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BACKGROUND: Chest pain (CP) in patients with nonobstructive coronary artery disease is a therapeutic challenge affecting

morbidity and mortality. We aimed to identify clinical factors associated with CP in this population, hypothesizing that obesity
and depressive symptoms are associated with CP,

METHODS AND RESULTS: In 814 patients with angiographically confirmed nonobstructive coronary artery disease, we measured
sociodemographic variables, clinical risk factors, medications, and Patient Health Questionnaire 9 scores for depressive
symptoms. We assessed CP frequency and prevalence by using all items from the Seattle Angina Questionnaire angina fre-
quency domain to generate an angina frequency composite score. In the overall sample (58.8+11.7 years old, 52.6% female),
42.8% had obesity, and 71.5% had CP, with an angina frequency composite score (SD) score of 76.4 (22.1). Compared with
individuals without obesity, individuals with obesity had a higher prevalence (77.6% versus 67%, P<0.001) and more frequent
CP (angina frequency composite score, 74.9 [SD, 22.2] versus 78.3 [SD, 21.9], P=0.02). Obesity was independently associated
with CP occurrence (odds ratio [OR], 1.7 [95% ClI, 1-2.9], P=0.04). Obesity’s connection with CP was only in men: men with
obesity had more frequent CP (angina frequency composite score, 75.8 [SD, 20.1] versus 82.1 [SD, 19.9], P=0.002) and more
prevalent CP (79.5% versus 58.2%, P<0.001) than their counterparts insofar as men with obesity had similar CP to women.
Patient Health Questionnaire 9 score (OR, 1.07 [95% CI, 1.01-1.13], P=0.03) was independently associated with CP and partly
mediated the association between obesity and CP.

CONCLUSIONS: Obesity and depressive symptoms were independently associated with CP in individuals with nonobstructive
coronary artery disease, particularly in men, and depressive symptoms partly mediated this association.
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plications of nonobstructive coronary artery dis-
ease (NOCAD) in those with ischemia or chest
pain are now apparent based on mounting data over
the past 3 decades.'”” Aimost half of the individuals un-
dergoing cardiac catheterization have NOCAD (usually
defined as <50% stenosis), with a higher prevalence

The high prevalence and important prognostic im-

in women than men.">* Patients with NOCAD were
previously reassured without further management, but
data from recent decades demonstrate higher mor-
bidity and mortality in this group than in the general
population.®-® For example, patients with NOCAD are
at greater risk for myocardial infarction within 1year of
angiography than those with normal coronaries.®
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CLINICAL PERSPECTIVE
What Is New?

Obesity is associated with self-reported chest
pain in those with nonobstructive coronary ar-
tery disease, particularly in men, and depres-
sive symptoms partially mediate the association
between obesity and self-reported chest pain.

What Are the Clinical Implications?

e Weight loss is a potential management strategy
to improve chest pain and, ultimately, quality of
life in patients with nonobstructive coronary ar-
tery disease.

e Treating depression could potentially reduce
chest pain in patients with nonobstructive coro-
nary artery disease.

Nonstandard Abbreviations and Acronyms

AFCS angina frequency composite score
CMD coronary microvascular disease
NOCAD non-obstructive coronary artery disease
PHQ9 Patient Health Questionnaire 9

Chest pain in those with NOCAD often translates to
greater usage of health care resources due to higher rates
of cardiovascular and noncardiovascular hospitalizations,
repeat angiograms, and use of antianginal medications
compared with controls.®-889 Lifetime economic costs
were estimated to be >$750000 for US women with
NOCAD in 2006.° Furthermore, symptom burden is an
important prognostic factor in patients with NOCAD, as
women with NOCAD and persistent angina had greater
event rates than their counterparts with NOCAD who had
a resolution of their angina in 1year.®

