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Abstract

Objectives—To test the relationship between increasing severity of obesity, calculated risk and 

observed outcomes.

Methods—Patients with symptoms suggestive of coronary artery disease (CAaD) (n=10 003) 

were stratified according to body mass index (BMI). We compared risk factors, pooled risk scores 

and physicians’ perception of risk. Cox regression tested the association between BMI and (1) 

presence of obstructive CAD and (2) composite clinical endpoints (death, cardiovascular death, 

unstable angina hospitalisation and myocardial infarction).

Correspondence to Dr Sheldon E Litwin, Department of Internal Medicine, Medical University of South Carolina, Charleston, South 
Carolina, USA; litwins@musc.edu.
Contributors SEL: conception, design, writing of manuscript and final approval. AC: statistical analysis, design, critical revision and 
final approval. NP, KLL, PAP, DBM, JEU, LC, J-CT and UH: drafting of manuscript, critical revision and final approval. PSD: 
conception, design, drafting of manuscript, critical revision and final approval.

Competing interests The other authors report no potential conflicts of interest.

Patient consent for publication Not required.

Provenance and peer review Not commissioned; externally peer reviewed.

Data availability statement Data are available in a public, open access repository.

Additional material is published online only. To view please visit the journal online (http://dx.doi.org/10.1136/heartjnl-2018-314503).

HHS Public Access
Author manuscript
Heart. Author manuscript; available in PMC 2021 August 07.

Published in final edited form as:
Heart. 2020 February ; 106(4): 273–279. doi:10.1136/heartjnl-2018-314503.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Results—BMI was ≥30 kg/m2 in 48% of patients and ≥35 in 20%. Increasingly obese patients 

were younger, female and non-smoking but with higher prevalence of hypertension, diabetes, 

black race and sedentary lifestyle. Pooled risk estimates of CAD were highest in those with mid-

range BMI. In contrast, physicians’ estimation of the likelihood of significant CAD based on 

clinical impression increased progressively with BMI. For a 10% increase in the Diamond-

Forrester probability of CAD, the adjusted OR for obstructive CAD was 1.5 (95% CI 1.4 to 1.5) in 

patients with BMI <35, but only 1.2 (95% CI 1.1 to 1.3) in those with BMI ≥35 (interaction 

p<0.001). Framingham Risk Score increased across increasing BMI categories. However, there 

was a strong and consistent inverse relationship between degree of obesity and all three composite 

clinical endpoints over a median 25 months of follow-up.

Conclusions—Despite perceptions of higher risk and higher risk scores, increasingly obese 

patients had obstructive CAD less frequently than predicted and had fewer adverse clinical 

outcomes. There is a need for risk assessment tools and guidelines that account for obesity.

Trial registration number—NCT01174550.

INTRODUCTION

Commonly used clinical risk prediction tools substantially overestimate the true prevalence 

of obstructive coronary artery disease (CAD) and the risk of adverse cardiovascular (CV) 

events in contemporary patients.12 One potential explanation for such discrepancies is that 

patient characteristics and medical treatments are different than those in the populations that 

were used to develop the pooled risk prediction tools. One of the most dramatic changes in 

patient characteristics is the steep increase in the prevalence of obesity in the past three 

decades.3 During this time period, the overall age-adjusted prevalence of obesity in the USA 

has doubled, and in 2016, it was reported to be 37.7%, with 5.5% of men and 9.9% of 

women having WHO class 3 obesity (body mass index (BMI) ≥40 kg/m2).3

Obesity is a risk factor for the development of CAD and may also increase the rate of 

disease progression.4–9 However, the assessment of suspected CAD in patients with obesity 

is complicated by the fact that those symptoms that are suspicious for cardiac ischaemia may 

also be attributable to obesity-associated non-cardiac conditions such as deconditioning, 

obstructive sleep apnoea and musculoskeletal problems. Additionally, the severity of the 

symptoms may increase in proportion to the degree of obesity. Thus, treating clinicians may 

have a higher degree of concern for cardiac ischaemia as the severity of obesity increases. 

