricular or myocardial
dysfunction contributes to both the initial development and progression of HF with reduced
ejection fraction [17]. Studies have suggested that patients with HF with reduced ejection
fraction and HF with mid-range ejection fraction were more likely to undergo ischemic
evaluation. Furthermore, an ischemic evaluation performed in patients with new-onset HF
with reduced ejection fraction within 90 days of hospitalization was linked to nearly a 30%
decrease in HF readmission and mortality rates [18]. In our model, however, heart failure
type was not a significant predictor of testing, though HF with reduced ejection fraction
was the most represented type of heart failure in those receiving ischemic evaluation [2,6].
Our findings may suggest a potential gap in care as more HF with reduced ejection fraction
patients could benefit from higher rates of ischemic assessment. Furthermore, while
diagnoses of other diseases associated with cardiovascular morbidity, such as hypertension,
hyperlipidemia, chronic kidney disease, diabetes, and obesity, increased the likelihood
that a patient with heart failure underwent ischemic evaluation, these associations were
not statistically significant. Data from the Atherosclerosis Risk in Communities show
that, while rates of CAD in HF with reduced ejection fraction patients have declined over
time, comorbidities associated with HF, such as hypertension and atrial fibrillation, have
increased [18]. Therefore, the shifting trends in CAD prevalence and relevant comorbidities
in HF patients highlight the need for a continuously evolving approach toward disease
management. Given the complex relationship between heart failure and ischemic disease,
researchers have recently developed the HLM score, a pathophysiological-based prognostic
tool for patients with HF that assesses heart damage, lung involvement, and systemic
multiorgan involvement that has demonstrated promising prognostic power in patients
with HF due to ischemic heart disease [19,20].

SDI is a composite measure of area level deprivation based on seven demographic
characteristics obtained from the American Community Survey, including percent living in
poverty, percent with less than 12 years of education, percent single-parent households,
percent living in rented housing units, percent living in overcrowded housing units, percent
of households without a car, and percent non-employed adults under 65 years old [10].
These characteristics are assessed at multiple geographic levels and are analyzed through
factor analysis to identify underlying relationships with factor loadings used to weight each
component, including only variables with a factor loading greater than 0.60, to provide a
standardized measure of regional social deprivation [9]. This is particularly relevant in our
area of study as higher socioeconomic deprivation has been linked to higher cardiovascular
morbidity and mortality [21]. More specifically, lower family income and educational
background, which are accounted for in the calculation of SDI, were found to be associated
with increased rates of cardiac complications in patients newly diagnosed with heart
failure [22]. Consequently, patients with lower SDI and newly diagnosed heart failure
would likely benefit significantly from undergoing ischemic evaluation, which could guide
strategies to prevent or mitigate these cardiac complications. Although patients with
higher SDI are often less likely to undergo evidence-based therapy, in our analysis, we
found that patients with higher SDI were more likely to undergo ischemic evaluation [23].
This is reasonable considering that our institution is a safety-net hospital with a largely
underserved patient population, and these results align with prior studies at our institution
that have demonstrated equitable treatment of hospitalized patients with heart failure
regardless of socioeconomic status [24].

Several other demographic features, including age, sex, and race, had no significant
association with whether a patient received ischemic evaluation in our model. Studies
have suggested that elderly patients (>80 years old) were more likely to get tested than
middle-aged patients (40–64 years old); women were less likely to get tested than men;
and Black and Asian patients were less likely to get tested than White patients [2]. At
our institution, based on their odds ratios, women were less likely to undergo ischemic
evaluation compared to men, and individuals who identified as Black or African American
were more likely to undergo evaluation, while individuals who identified as Asian were less
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likely to undergo evaluation; however, these relationships were not statistically significant
in the regression analysis.

Of the modalities to evaluate for CAD, nuclear stress testing was utilized the most fre-
quently, occurring in over half of all patients who underwent workup, followed by cardiac
catheterization, stress echocardiography, and coronary CT angiography. For CAD evalua-
tion, exercise electrocardiogram is generally first-line as it is widely available, inexpensive,
does not require peripheral access or radiation exposure, and assesses functional capacity
with good sensitivity (68%) and specificity (77%) [25]; its use is contraindicated in those
unable to exercise or with specific baseline electrocardiogram abnormalities. Nonetheless,
this modality was not applicable to our study population of inpatients admitted for new-
onset heart failure. Nuclear stress testing is a form of radionuclide imaging that primarily
encompasses two major techniques: single photon emission computed tomography and
positron emission tomography. Single photon emission computed tomography is used most
often, while positron emission tomography, though it offers superior visual quality, is used
less frequently due to high cost and limited availability. Single photon emission computed
tomography and positron emission tomography offer similar specificities, though the latter
provides greater sensitivity (93%) compared to the former (88%) [26]. Another non-invasive
modality for CAD testing is stress echocardiography, which demonstrates higher sensitivity
(79%) and specificity (87%) compared to exercise electrocardiogram and higher specificity
but lower sensitivity compared to nuclear perfusion imaging [27]. However, stress echocar-
diography can be prone to poor image quality due to the patient body habitus or lung
disease and operator technique. Coronary CT angiography has a high negative predictive
value and so is recommended for patients with a low–intermediate risk of CAD. While
CCTA is relatively readily available and effective in evaluating atherosclerosis burden and
functional significance of stenosis, there are numerous patient-specific characteristics that
can reduce image quality. Furthermore, it necessitates the use of iodinated contrast and
involves some radiation exposure. Finally, cardiac catheterization is considered the gold
standard for the diagnosis of CAD, but it is invasive and costly, so the aforementioned
non-invasive strategies are preferentially recommended for initial CAD evaluation. There-
fore, it is reasonable that nuclear stress testing was the most utilized modality for ischemic
evaluation in our study population, given its availability, high sensitivity, and ability to be
performed on virtually any patient.

While our study provides unique insight into some of the clinical and demographic
characteristics predictive of ischemic evaluation in patients with heart failure at a safety-net
hospital, it is essential to acknowledge several potential limitations. The patient population
studied here was limited to the cardiology inpatient unit, so these results may not be
representative of those with incident heart failure who may be diagnosed in the outpatient
setting. Furthermore, this is a single-center retrospective study with a relatively small
sample size. As a result, the statistical power and generalizability of the results from this
study may be limited. Given the small sample size relative to the number of covariates,
there is also the risk of overfitting in the multivariate regression model, impacting its
reliability. As a retrospective study, there is also the potential for bias. Additionally, while
we used traditional statistical techniques in this study, there is emerging research regarding
the potential for machine learning to augment logistic regression and other statistical
analyses in the prediction of cardiovascular disease [28,29]. In future studies, integrating
machine learning with traditional statistical methods may provide enhanced predictive
capabilities regarding complex interactions among study variables.

5. Conclusions

In this single-center, safety-net hospital study, we found that ischemic evaluation
occurred in 50% of patients with newly diagnosed HF and identified that known CAD and
higher SDI were significantly positively associated with ischemic workup in patients with
newly diagnosed heart failure, while atrial fibrillation was significantly negatively associ-
ated with receiving ischemic workup. Notably, several demographic features, including
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age, sex, and race, as well as clinical features, including heart failure type, hypertension,
hyperlipidemia, and diabetes, had no significant association with ischemic evaluation. The
overall variation in ischemic evaluation trends observed in numerous studies necessitates
standardization of testing with respect to current guidelines for patients with heart failure,
given the mortality and quality of life benefits at stake. Our results add to the growing body
of literature centered on better understanding variability in ischemic testing in patients
with heart failure and compel further investigation to improve ischemic evaluation rates in
this vulnerable patient population.
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