Although studies have established the connection
between NOCAD, angina, and worse cardiovascular
disease (CVD) outcomes, they have not fully identified
risk factors associated with symptoms in individuals
with NOCAD.3-689 QObpesity is a risk factor that is be-
coming increasingly prevalent, estimated to affect 50%
of individuals in the United States by 2030, and has
been implicated as a cause of angina in population-
based studies.'®"" Wilson et al. found that Framingham
Heart Study participants with obesity had about a 63%
increased risk of angina than Framingham Heart Study
participants without obesity."" Furthermore, in a Swedish
study, individuals with obesity who achieved weight loss
via bariatric surgery reported improvement in chest pain
compared with those without bariatric surgery.'?
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Although studies have associated obesity with angina,
these were large registry- or population-based studies
where CAD severity was not reported. The relationship
between obesity and angina in those with established
NOCAD on angiography has not been clear. Given
advancements in weight loss therapies, establishing a
connection between obesity and angina in patients with
NOCAD could identify a therapeutic target to reduce
morbidity, mortality, and health costs in this population.
This study examined the relationship between obesity
and responses to the Seattle Angina Questionnaire
(SAQ), a validated, reproducible measure of angina, in a
cohort with established NOCAD."*"'" Because previous
studies investigating patients with CAD and healthy indi-
viduals have suggested that individuals with depression
are more prone to angina, we also examined the asso-
ciation of depressive symptoms with SAQ responses in
these participants with NOCAD.'® We hypothesized that
obesity and depressive symptoms would be associated
with a higher prevalence and frequency of self-reported
chest pain, as measured by the SAQ, in patients with
NOCAD (Figure 1).

METHODS

The data, analytic methods, and materials used to
conduct this research and support these findings are
available from the corresponding author upon reason-
able request.

Study Design

Participants between the ages of 20 and 90 enrolled
in the Emory Cardiovascular Biobank, a prospective
registry of patients undergoing left heart catheteriza-
tion for evaluation or management of CAD at 3 Emory
Healthcare sites in Atlanta between 2003 and 2022,
were included.’® Nearly all registry participants included
in our study underwent left heart catheterization for
symptoms, abnormal stress test, suspected acute coro-
nary syndrome, or preoperative workup as part of routine
clinical care for having clinical presentations suspicious
of myocardial ischemia. Patient demographic informa-
tion, medical history, medication use, psychological his-
tory, and social determinants of health, including marital,
employment, and education status, were gathered in
precatheterization interviews and confirmed with a
medical record review. At enrollment, we measured self-
reported chest pain frequency using items from the SAQ
angina frequency domain.’®* A body mass index (BMI)
cutoff of 30kg/m? was used to designate obesity status.
BMI ranges between 30 and 34.9kg/m? were desig-
nated as obesity class 1, 35 and 39.9kg/m? were des-
ignated as obesity class 2, and 40kg/m? or more were
designated as obesity class 3. Investigators blinded to
the questionnaire data interpreted the angiograms, and
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Figure 1. Hypothesized relationship between obesity,
depression, and angina in patients with nonobstructive
coronary artery disease.

Directed acyclic graph depicting the hypothesis that obesity
and depressive symptoms are associated with angina among
patients with nonobstructive coronary artery disease.

we categorized patients having <60% epicardial coro-
nary artery stenosis as having NOCAD. We excluded
patients with obstructive (250% stenosis) CAD, ejection
fraction <50%, history of heart failure with preserved or
reduced ejection fraction, valvular heart disease, pul-
monary hypertension, revascularization history, organ
transplant, and dialysis from our sample. Of the total,
814 participants with NOCAD, BMI data, and SAQ data
were included. The Institutional Review Board at Emory
University approved the study, and patients provided in-
formed consent.