None of the commonly used scoring systems for predicting the likelihood of obstructive 

CAD or risk of CV events account for the presence or the extent of obesity in the patients 

being assessed.10 Notably, the original Framingham cohort and the offspring cohort had a 

prevalence of obesity of ~16% and overweight was ~33%. This is less than half the 

prevalence currently seen in US adults. Furthermore, current guidelines for evaluation of 

stable ischaemic heart disease do not address the additional complexities surrounding the 

evaluation of obese patients.11–13

Clinical decision making could be enhanced if there were data available from prospective 

controlled studies that shed light on topics related to obesity, presence of CAD and risk of 

events. The Prospective Multicenter Imaging Study for Evaluation of Chest Pain 

Litwin et al. Page 2

Heart. Author manuscript; available in PMC 2021 August 07.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

https://clinicaltrials.gov/ct2/show/NCT01174550


(PROMISE) trial evaluated a large population of patients with suspected CAD, 

approximately half of whom were obese. We used this modern, well-characterised 

population to determine the association of obesity with risk factor burden, symptoms, risk 

scores and the actual observed prevalence of obstructive CAD and subsequent adverse 

cardiac events.

METHODS

Study cohort and design

The PROMISE trial was a pragmatic comparative effectiveness trial that randomised stable, 

symptomatic patients without known CAD to either an initial strategy of anatomic testing 

with ECG-gated coronary computed tomographic angiography (CTA) or stress testing.1415 

All study procedures were approved by appropriate local or central institutional review 

boards, and all participants provided written informed consent. For patients in the stress-

testing arm, the choice of test was left up to the treating clinician (exercise ECG, stress 

echocardiography or nuclear myocardial perfusion imaging). Randomisation was stratified 

by study site and by the stress test type prespecified by the provider. All tests were 

performed and interpreted by local physicians who were responsible for all subsequent 

clinical decisions including the use of invasive coronary angiography (Cath). Obstructive 

CAD was defined as ≥50% stenosis in the left main coronary artery or ≥70% in any major 

vessel as determined by CTA or Cath. The study results have been reported previously15 and 

showed equivalence of clinical outcomes in the two randomised arms after a median of 25 

months of follow-up. The updated Diamond-Forrester clinical prediction rule was used to 

determine the pretest probability of obstructive CAD.2 This updated classification system 

still uses only three components: age, gender and characterisation of chest pain. However, 

the predictive value of each component was re-evaluated, and the overall model was 

recalibrated in 2011. The Framingham Risk Score, which gives an estimate of 10-year risk 

of cardiac events, was calculated for all patients at study entry.16 This widely used risk score 

incorporates traditional coronary risk factors but does not take into account the presence or 

severity of obesity. We evaluated three composite clinical endpoints: (1) death/myocardial 

infarction (MI)/unstable angina hospitalisation (UAH), (2) CV death/MI/UAH or (3) CV 

death/MI. The study conformed to the Declaration of Helsinki.

Statistical analyses

Patients were categorised according to WHO guidelines based on BMI. Baseline patient 

characteristics and calculated risk scores are reported as mean (SD) for continuous variables 

and percentages for categorical variables. Characteristics and risk scores were compared 

across BMI categories using Kruskal-Wallis test for continuous variables and χ2 test for 

categorical variables. Logistic regression models were used to investigate the association 

between Diamond-Forrester probability of obstructive CAD and CAD assessed by Cath or 

CTA. If a patient received CTA as his or her initial non-invasive test and subsequently 

received Cath, then only the Cath results were used to assess CAD. ORs and 95% CIs were 

reported with respect to a 10% increase in Diamond-Forrester risk prediction. In separate 

logistic regression models, we used a two-way interaction to assess whether BMI categories 

(≥35 vs <35) modified the relationship between Diamond-Forrester and CAD. Prediction of 

Litwin et al. Page 3

Heart. Author manuscript; available in PMC 2021 August 07.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



CAD by Diamond-Forrester score was assessed by c-statistics by BMI category (≥35 vs 

<35). Models for CAD were adjusted for chest pain as the primary symptom, smoking (ever/

never), diabetes, hypertension, history of peripheral artery or cerebrovascular disease, 

sedentary lifestyle, depression, family history of premature CAD and dyslipidaemia. After 

testing for the proportional hazard assumption, Cox regression models assessed the 

association between BMI, continuous and categorical (≥35 vs <35), and the three composite 

clinical endpoints. Fine-Gray models were calculated to account for the competing risk of 

non-CVD death for the relevant composite endpoints. In separate models, we used a two-

way interaction to assess whether the initial non-invasive test modality modified the 

relationship between BMI and outcomes. Models for outcomes adjusted for the same 

variables as above plus age and sex. All statistical calculations were carried out using SAS 

V.9.4.

RESULTS

In the PROMISE trial, a total of 10 003 patients were enrolled between 2010 and 2013. 

figure 1 shows the flow of patients through the study. There were 8889 patients who were 

tested as randomised, had interpretable test results and had BMI data available. All analyses 

in this paper refer to this subgroup of subjects. Among these, 7378 (83%) were categorised 

as overweight or obese, and 28%, 13% and 7% had class 1, 2 or 3 obesity, respectively (table 

1). With increasing levels of adiposity as defined by BMI, there were fewer white patients 

and more black patients (table 1). More obese patients tended to be younger; the mean age 

difference between the normal weight group and those with class 3 obesity was 4.2 years. 

