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ARTICLE INFO ABSTRACT

Keywords: Background: Obesity is a risk factor for coronary artery disease (CAD), but adiposity may mimic symptoms of
Obesity CAD and reduce the accuracy of diagnostic testing.

Chest pain Methods: Patients from the PROMISE trial (n = 8889) were classified according to body mass index (BMI). We
Angina

assessed relationships between BMI, physician's preference of functional test, test positivity, and results of in-
vasive coronary angiography (Cath) using logistic regression models.

Results: Nearly half (48%) of the patients had BMI = 30 kg/m?, and 20% had BMI = 35. Providers were more
likely to prefer nuclear myocardial perfusion imaging (MPI) over other functional tests as BMI increased. The
rate of test positivity with coronary computed tomographic angiography (CTA) was not different (10% vs. 12%)
in patients with BMI =35 vs. < 35. The same was true for stress echocardiogram and stress electrocardiogram
(positivity 8-13%, P > 0.8 for both). In contrast, MPI was significantly more likely to be positive in those with
BMI =35 vs. < 35 (18% vs. 13%; P = 0.001). The likelihood of obstructive CAD at Cath did not differ with BMI
>35vs. < 35 in patients having CTA (52% vs. 59%, P = 0.22), but among MPI patients, Cath positivity was only
29% with BMI = 35 vs. 48% with BMI < 35 (P = 0.005). Radiation exposure increased with higher BMI in both
MPI and CTA groups.

Conclusions: Increasing levels of obesity adversely affect the diagnostic yield of MPI more than CTA. The degree
of obesity should be considered when choosing evaluation strategies for patients with chest pain.

Clinical Trial Registration: PROMISE ClinicalTrials.gov number, NCT01174550

Coronary computed tomography angiography
Single photon emission computed tomography

for the development of coronary artery disease (CAD) and also has been
associated with accelerated progression of atherosclerosis.”” The

1. Introduction

The prevalence of obesity has increased dramatically over the past
few decades and continues to rise in some demographic groups.' The
most recent National Health and Nutrition Examination Survey data
from 2013 to 2014 show an overall age-adjusted obesity prevalence of
37.7% in the U.S. with 5.5% of men and 9.9% of women having class 3
obesity (body mass index [BMI] = 40 kg/m?).! Obesity is a risk factor

proatherogenic effects of adiposity are likely both direct (e.g., mediated
by adipocytokines) and indirect (e.g., mediated by comorbidities such
as diabetes, hypertension and dyslipidemia).® Although the true risk of
CAD may be increased in patients with obesity, they commonly have
symptoms that are suspicious for cardiac ischemia but are actually due
to noncardiac conditions such as deconditioning, obstructive sleep

Abbreviations: BMI, body mass index; CAD, coronary artery disease; CTA, computed tomographic angiography; D-F, Diamond-Forrester; MPI, myocardial perfusion
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apnea, and musculoskeletal problems. Thus, the evaluation of an obese
patient presenting with symptoms of chest discomfort or shortness of
breath can be quite challenging.

Expeditiously arriving at a correct ascertainment of cardiac vs.
noncardiac causes of chest pain is hampered by the fact that the ac-
curacy of noninvasive testing may be reduced in obese subjects. Low
exercise capacity, equipment limitations (e.g., weight limits on tables,
limited bore sizes on scanners), inability of patients to lay flat or per-
form breath holds, and impaired image quality can all contribute to
both false positive and false negative test results. Although individual
imaging modalities have been studied,”'® there are few if any pub-
lished data directly comparing the effectiveness of different evaluation
strategies in obese patients with possible cardiac ischemia. Further,
current guidelines for evaluation of stable ischemic heart disease do not
address the additional complexities surrounding the evaluation of pa-
tients with obesity.'* The purpose of this study was to assess the impact
of increasing levels of obesity on the choice of imaging strategy by the
treating physician and the subsequent diagnostic yield in terms of true
positive findings defined by invasive coronary angiography (Cath).