Assessment of Chest Pain

The SAQ is a self-administered, validated question-
naire that measures 5 components of angina: physical
limitation, angina frequency, anginal stability, treatment
satisfaction, and quality of life.’® Scores from the SAQ
angina frequency domain, which is composed of 2
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items, have shown validity, reproducibility, and respon-
siveness in measuring angina and have been used as
the primary measure of angina in previous studies, in-
cluding those investigating individuals with NOCAD.'3-"
So, self-reported chest pain on the 2 items compris-
ing this SAQ domain served as a surrogate for angina.
These 2 questions were the following: (1) how many
times have you had chest pain, chest tightness, or an-
gina in the past 4 weeks; and (2) how many times have
you taken nitroglycerin (tablets or spray) for chest pain,
tightness, or angina in the past 4 weeks?'® Participant
responses to each question were scored from 0 to 100
per SAQ scoring, with lower scores indicating more
frequent chest pain or use of nitroglycerin and 100 in-
dicating no chest pain or nitroglycerin use.”® We refer
to the SAQ angina frequency domain score—the av-
erage of the scores from the 2 items that comprise
this domain and proxy for self-reported chest pain
frequency—as the angina frequency composite score
(AFCS). The prevalence of self-reported chest pain was
measured by grouping individuals into any chest pain
(AFCS <100) or no chest pain (AFCS=100) groups.

Assessment of Depressive Symptoms

We used the Patient Health Questionaire-9 (PHQ-9)—a
validated self-administered questionnaire comprising 9
items that screen for depression—to assess depres-
sive symptoms.2°-22 Patients in the biobank registry
completed this questionnaire in person upon enroll-
ment. Each item estimates the frequency of specific
depressive symptoms over the preceding 2weeks.
Scores for each item range from 0 (“not at all”) to 3
(“nearly every day”) and are aggregated to generate the
total score, which ranges from O to 27. PHQ9 scores
of <4 are indicative of no depression.2%-?? We also as-
certained depression therapy by asking patients if they
were receiving counseling or taking medications for
depression upon enrollment.

Statistical Analysis

We present categorical variables as proportions and
continuous variables as means+SD or medians [in-
terquartile range]. We used the Shapiro-Wilk test to
assess the normality of variable distributions. Mann—
Whitney U, Kruskal-Wallis, and t tests were used to
compare continuous variables, as appropriate. We
used chi-square tests to compare categorical varia-
bles. We performed multivariable analyses using logis-
tic regression models, with the dichotomic occurrence
of self-reported chest pain as the outcome variable,
and linear regression models, with the AFCS as the
outcome variable, to identify covariates with significant
associations with chest pain prevalence or frequency.
Covariates in modeling included obesity or BMI, age,
race, hypertension, diabetes, smoking, sex, chronic



Vatsa et al

kidney disease (glomerular filtration rate <60mL/min),
low-density lipoprotein levels, high-density lipoprotein
levels (HDL), depressive symptoms (PHQ9 score), and
antianginal medications. Specific social determinants
of health like marital status, education, and employ-
ment status that were available in the biobank registry
were included in multivariable analyses.

Interaction analyses were performed to evaluate
whether demographics, social determinants of health,
traditional cardiovascular disease risk factors, or de-
pression modified obesity’s association with chest pain.
In these analyses, high low-density lipoprotein was
defined as >100mg/dL, and low HDL was defined as
<40mg/dL for men and <50mg/dL for women.?® All in-
teraction effects were adjusted for the demographics,
cardiovascular disease risk factors, depressive symp-
toms, medications, and social determinants of health.
Subgroup analysis was performed on adjusted inter-
action effects with P values <0.1. In post hoc pairwise
comparisons, P values less than the Bonferroni cor-
rected P value of 0.008 were considered significant.

Finally, to explore how obesity is associated with
self-reported chest pain, a mediation analysis using
the Monte Carlo casual-mediation method was used.?*
This method allowed us to quantify the mediation of
the association between obesity and self-reported
chest pain through obesity-related CVD risk factors
and depressive symptoms.?* In these mediation analy-
ses, obesity status was the independent variable, and
the occurrence of any self-reported chest pain was
the outcome variable. All analyses were performed
using SPSS 28.0.1.0 (Chicago, IL, USA) and R 4.2.3 (R
Foundation for Statistical Computing, Vienna, Austria).