There were differences in the distribution of men and women across BMI categories, with 

higher percentages of female patients in the underweight, normal weight and most obese 

categories but fewer in the overweight and mildly obese groups. The presence of several 

major CV risk factors (hypertension, diabetes and sedentary lifestyle) increased linearly with 

higher levels of obesity, and the presence of metabolic syndrome was even more strongly 

related to BMI. In contrast, smoking was inversely related to BMI.

Increasingly obese patients were less likely to have chest pain and more likely to have 

dyspnoea as their presenting symptom (table 1). However, among those with chest pain, its 

typicality as assessed by the treating physician was not different across obesity categories. 

Significant differences were found in use of cardiac medications based on BMI category, 

with those in the higher categories more likely to take angiotensin-converting enzyme 

inhibitors/angiotensin receptor blockers and beta-blockers (table 1).

A high pretest likelihood of obstructive CAD (>70%) based on the updated Diamond-

Forrester predictive model2 showed an inverted U-shaped relationship with BMI. The 

highest and lowest BMI categories had fewer high-risk patients than mid-range BMI (table 

2, figure 2). Those with class 2 or 3 obesity had updated Diamond-Forrester pretest 

probabilities that were comparable with the normal weight group. In contrast, the treating 

physicians’ estimation of a high likelihood of significant CAD (71%–90% probability) 

increased progressively with BMI (figure 2). The actual prevalence of obstructive CAD was 

determined in all patients undergoing CTA and in those who had Cath following the non-

invasive testing (table 2). The observed prevalence of obstructive CAD by CTA or Cath was 
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14.6% in those with BMI <35% and 12.0% in those with BMI ≥35 (p=0.04). The two-way 

interaction between the updated Diamond-Forrester probability and BMI category (<35 vs 

≥35) suggested that BMI modified the association between Diamond-Forrester predictions 

and the actual presence of obstructive CAD (p<0.001; figure 3). For a 10-point increase in 

the updated Diamond-Forrester probability of obstructive CAD, the odds of obstructive 

CAD by CTA or Cath increased more in those with BMI<35 (adjusted OR 1.45, 95% CI 

1.38 to 1.52) compared with those with BMI≥35 (adjusted OR 1.19, 95% CI 1.07 to 1.32) 

(figure 3). The c-statistic for predicting CAD with the Diamond-Forrester risk score was 

0.71 (95% CI 0.69 to 0.73) for the BMI ≤35 group and 0.66 (95% CI 0.61 to 0.71) for the 

BMI >35 group.

A high Framingham risk, defined as >20% predicted risk of CV events over 10 years, was 

increasingly prevalent as BMI increased (figure 4A). In contrast, we observed a strong and 

consistent inverse relationship between measures of obesity and all three composite clinical 

endpoints over a median 25 months of follow-up in adjusted and unadjusted models (table 3, 

figure 4B). Sensitivity analysis adjusting only for the Diamond-Forrester score produced 

similar results (online supplementary table 1). Competing risk models were created for the 

relevant outcomes, and we found no meaningful or significant changes in the HRs or their 

CIs (online supplementary table 2). For every 1-unit increase in BMI, the risk of CV 

death/MI/UAH decreased (adjusted HR 0.96, 95% CI 0.94 to 0.99; p=0.005). For patients 

with BMI≥35 (n=1776), the risk of CV death/MI/UAH was lower compared with patients 

with BMI <35 (adjusted HR 0.62, 95% CI 0.41 to 0.91, p=0.016). For patients with BMI 

≥40 (n=606), the risk of CV death/MI/UAH was lower compared with patients with BMI 

<40 (adjusted HR 0.45, CI 0.22 to 0.92, p=0.03). The testing modality that was used 

(anatomic vs functional) did not modify the association between BMI and any of the three 

composite endpoints (all interaction p=NS).

DISCUSSION

Obesity was present in approximately half of the patients in the PROMISE trial, which 

enrolled a broadly representative sample of patients in North America being evaluated for 

possible CAD. Across the spectrum of BMIs, we observed significant differences in both 

favourable and unfavourable demographic features and individual CV risk factors. There 

was an inverted U-shaped relationship between BMI category and high pretest probability of 

obstructive CAD based on pooled risk scores. In contrast, physicians thought that a high 

probability of obstructive CAD increased uniformly with increasing BMI. The actual 

prevalence of CAD observed at Cath or CTA was slightly lower in those with BMI ≥35 

(12.0%) compared with those with lower BMI (14.6%). Although Framingham Risk Score 

increased with increasing BMI, the actual clinical events over 25 months of follow-up 

decreased with increasing BMI.