2. Methods
2.1. Study cohort and design

The PROMISE trial was a pragmatic, comparative effectiveness trial
that randomized stable symptomatic patients with suspected CAD to an
initial strategy of either anatomic testing with electrocardiogram
(ECG)-gated coronary computed tomographic angiography (CTA) or
stress testing.'>'® Local or central institutional review boards approved
the trial, and all patients provided written informed consent. For pa-
tients in the stress-testing arm, the choice of test was left up to the
treating clinician who prespecified the noninvasive test they would
prefer (exercise ECG, stress echocardiography or myocardial perfusion
imaging [MPI]) for each patient if randomized to that arm. Randomi-
zation was stratified by study site and by the stress test type pre-
specified by the provider. All tests were performed and interpreted by
local physicians according to national guideline standards.'® Site phy-
sicians were responsible for all subsequent clinical decisions including
the use of Cath. The main study results have been reported previously'®
and showed equivalence of clinical outcomes in the two randomized
arms. The current post hoc analysis includes those patients with height
and weight recorded who were tested as randomized and who had site-
reported interpretable results, defined as not missing and not in-
determinate (Fig. 1).

The pretest probability of obstructive CAD was estimated using the
Diamond-Forrester (D-F) model that was updated in 2011.'7 Patients
were categorized as being at low risk (< 30%), moderate risk
(30-70%), or high risk (> 70%) of having obstructive CAD. A positive
CTA was defined as =70% stenosis of an epicardial artery or =50% left
main stenosis as determined by the site investigators. An exercise ECG
was considered positive if there were ST segment changes consistent
with ischemia during stress or early termination (< 3 min) due to re-
production of symptoms, arrhythmia, and/or hypotension. Stress
echocardiography or MPI were considered positive if there was in-
ducible ischemia in at least one coronary territory (anterior, inferior, or
lateral), or early termination of exercise stress (< 3min) due to ST
changes consistent with ischemia, symptom reproduction, arrhythmia,
and/or hypotension. A positive Cath was defined as =50% stenosis in
the left main or =70% stenosis in at least one epicardial artery or side
branch of at least 2 mm diameter.

2.2. Statistical analyses
Patients’ weight status was classified according to World Health

Organization categories defined by BMI. Baseline patient characteristics
are reported as mean (SD) for continuous variables, and numbers and
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percentages for categorical variables. Characteristics were compared
across BMI categories using Wilcoxon rank sum test for continuous
variables and chi-square test for categorical variables. For purposes of
comparison using a clinically relevant dichotomous classification
scheme, patients with BMI =35kg/m? (World Health Organization
class 2 and 3 obesity) were compared to those with BMI < 35.

To determine whether the likelihood of a positive test differed by
category of obesity, we performed multivariable logistic regression
analyses with adjustment for patient age; sex; chest pain vs. other as
primary symptoms; chest pain characteristics (typical, atypical, non-
cardiac); and risk factors such as smoker (ever/never), diabetes, hy-
pertension, history of peripheral artery or cerebrovascular disease, se-
dentary lifestyle, depression, family history of premature CAD, and
dyslipidemia. Similar models were fit to assess the association between
BMI (as a continuous variable) and test positivity. We tested for a two-
way interaction between the category of obesity and the type of non-
invasive test that was used to determine whether the test modality itself
modified the relationship between the category of obesity and test
positivity.

Generalized linear mixed models with a logit link function were
used to assess the association between BMI and prespecified choice of
functional test (imaging vs. non-imaging). In addition to adjusting for
the variables listed above, these models included random intercepts for
sites. The nonlinear relationship between BMI and test selection was
modeled using piecewise linear splines with a single knot at BMI = 25.
Similar models were fit to assess the association between BMI and the
likelihood of the provider selecting MPI instead of stress echocardio-
graphy.

All statistical calculations were carried out using SAS version 9.4
(SAS Institute, Cary, North Carolina).