RESULTS

The mean age of the 814 included participants was 58.8
(11.7) years, 52.6% were female, and 42.7% had obesity,
with a median BMI [interquartile range] of 29.3 [25.8—-34.0]
(Table 1). Among the 260 (31.9%) individuals for whom
we have catheterization indication data, 190 received
catheterization for symptoms, workup of acute coronary
syndrome, or abnormal stress test, and 60 received cath-
eterization for preoperative workup due to symptoms or
findings concerning for myocardial ischemia. So, 250 of
the 260 individuals (96.2%) with catheterization indica-
tion data received clinically indicated catheterization for
suspected myocardial ischemia. Of the total sample, 582
(71.5%) individuals had self-reported chest pain within the
previous 4-week period, and the mean+SD angina fre-
quency composite score was 76.4 (22.1).

Individuals with obesity were younger and more likely
to be Black, single, have hypertension, have diabetes,
and not have a high school education than patients
without obesity. Participants with obesity also had
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lower HDL levels and higher PHQ9 scores than their
counterparts without obesity (P<0.001). Medication
use was similar between the 2 groups (Table 1).

Obesity and Chest Pain Prevalence and
Frequency
Chest Pain Prevalence

Individuals with obesity had a higher prevalence of self-
reported chest pain than individuals without obesity
(77.6% versus 67%, P<0.001) (Figure 2A). Moreover,
the prevalence of self-reported chest pain signifi-
cantly increased with increasing weight class (P=0.01)
(Figure 2B). Individuals with obesity were 1.73 [1.04,
2.87] (P=0.04) times more likely to have self-reported
chest pain than individuals without obesity after adjust-
ment for demographics, traditional CVD risk factors,
social determinants of health, depressive symptoms,
and antianginal medications (Table 2). Depressive
symptoms were also independently associated with
self-reported chest pain prevalence (odds ratio [OR],
1.07 [95% ClI, 1.01-1.13], P=0.03, Table 2). Other co-
variates associated with self-reported chest pain prev-
alence in the fully adjusted model included younger
age, smoking, and absence of diabetes (P<0.05) while
being female (OR, 1.71 [95% CI, 0.96-3.05], P=0.07)
had a nearly significant association with prevalence of
self-reported chest pain (Table 2).

Chest Pain Frequency

Individuals with obesity had more frequent self-
reported chest pain than individuals without obesity
(AFCS, 74.9 [SD, 22.2] versus 78.3 [SD, 21.9], P=0.02)
(Figure 2C), with the frequency of self-reported chest
pain numerically increasing with increasing weight
class (P=0.1) (Figure 2D). In the entire cohort, obesity
was associated with more frequent self-reported chest
pain in univariate models (AFCS: obesity B, —3.2 [95%
Cl, —6.3 to —0.1], P=0.04), but this was not significant
after adjustment for demographics, CVD risk factors,
social determinants of health, depressive symptoms,
and antianginal medications (AFCS: obesity 3, —-0.8
[95% ClI, -5 10 3.3], P=0.7). In the overall sample, being
female (AFCS: female B, -4.8 [95% CI, -9 to -0.6],
P=0.03), smoking (AFCS: smoking B, —11.6 [95% CI,
-18.8 to —-3.3], P=0.005), and having more depres-
sive symptoms (AFCS: PHQ9 B, -0.8 [95% ClI, -1.3
to —0.4], P<0.001) was independently associated with
more frequent self-reported chest pain.

Interaction Between Obesity, Sex,
Depression, and Chest Pain

Interaction analyses were performed to investigate
whether demographic features, social determinants of



Vatsa et al Impact of Obesity and Depression on Chest Pain

Table 1. Baseline Characteristics

Risk factor/medication ‘ Total (n=814) ‘ Without obesity (n=466) ‘ With obesity (n=348) P value
Demographics

Age, y +SD ‘ 58.0+11.7 ‘ 60.3+12.3 ‘ 56.6+10.7 <0.001

Sex 0.6
Female 428 (53.7%) 238 (52.8%) 190 (54.9%)

Male 369 (46.3%) 213 (47.2%) 156 (45.1%)