Despite the growing number of patients in the highest obesity categories,317 current 

guidelines related to evaluation of chest pain are largely silent on the topic of obesity as a 

confounding condition.11 In part, this is due to a paucity of randomised trial data that would 

provide the evidence base needed to correctly address the issues of risk assessment and 

optimal testing strategies. Unlike many published trials that excluded patients with severe 
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obesity, the PROMISE trial did not have a BMI cut-off and hence included large numbers of 

patients with class 2 and 3 obesity. We found a relatively complex constellation of 

competing risk factors across the BMI categories. Patients with BMI ≥35 kg/m2 were more 

likely to have adverse CV risk factors of hypertension, diabetes, sedentary lifestyle and 

black race. Accordingly, there was a much higher prevalence of metabolic syndrome as BMI 

increased (table 1). However, the patients with class 2 or 3 obesity tended to have protective 

factors because they were younger, more likely to be non-smokers and more likely to be 

female. Age and gender are dominant risk factors for CAD, and hence, differences in these 

characteristics between groups may have relatively large effects on outcomes. Obese patients 

were more likely to have dyspnoea as their presenting symptom, one that may be less 

specific for CAD. Of note, in those patients who had chest pain as the presenting symptom 

(the vast majority), the typicality of the pain was not different across BMI categories.

Treating physicians tended to believe that more obese patients had a higher pretest 

probability of obstructive CAD. In comparison, the predictive model suggested a decrease in 

the probability of obstructive CAD with BMI ≥35. The reasons for the discordance in 

perceived and calculated risk are not clear. Clinicians usually consider a broader array of 

patient characteristics than those included in pooled risk scores. In fact, the observed 

prevalence of obstructive CAD was slightly lower in those with BMI ≥35. This does not 

indicate that CAD is less prevalent in patients with obesity. Rather, these findings suggest 

that treating clinicians either: (1) tend to overestimate the probability of CAD in more obese 

subjects or (2) are uncomfortable in excluding CAD on the basis of routine clinical 

assessment tools. Application of the Diamond-Forrester score (or other scores) might have 

been a useful supplement to clinical impressions. However, even this quantitative scoring 

approach appeared to be less powerful in the most obese patients wherein the same 10-point 

increase in the predicted probability of CAD was associated with a significantly lower OR of 

actually finding obstructive CAD (figure 3). Since the Diamond-Forrester score is based 

only on gender, age and symptoms as predictive variables, this finding may suggest that the 

assessment of symptoms is less informative in increasingly obese patients.

We observed an even more striking dissociation between clinical events predicted by the 

Framingham Risk Score and the observed clinical outcomes, using any of three different, 

adjudicated, composite endpoints. While the percentage of patients considered to be at high 

risk by Framingham criteria (predicted event rate >20%/10 years) increased across BMI 

categories, the observed clinical event rates consistently decreased, with HRs approaching 

0.5 in the most obese patients. While the absolute event rates were low overall, the data 

indicated that not all severely obese patients are at high risk.

Higher BMIs have been associated with more favourable outcomes in patients with heart 

failure,18 known ischaemic heart disease1920 and suspected CAD.9 These counterintuitive 

associations, which have been referred to as the ‘obesity paradox’, may be due to many 

factors, including earlier presentation, more aggressive treatment of risk factors in patients 

with obesity and unmeasured confounders. Although we attempted to statistically control for 

as many of these factors as possible, we recognise that residual confounding by unmeasured 

variables is still likely to be present in a study such as PROMISE.2122 Some authors have 

suggested that younger ages in obese patients explain all or part of the apparent protective 

Litwin et al. Page 6

Heart. Author manuscript; available in PMC 2021 August 07.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



effects of obesity in patients with CV disease.212324 While our data confirm that more obese 

patients were younger, the mean age difference between the normal weight group and those 

with class 3 obesity was 4.2 years, making it unlikely that age alone explains the lower event 

rates in the more obese patients.