3. Results
3.1. Primary trial outcomes

In the PROMISE trial, a total of 10,003 patients were enrolled be-
tween 2010 and 2013. Over a median follow-up period of 25 months,
there was no significant difference in the composite endpoint of death,
myocardial infarction, unstable angina hospitalization, or major pro-
cedural complication between patients in the CTA vs. the functional
testing group overall or in any of the prespecified subgroup analyses."®
Of the 10,003 patients enrolled in the trial, 8889 underwent testing as
randomized, had interpretable test results, and had height and weight
recorded at baseline (Fig. 1). Data from these patients form the balance
of this report. Of these patients, 83% were categorized as overweight
(BMI = 25.0) or obese (BMI = 30), and 28%, 13%, and 7% had class 1
(BMI 30.0-34.9), class 2 (BMI 35.0-39.9), or class 3 obesity
(BMI = 40), respectively (Table 1). With increasing levels of adiposity,
there were fewer white patients and more black patients (Table 1).
More obese patients tended to be younger. The presence of several
major cardiovascular risk factors (hypertension, diabetes, and seden-
tary lifestyle) increased with higher levels of obesity. In contrast,
smoking was inversely related to the degree of adiposity. The highest
BMI categories had higher percentages of women.

Increasingly obese patients were less likely to have chest pain and
more likely to have dyspnea as their presenting symptom (Table 2).
Among those with chest pain, typicality of the pain, as assessed by the
treating physician, was not different across obesity categories. There
were significant differences in use of cardiac medications based on BMI
category, with the higher categories more likely to take an angiotensin-
converting enzyme inhibitor/angiotensin-receptor blocker and beta-
adrenergic blocking agents (Table 2). There were similar demographics
and risk factors based on randomization to anatomic (CTA) or func-
tional testing within both the high BMI (=35) and low BMI (< 35)
categories (Table 3).

Physicians strongly favored imaging tests, particularly MPI, with
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Fig. 1. Patient flow through the study. Bottom row shows the number and percentage of patients in each body mass index (BMI) category who underwent invasive
coronary angiography (Cath) and who were found to have obstructive coronary artery disease (CAD) at Cath.

higher BMI. For each unit increase in BMI above 25kg/m?, providers
were more likely to choose MPI over stress echocardiography (adjusted
odds ratio 1.06 per unit increase in BMI [95% CI 1.04-1.07];
p < 0.001).

We found that the predicted prevalence of obstructive CAD based on
D-F risk category was different based on BMI =35 kg/m? vs. < 35kg/
m? (Fig. 2). Specifically, compared to those with BMI < 35 kg/m?, the
D-F classification more commonly categorized patients with BMI
=35kg/m? as low risk (< 30% probability of obstructive CAD), less
often classified as medium risk (30-70% probability of obstructive
CAD), and similarly classified as high-risk (> 70% probability of ob-
structive CAD; Fig. 2).

The overall frequency of positive noninvasive test results was 13.1%
in patients with BMI =35 vs. 12.1% in patients with BMI < 35 (ad-
justed OR 1.16 [95% CI 0.98-1.37], p = 0.081). However, the like-
lihood of having a positive test result increased as BMI increased (ad-
justed OR 1.02 for every 1.0 unit increase in BMI [95% CI 1.00-1.03],
p < 0.007). The likelihood of a positive test result in the patients with
BMI =35 compared to those with BMI < 35 varied by testing modality
(interaction p = 0.003; Fig. 3). The rate of positivity with CTA was
slightly, but not significantly higher (10% vs. 12%, p = NS) in patients
with BMI =35 vs. < 35. The same appeared to be true for stress echo
and stress ECG (positivity rate of 8-13%, p > 0.8 for both), although
these latter comparisons were underpowered due to low numbers of
patients undergoing these tests. In contrast, MPI was significantly more
likely to be positive in those with BMI =35 vs. < 35 (18% vs. 13%j;
p = 0.001; adjusted odds ratio 1.61 [95% CI: 1.27-2.05]).