Race and ethnicity <0.001

Black 168 (20.6%) 67 (14.4%) 101 (29%)
White 587 (71.1%) 355 (76.2%) 232 (66.7%)
Asian 10 (1.2%) 8 (1.7%) 2 (0.6%)
Hispanic 13 (1.6%) 8 (1.7%) 5 (1.4%)
Other 17 (2.1%) 13 (2.8%) 4 (1.1%)

Social determinants of health

Marital status 0.02
Married 537 (66.7%) 323 (70.1%) 214 (62.2%)

Single 268 (33.3%) 138 (29.9%) 130 (37.8%)

Education 0.006
Below high school education 82 (10.6%) 35 (7.9%) 47 (14.1%)

High school education or higher 695 (89.4%) 409 (92.1%) 286 (85.9%)

Employment 0.1
Employed 370 (46.4%) 201 (43.9%) 169 (49.7%)
Unemployed/disabled/retired 428 (53.6%) 257 (56.1%) 171 (50.3%)

Cardiovascular disease risk factors

Diabetes 183 (24.6%) 57 (13.6%) 126 (38.8%) <0.001

Current smoking 60 (7.5%) 41 (8.9%) 19 (5.5%) 0.1

Hypertension 470 (61.1%) 227 (51.8%) 243 (73.4%) <0.001

Chronic kidney disease 100 (12.3%) 59 (12.7%) 41 [11.8%) 0.8

Coronary artery disease, 30% Stenosis (%) 145 (28.6%) 88 (28.3%) 57 (27.5%) 0.7

Body mass index, kg/m? [IQR] 29.3[25.8-34.0] 26.4 [24.2-28.1] 35.0[32.0-39.1] <0.001

Low-density lipoprotein, mg/dL [IQR] 102.5 [82.0-125.0] 105.0 [85.0-128.0] 102.0 [82.0-121.0] 0.6

High-density lipoprotein, mg/dL [IQR] 44.0 [36.0-56.0] 47.0 [38.0-61.0] 41.0 [34.0-50.0] <0.001

History of angina (chest pain) 264 (37.4%) 146 (36.4%) 118 (38.8%) 0.6

Cardiac medication history

Calcium channel blocker 105 (12.9%) 53 (11.4%) 52 (14.9%) 0.1

Beta blocker 172 (21.1%) 99 (21.2%) 73 (21.0%) 1

Long acting nitrates 62 (30%) 35 (26.9%) 27 (35.1%) 0.3

Statin 189 (23.2%) 115 (24.7%) 74 (21.3%) 0.3

Aspirin 226 (27.8%) 137 (29.4%) 89 (25.6%) 0.2

Psychological risk factors

Patient Health Questionnaire 9 score [IQR] 3.0[1.0, 7.0 3.0[0.0, 6.0] 4.01.0, 8.0] <0.001

Depression history 185 (22.7%) 92 (19.7%) 93 (26.7%) 0.01

Depression therapy 158 (21%) 82 (19.0%) 76 (23.8%) 0.07

P values compare individuals with and without obesity. IQR indicates interquartile range.

health, CVD risk factors, and depression (PHQ9 score =~ Chest Pain Prevalence

>4) influenced the relationship between obesity and Overall, women (75.2% versus 67.2%, P=0.02) and
self-reported chest pain. Significant interactions were participants with depression (82.2% versus 65.3%,
observed with sex (P=0.08) and depression (P=0.08)  p_0 001) were more likely to have self-reported chest

(Figure S1). pain than men and individuals without depression
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Without obesity
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With obesity
(n=348)

on| C *
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With obesity
(n=348)

Percentage with chest pain

Mean angina frequency composite score

P=0.01
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Without obesity Obesity Obesity Obesity
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D

© 77.8
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20
0
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Figure 2. Relationship between self-reported chest pain and obesity status.
Prevalence of self-reported chest pain by obesity status (A) and weight class (B). Mean angina frequency composite score by
obesity status (C) and weight class (D). Significant P values (<0.05) are indicated with an asterisk or provided.