Our study has several limitations. The presence of risk factors was ascertained by history, 

rather than direct measurements. We did not have direct measures of overall or regional 

adiposity such as percentage body fat or waist circumference. The former is difficult to 

obtain and not feasible in a large trial such as this; the latter has theoretical advantages over 

BMI as a means of classifying obesity, but there are challenges in measuring waist 

circumference accurately, and current classification schemes for defining abdominal obesity 

are dichotomous rather than graded. BMI is readily available in most electronic health 

records, large population databases and clinical trials and has a universal definition with 

well-established categories. This parameter is easily measured and reproducible and has 

been widely studied as a measure of adiposity.25 Although BMI misclassifies some patients 

with respect to presence or severity of obesity, it is accurate in the large majority of patients, 

and in many large studies performs as well as waist circumference as a predictor of events or 

mortality.26 All of the diagnostic studies were interpreted locally at the site of patient 

enrolment. There are potentially important differences between site and core lab 

interpretations of imaging studies.27 The lack of core laboratory verification of test results in 

this analysis has implications for the assessment of accuracy of the different testing 

modalities but does not affect the relationship between BMI and clinical outcomes. By study 

design, only those receiving CTA or those who went on to invasive angiography (~10% of 

the total population) had documentation of obstructive CAD. Although the power of the 

study for endpoints related to the presence of obstructive CAD is lower than would be 

possible if all of the patients had undergone an anatomic study, the number of patients with 

an anatomic assessment is still quite large. The number of clinical events was relatively low 

overall (table 3), and even smaller in each BMI category. While this reduces the power of 

statistically detecting differences in event rates between the groups, the downward direction 

of the trends in event rates across rising BMI categories is in the opposite direction of the 

predicted risks. We do not have measurements of epicardial fat to determine the potential 

relationship with CAD or outcomes.

CONCLUSIONS

Obesity is very common in contemporary populations undergoing CAD evaluation and 

higher degrees of obesity are associated with substantial differences in risk factor burden, 

symptoms and pretest risk assessment. Discordances exist between physician assessment of 

risk, pooled risk scores and actual event rates that are more pronounced as BMI rises. These 

data highlight the challenges that providers face when evaluating and managing an 

increasingly obese patient population and support the need for more specific guidelines that 

incorporate anthropomorphic measures.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Key messages

What is already known on this subject?

• Obesity is thought to be a risk factor for premature and accelerated 

progression of coronary artery disease (CAD). However, the association 

between obesity and clinical outcomes is less clear. The presence or severity 

of obesity is not included in the commonly used risk scores for the presence 

of CAD (Diamond-Forrester score) or the risk of cardiovascular events 

(Framingham Risk Score).

What might this study add?

• This large, prospective study gives insight into the perspectives and testing 

patterns of practising physicians. In 10 003 patients presenting with chest 

pain, we found complex patterns of risk factors that varied across the 

spectrum of body mass index (BMIs). Treating physicians predicted a higher 

probability of obstructive CAD in those with more severe obesity, while the 

Diamond-Forrester score had an inverted U shape. Actual rates of CAD were 

lower than expected with BMI >35. Framingham Risk Score increased across 

BMI categories, while adverse event rates went down with increasing BMI.

How might this impact on clinical practice?

• These findings highlight the need for risk assessment tools and guidelines that 

account for presence and severity of obesity.
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Figure 1. 
CONSORT diagram. BMI, body mass index; CONSORT, Consolidated Standards of 

Reporting Trials.
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Figure 2. 
Pooled risk models versus physician assessment of probability of obstructive coronary artery 

disease (CAD). Percentage of patients in each body mass index category who were classified 

as being at high risk of having obstructive CAD by the treating physician or by the updated 

Diamond-Forrester prediction model.
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Figure 3. 
Obesity and the observed frequency of obstructive coronary artery disease (CAD). OR 

(shown on X-axis) of having obstructive CAD for a 10-point increase in the updated 

Diamond-Forrester score in the patients with body mass index (BMI) <35 or ≥35 kg/m2 

(models for CAD were adjusted for chest pain as the primary symptom, smoking [ever/

never], diabetes, hypertension, history of peripheral artery or cerebrovascular disease, 

sedentary lifestyle, depression, family history of premature CAD and dyslipidaemia). The 

interaction term between BMI ≥35 and the updated Diamond-Forrester pretest probability 

was significant at p<0.001, indicating that the more obese patients had less frequent 

prevalence of obstructive CAD than predicted by the risk tool.
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Figure 4. 
Pooled risk score for clinical events versus observed clinical outcomes. (A) Percentage of 

patients classified as high risk with Framingham score (>20% predicted 10-year event rate) 

by WHO body mass index (BMI) obesity categories. (B) Composite clinical outcomes by 

BMI category: death/myocardial infarction (MI)/unstable angina hospitalisation (UAH); 

cardiovascular (CV) death/MI/UAH; CV death/MI. Bottom two graphs are adjusted for risk 

of competing events (non-cardiac death).
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