Subsequent to noninvasive testing, approximately 10% of patients
in the overall study underwent Cath (Table 1, Figs. 1, Figure 4). The
overall frequency of Cath was not different in those with BMI =35
vs. < 35 (10.0% vs. 9.9%). A smaller percentage of patients with po-
sitive MPI studies (defined as inducible perfusion defect in at least one
coronary territory) underwent subsequent Cath compared to those with
positive CTA (47% vs. 66%, p < 0.001). The “yield” of Cath was de-
fined as the number of Caths showing obstructive CAD/number of Caths
performed. In the overall population, the yield was 50-55% in all BMI
strata except for class 3 obesity in which the yield was 29% (Table 1).
The yield for patients undergoing CTA as the initial test did not differ
based on a BMI cutoff of 35; specifically, the yield was 51.7% in those
with BMI =35 vs. 58.8% for those with BMI below this value
(p = 0.22). In contrast, the yields in patients undergoing MPI were
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quite different: 29.5% vs. 47.8% for those with BMI =35 and < 35,
respectively (p = 0.005). The numbers of patients with class 2 and 3
obesity undergoing exercise electrocardiography without imaging or
stress echocardiography were small (Fig. 4), and the subsets of these
patients who had Cath were too few to confidently assess differences in
yield between BMI groups. Nonetheless, the trends suggest that yields
were similar for both exercise electrocardiography and stress echo-
cardiography in patients with BMI =35 and < 35. Importantly, since
randomization was stratified by the prespecified test, the assignment to
either MPI or CTA cohort was randomized and not a post hoc grouping,
making the comparisons more valid.

Cumulative radiation exposure (90-day) increased with BMI in both
CTA and MPI subgroups with mean radiation exposure being compar-
able in the highest BMI group (15.1 and 16.5mSv, respectively;
Table 4). As expected, those undergoing stress echo had much lower
radiation exposure.

4. Discussion

In the PROMISE study population of stable symptomatic outpatients
being evaluated for suspected CAD, obesity was present in approxi-
mately half of the patients, and increasing levels of obesity were asso-
ciated with different patient demographics, risk factors, and stronger
physician preference for MPI over other noninvasive functional tests. In
patients undergoing MPI, higher levels of obesity (i.e., BMI = 35kg/
m?) were associated with a higher rate of positive results, and a lower
yield for obstructive CAD in those referred to Cath. In contrast, in pa-
tients receiving CTA as their initial test, neither test positivity rates nor
Cath yield varied by BMI

Obesity is endemic in the United States, and the prevalence has
shown continued increases in recent years." Similar situations exist in
most developed and developing countries around the world. Evaluation
of obese patients with chest pain can be extremely challenging because
adiposity simultaneously increases the risk of developing ischemic
heart disease, mimics the symptoms of CAD even in its absence, and
may reduce the reliability of commonly used tests to noninvasively
diagnose CAD. Despite the strong need for guidance on how to evaluate
and manage such patients, current guidelines are largely silent on the
topic of obesity as a confounding condition.'® This may be due to a
current paucity of randomized trial data that address the issue of op-
timizing testing strategies in obese subjects with suspected CAD.
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Table 3
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Patient Characteristics Based on Anatomic or Functional Arm and by BMI Cut Point of 35 kg/m.2.

Not Severely Obese (N = 7113)

Severely Obese (N = 1776)