(Figure 3). In post hoc pairwise comparisons, obesity
was associated with a significantly higher prevalence of
self-reported chest pain in men (79.5% versus 58.2%,
P<0.001) and in individuals without depression (75.6%
versus 58.7%, P<0.001), compared with their counter-
parts without obesity in these subgroups. However,
there was no association between obesity and the
prevalence of self-reported chest pain in women and
those with depression (Figure 3A,C).

Chest Pain Frequency

As with prevalence, women (AFCS, 73.8 [SD, 23] ver-
sus 79.4 [SD, 20.6], P<0.001) and individuals with de-
pression (AFCS, 69.4 [SD, 24.1] versus 80.7 [SD, 19.6],
P<0.001) had more frequent self-reported chest pain
than men and individuals without depression (Figure 3).
In post hoc analysis, the presence of obesity was sig-
nificantly associated with more frequent self-reported
chest pain in men (AFCS, 75.8 [SD, 20.1] versus 82.1
[SD, 19.9], P=0.002) but had no significant association
with self-reported chest pain frequency in women and
individuals with or without depression (Figure 3B,D).
Notably, self-reported chest pain frequency in women

J Am Heart Assoc. 2024;13:e031429. DOI: 10.1161/JAHA.123.031429

with or without obesity was similar to that of men with
obesity (Figure 3B).

Mediation of the Association Between
Obesity and Chest Pain Through
Traditional Cardiovascular Risk Factors
and Depressive Symptoms

In adjusted models examining the covariates indepen-
dently associated with obesity, we found that obesity was
independently associated with greater depressive symp-
toms (PHQQ score), the presence of hypertension, and
lower HDL levels in this cohort (P<0.05). Because obesity
was independently associated with hypertension, HDL
levels, and depressive symptoms, mediation analysis
was performed to assess whether these covariates me-
diate the association between obesity and self-reported
chest pain prevalence. Monte Carlo causal-mediation
analysis revealed that only depressive symptoms had
a significant mediation effect (P=0.04), accounting for
12.6% of the association between obesity and the preva-
lence of self-reported chest pain. The mediation effect of
obesity on self-reported chest pain through depressive
symptoms was not modified by sex.
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Table 2. Unadjusted and Adjusted Associations Between Covariates and Self-Reported Chest Pain Prevalence

Covariates Univariable odds ratio [95% Cl] Multivariable odds ratio [95% CI]
Obesity 1.71 [1.24-2.35]* 1.73 [1.04-2.87]
Body mass index 1.03 [1.01-1.06]* 1.01 [0.98-1.05]
Age 0.96 [0.95-0.97]* 0.97 [0.95-1]
Sex (male) 1.48 [1.09-2.02]* 1.58 [0.96-2.6]
Race (White) 0.73[0.49-1.05] 0.73[0.39-1.37]
Diabetes 0.99 [0.69-1.44] 0.49 [0.27-0.88]*
Hypertension 0.98 [0.71-1.35] 1.01 [0.62-1.66]
Smoking 2.40 [1.15-4.96]* 5[1.13-22.1]
Low-density lipoprotein 1.01 [1.00-1.01] 11[0.99-1.01]
High-density lipoprotein 0.99 [0.98-1.01] 0.99 [0.97-1]
Chronic kidney disease 0.92 [0.58-1.46] 1.79 [0.84-3.83]
Depressive symptoms: Patient Health Questionnaire 9 score 1.13 [1.08-1.18]* 1.07 [1.01-1.13]*
Calcium channel blocker 2.51 [1.47-4.26]* 0.94 [0.46-1.96]
Beta blocker 2.53 [1.54-4.17]" 114 [0.65-2.04]
Education, high school education or higher 0.46 [0.25-0.86]" 0.61 [0.25-1.48]
Marital status, single 1.11 [0.78-1.54] 1.21 [0.71-2.08]
Employment status, full or partial employment 1.57 [1.14-2.14] 1.22 [0.73-2.04]

Univariable and multivariable associations between listed factors and prevalence of self-reported chest pain. The multivariable model (n=454) included listed
demographics, traditional cardiovascular risk factors, social determinants of health, depressive symptoms, and antianginal medications covariates.