Anatomic (N = 3589) Functional (N = 3524) P-value Anatomic (N = 872) Functional (N = 904) P-value
Age (years) 61.6 (8.52) 60.9 (8.30) < 0.001 59.1 (7.09) 58.8 (7.38) 0.272
Female Sex 1810/3589 (50.4%) 1846/3524 (52.4%) 0.100 501/872 (57.5%) 521/904 (57.6%) 0.939
Race 0.010 0.662
Multi-Racial 45/3562 (1.3%) 26/3495 (0.7%) 10/860 (1.2%) 4/897 (0.4%)
White 3006/3562 (84.4%) 3014/3495 (86.2%) 708/860 (82.3%) 741/897 (82.6%)
Black 348/3562 (9.8%) 334/3495 (9.6%) 130/860 (15.1%) 136/897 (15.2%)
Asian 126/3562 (3.5%) 87/3495 (2.5%) 3/860 (0.3%) 4/897 (0.4%)
Cardiac Risk Factors
Hypertension 2172/3589 (60.5%) 2166/3524 (61.5%) 0.413 694/872 (79.6%) 727/904 (80.4%) 0.661
Diabetes 601/3589 (16.7%) 620/3524 (17.6%) 0.343 320/872 (36.7%) 343/904 (37.9%) 0.588
Dyslipidemia 2430/3589 (67.7%) 2395/3524 (68.0%) 0.817 574/872 (65.8%) 618/904 (68.4%) 0.255
Smoker (ever/never) 1844/3588 (51.4%) 1852/3524 (52.6%) 0.327 423/872 (48.5%) 424/904 (46.9%) 0.498
Sedentary Lifestyle 1620/3583 (45.2%) 1568/3518 (44.6%) 0.586 540/872 (61.9%) 573/904 (63.4%) 0.525
Risk Score
ASCVD (2013) 0.013 0.241
Mean (SD) 14.9 (11.93) 14.3 (11.34) 14.8 (11.73) 14.3 (11.58)
Primary Presenting Symptom 0.156 0.164
Chest Pain 2671/3586 (74.5%) 2556/3523 (72.6%) 619/872 (71.0%) 617/902 (68.4%)
Dyspnea 489/3586 (13.6%) 529/3523 (15.0%) 142/872 (16.3%) 178/902 (19.7%)
Data are shown as mean (SD) or n/N (%).
BMI < 35 Positive Tests by Modali
TR Yoy
Il BMI>=35
60 . . 25 T T T
b Adjusted OR 086 1.61 1.04 092
o 95% CI (0.67-1.10) (1.27-2.05) (0.55-1.96) (0.39-:2.17)
4 * 20 p.<0.001
s 50 o [
'8 >
- b1
c g 15 pE0ze p.=.0.847
[-] L — @20 PEN - ;l-_' .
E £ r1
S8
10 | ey [ ... P.=0.905..
[=] 2 4
=% 30 .. . i
Qo
]
@ =< 5
(2]
£T
p 20L] .. ... |
el
c 0
K MPI Stress Echo Exercise ECG
-’
g 10 | Fig. 3. Test positivity rates by testing modality with BMI cut point of
'06 35kg/m>. Test positivity rates were similar for BMI < 35 vs. = 35 for all
58 testing modalities except myocardial perfusion imaging (MPI) where the per-
0 1 centage of positive tests was significantly higher in those with BMI = 35. The
Low Medium High adjusted odds ratio for a positive test in this subgroup was 1.61 vs. those with
Risk Risk Risk

Fig. 2. Updated Diamond-Forrester risk category for likelihood of ob-
structive CAD in low ( < 30%), medium (30-70%), and high ( > 70%) risk
categories based on BMI cut point of 35kg/m?. Probability of obstructive
CAD (low, medium, high) based on BMI cut point of 35. The pretest probability
of obstructive CAD was calculated using the updated Diamond-Forrester model.
Low probability was defined as < 30%, medium probability as 30-70%, and
high probability defined as > 70%. The distribution of patients with low and
medium probability of obstructive CAD was different in the patients with class
2 and 3 obesity compared to those with < class 1 obesity. *p < 0.05BMI =35
vs. < 35 kg/m>

about results of diagnostic angiography>** as distinct from diagnostic

test accuracy. Second, BMI is an imperfect measure of adiposity, but is
readily available in most electronic health records, large population
databases, and clinical trials. This parameter is easily measured, re-
producible, and has been widely studied as a measure of adiposity. For
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BMI < 35. The adjusted odds ratios for other testing modalities were not sig-
nificant. CTA indicates coronary computed tomographic angiography; Echo,
echocardiography; ECG, electrocardiogram.

example, this metric was used in a recent meta-analysis examining BMI
and all-cause mortality in over 10 million subjects worldwide.?® Use of
BMI facilitates comparison with many other studies. While BMI mis-
classifies some patients in comparison to more direct measures of body
fat, classification is accurate in the large majority of patients and in
many large studies performs as well as waist circumference as a pre-
dictor of events or mortality.”” Third, by design, all tests were per-
formed with locally available hardware and software imaging platforms
and interpreted by the site investigators. To reduce variability, each site
underwent a certification and continuous quality assessment process for
each testing modality and followed national recommendations for
image acquisition and interpretation.'> Nonetheless, one would an-
ticipate that variations in local equipment (e.g. use of attenuation
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Fig. 4. Yield at invasive coronary angiography (Cath) based on testing
modality and BMI cut point of 35 kg/m?. The yield at invasive angiography
(number of positive Caths/total number of Caths) was not different in those
with BMI < 35 vs. = 35 for all testing modalities except MPI, where the yield
was significantly lower in those with BMI =35. The numbers for stress echo-
cardiography and exercise ECG are low, and conclusions regarding yield in
these groups are uncertain.

correction for MPI studies) and expertise could have affected the final
results shown in this paper. Positron emission tomography was used
infrequently in this study, but has potential advantages in assessment of
obese patients. Although the strategy of local test interpretation in-
troduces an additional source of variability, it allows for a more realistic
assessment of how each test performs in a “real-world” clinical setting.
Fourth, the use of fractional flow reserve measurements is considered
the gold standard for assessment of lesion severity. At the time this
study was done, most sites in the USA did not routinely perform frac-
tional flow reserve measurements. Fifth, the definition(s) of test

Journal of Cardiovascular Computed Tomography 13 (2019) 211-218

positivity may have affected the results of the study. Sixth, there were
not specific cutoffs used to define the size or severity of reversible
perfusion defects, wall motion abnormalities, or ST segment changes on
the electrocardiogram.'® Thus, the primary outcomes do not clearly
distinguish between those with higher and lower risk features on non-
invasive testing. Lastly, it is increasingly recognized that non-
obstructive, milder degrees of atherosclerosis are also associated with
risk of events, and this was not accounted for in the current analysis.*®

4.3. Conclusions

Obesity is associated with provider decision-making with regard to
noninvasive test choice, probability of abnormal test results, and
probability of finding obstructive disease at Cath following a positive
noninvasive test. Future guidelines should incorporate information on
obesity as a determinant of evaluation strategies. More research directly
comparing different approaches in subjects with obesity seems war-
ranted.
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Table 4
90-Day cumulative radiation exposure by BMI category.
Underweight BMI Normal Overweight Obese 1 Obese 2 Obese 3 P-value
<18.5N =56 18.5-24.9N = 145 25.0-29.9N = 3135 30.0-34.9N = 2463 35.0-39.9N = 1170 =40N = 606
Anatomical 0.000
N 26 707 1627 1229 581 291
Median (25th, 8.0 (4.8, 10.7) 8.3 (4.4, 15.3) 9.4 (5.5, 16.9) 11.9 (7.0, 17.9) 11.5 (7.6, 18.5) 13.7 (7.9, 20.7)
75th)
Mean (SD) 8.7 (5.7) 10.2 (7.5) 11.7 (8.1) 13.4 (8.3) 13.8 (8.8) 15.1 (8.6)
Functional 0.000
(overall)
N 30 752 1508 1234 589 315
Median (25th, 9.2 (0.0, 11.9) 11.1 (0.0, 13.2) 11.3 (0.0, 13.2) 11.7 (0.0, 14.4) 12.2 (0.0, 15.7) 12.9 (10.3, 17.8)
75th)
Mean (SD) 9.2 (9.2) 9.9 (9.1) 10.0 (8.8) 11.2 (8.8) 11.6 (8.9) 13.5(8.7)
Functional MPI 0.000
N 18 478 974 891 427 252
Median (25th, 11.5 (10.5, 20.8) 12.5 (11.2, 15.6) 12.7 (11.3, 15.0) 12.9 (11.4, 16.7) 13.0 (11.6, 18.0) 13.8 (12.1, 9.6)
75th)
Mean (SD) 14.8 (7.6) 14.9 (7.2) 14.9 (7.6) 15.1 (6.8) 15.6 (6.6) 16.5 (6.6)
Functional 0.242
Stress Echo
N 7 195 362 231 116 49
Median (25th, 0.0 (0.0, 0.0) 0.0 (0.0, 0.0) 0.0 (0.0, 0.0) 0.0 (0.0, 0.0) 0.0 (0.0, 0.0) 0.0 (0.0, 0.0)
75th)
Mean (SD) 1.3 (3.5) 0.8 (3.0) 0.9 (2.9) 0.5 (2.3) 0.7 (4.0) 1.85 (5.6)
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