*Significant associations (P<0.05).

DISCUSSION

Main Findings

Novel findings of this study are that there is a relation-
ship between obesity and self-reported chest pain in
patients with NOCAD, whereby individuals with obe-
sity were more likely to have self-reported chest pain
and reported more frequent chest pain compared with
individuals without obesity. The association between
obesity and the prevalence of self-reported chest pain
was independent of demographics, traditional cardio-
vascular disease risk factors, social determinants of
health, depressive symptoms, and medication use.

In this cohort of participants with NOCAD, we found
obesity’s association with chest pain predominantly in
men and those without depression, whereby men with
obesity had similar self-reported chest pain to women.
These findings may be because, regardless of obesity
status, women and those with depression had a sig-
nificantly higher self-reported chest pain burden and
frequency than their counterparts, making it difficult
to measure a significant association between obesity
and chest pain in these subgroups. Our results in this
cohort with NOCAD, which suggests increased chest
pain prevalence and frequency in women and those
with depression, corroborate previous studies showing
increased chest pain in women and those with depres-
sion in other populations.'®:25

Findings in our study describing an overall relation-
ship between obesity and self-reported chest pain are
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consistent with what has been previously reported in
populations different from the one investigated in this
study. The association between obesity and chest
pain in this cohort of patients with NOCAD was similar
to the association Wilson et al. reported in a cohort
from the Framingham Heart Study, which found a 63%
increased risk of angina among individuals with obesity
versus those without obesity." However, we are the
first to report such an association in individuals with
NOCAD diagnosed from invasive cardiac testing.

Moreover, our findings on depressive symptoms
and self-reported chest pain reflect results from previ-
ous literature on patients with NOCAD.'8:26.27 We previ-
ously showed a negative association between the SAQ
angina frequency and PHQ8 scores (adjusted PHQ8 B:
—1.11, P<0.001) independent of clinical risk factors in a
smaller subset of individuals without obstructive CAD.®
We have now expanded on these findings connecting
depressive symptoms to chest pain by showing that
depressive symptoms partly mediate the association
between obesity and self-reported chest pain in pa-
tients with NOCAD.

Mechanistic Considerations

Previous studies have implicated coronary microvas-
cular disease (CMD) induced oxygen-supply demand
mismatch as a driver of chest pain in patients with
NOCAD.?%2° By releasing certain adipokines and in-
flammatory cytokines, adipocytes in those with obesity
inhibit endothelial-mediated vasodilatation of coronary
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Figure 3. Relationships between chest pain and obesity in sex and depression stratified groups.

Prevalence of self-reported chest pain (A) and mean angina frequency composite score (B) by obesity status in men vs women.
Prevalence of self-reported chest pain (C) and mean angina frequency composite score (D) by obesity status in individuals with
depression (PHQ9 score >4) vs individuals without depression (PHQ9 score <4). Overlying asterisks indicate significant post hoc
pairwise comparisons after Bonferroni correction (P<0.008). PHQ9 indicates Patient Health Questionnaire 9.

microvasculature, causing CMD.2° Bajaj et al. found an
inverse relationship between BMI and coronary flow
reserve after 30kg/m?, as measured by cardiac posi-
tron emission tomography.®' Thus, obesity-induced
CMD ischemia may partly explain the association
between obesity and self-reported chest pain we ob-
served. CMD might also explain the mediation and di-
rect effect of depressive symptoms on chest pain in
patients with NOCAD. In a study examining dizygotic
twins, Vaccarino et al. found reduced coronary flow
reserve in individuals with depression compared with
their twin with no depression.®? Previous literature has
attributed depression-induced alterations in vascular
function to neurohormonal modulation and changes in
the automatic nervous system.3?

Prior human and animal studies show that obesity
increases peripheral nociceptive processing and per-
ceived pain.®4* Rossi et al. demonstrated that mice
with diet-induced obesity had higher activation of their
trigeminal nerve to capsaicin than mice fed a regular
diet without obesity.3* Using electrodes to stimulate the
sural nerve in humans and electromyograms to mea-
sure the nociceptive biceps flexion reflex, Pradlier et al.
showed that participants with obesity had lower no-
ciceptive thresholds compared with participants without
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obesity.3® Thus, increased nociceptive processing in
patients with obesity may be an explanation for more
reported chest pain in this group. In addition, re-
duced nociception due to peripheral nerve damage
in older patients or those with diabetes may explain
the lower self-reported chest pain prevalence in these
subgroups.®6:27

Implications

Our findings connecting obesity to self-reported chest
pain in patients with NOCAD underscore established
indications of treating angina with exercise and diet,
which promote weight loss.®® Along with lifestyle
modifications, the advent of surgical procedures and
glucagon-like peptide-1 agonists have made weight
loss more achievable. Karason et al. showed improved
chest pain in obese patients undergoing bariatric sur-
gery compared with those who did not receive surgical
intervention.”” We have also replicated the connection
between depressive symptoms and chest pain and
shown partial mediation of the association between
obesity and self-reported chest pain through depres-
sive symptoms in patients with NOCAD, suggesting that
there may be a role for antidepressants or counseling
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in improving the quality of life in this subgroup.'®26:2
However, there is a paucity of evidence showing the
antianginal benefits of antidepressants. One systematic
review showed modest evidence of antidepressants re-
ducing noncardiac chest pain.®® Whether weight loss
or depression interventions improve chest pain, quality
of life, morbidity, mortality, and lower usage of health
care resources in patients with NOCAD and chest pain
remains to be studied and would be informative in man-
aging this group of patients.

Limitations/Future Directions

There are several limitations of this cross-sectional,
registry-based study. Although participants underwent
routine clinically indicated left heart catheterization at
the treating physician’s discretion, detailed indication
for catheterization was not collected in all patients.
Given this, among participants who have catheteriza-
tion indication data, almost all received catheteriza-
tion for suspected myocardial ischemia, so our cohort
may be more enriched for chest pain than the gen-
eral population of individuals with NOCAD. Routine
clinical exams evaluating angina in participants were
not done in this registry. So, we used the SAQ angina
frequency domain because it is a validated, reproduc-
ible measure of angina and has been used to meas-
ure angina in previous studies investigating individuals
with NOCAD."®-"" Consequently, we used self-reported
chest pain, as measured by the SAQ angina frequency
domain, as our primary measure and surrogate of an-
gina. However, angina is best discerned from other
types of chest pain through systematic interviews with
clinicians, which is challenging to do in large registries
similar to the one used in this study; hence, we may not
have fully captured the angina burden in our cohort.

We did not have other anthropometric measures of
adiposity in our registry besides BMI. Waist circumfer-
ence is a better measure of adiposity and correlates
better with cardiovascular disease risk factors than
BMIL4® Future studies investigating the associations
between chest pain and markers such as waist cir-
cumference, visceral fat assessment, and perivascular
fat are warranted in those with NOCAD.

We did not perform comprehensive coronary vas-
cular function testing for CMD measures or intravascu-
lar plague imaging in this cohort. Prior work indicates
that coronary endothelial dysfunction is present in at
least 50% of patients with NOCAD suspected of isch-
emia, which could underscore our findings.*! So, future
studies investigating how CMD mediates associations
found in our study would be illuminating. Although
medications were included in our analysis, medication
doses or granular data on depression therapy were not
collected, preventing us from fully measuring their ef-
fect on self-reported chest pain.
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Conclusions

Obesity is associated with self-reported chest pain
prevalence and frequency in patients with NOCAD,
wherein its association with self-reported chest pain
prevalence is independent of CVD risk factors, demo-
graphics, medications, depressive symptoms, and so-
cial determinants of health. The association between
obesity and self-reported chest pain is pronounced in
men and individuals without depression. More severe
depressive symptoms are independently associated
with self-reported chest pain prevalence and burden,
and depressive symptoms partially mediate the asso-
ciation between obesity and self-reported chest pain in
patients with NOCAD.
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