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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).
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Results—BMI was =30 kg/m? 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 20186, 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) 240 kg/m?).3

Obesity is a risk factor for the development of CAD and may also increase the rate of
disease progression.*=2 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.19 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
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(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.

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 250% 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 previously!® 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 XZ 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% ClIs 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) maodified the relationship between Diamond-Forrester and CAD. Prediction of

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



1duosnuen Joyiny 1duosnuey Joyiny 1duosnue Joyiny

1duosnuen Joyiny

Litwin et al.

RESULTS

Page 4

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.

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 model? 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
Cls (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, C1 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/m? 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.? 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
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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.2> 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.28 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.2” 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.
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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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or uninterpretable results
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Figure 1.
CONSORT diagram. BMI, body mass index; CONSORT, Consolidated Standards of

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

Diamond-Forrester prediction model.
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as being at high risk of having obstructive CAD by the treating physician or by the updated
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n/N (%) with CAD Adjusted OR (95% Cl)

< 35kg/m? |_ _I 571/3916 (14.58%) 1.45(1.38-1.52)

2 35 kgm? I— —| 117/977 (11.98%) 1.19 (1.07 - 1.32)

09 1 11 12 13 141516

Adjusted Odds Ratio of obstructive CAD for a 10-point increase in the Diamond-Forrester score

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/m?
(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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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 (Ml)/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).

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



Page 15

Litwin et al.

‘(as) uesy

"palealpul a1aym 1daoxa (95) N/U aJe ereq

100°0> (0'v9) 685/LL€ (9'95) SETT/2Y9 (L'6v) T8€2/€8TT (z'L€) 1862/0TTT (T'62) 99€T/L6€ (T'62) 55/9T g4V 10 130V
100°0> (6'7€) 685/88T (%T°82) SETT/6TE (T°22) 18€2/5Y9 (T°22) 1862/859 (8:02) 99€T/v8C (6'0¢) §6/LT 1b00|g-e)eg
100'0> (L'9v) 685/5L2 (z'ov) SETT/VES (2'8v) 18€2/09TT (7'9v) 1862/28€T (0'0v) 99€T/97S (e'22) sa/sT unels
9000 (0'Lv) 688/LL2 (€'9v) SETT/92S (5'9v) 18€2/80TT (2'ev) 1862/20€T (9'2v) 99¢€T/285 (e'22) sg/sT undsy
asn uoIedIpaIN
100'0> (€'6T) 909/2TT (¥'LT) 89TT/€0¢C (9'5T) TOvEZ/E8E (T'vT) vETE Y (6'2T) 85¥1/88T (2'01) 95/9 eaoudsAQ
1100 (5'69) 909/T2Y (8'69) 89TT/ST8 (z'e2) Tove/To8T (T'eL) veteszeee (9'72) 85¥1/.80T (6°€8) 95/L¥ ured 18840
woydwAs Bunuasaid Arewrid
100'0> (T°e2) 909/ (6'89) 02T1/908 (5'€9) €9v2/v9ST (L'€T) SETEIOEY (T8) 6SKT/8TT (T'2) 9s1v awoupuAs d1jogels N
100°0> (€'89) 909/¥TY (2'65) 0T1/669 (2°05) 6S¥e/LveT (T'ev) oeTE/BYET (T'6€) 95¥T/0.2S (T'1¥) 95/€2 alkisayl| Areyuapas
avo
0190 (9'2€) 509/26T (6'€€) L9TT/96€ (z'1€) S5ve/s9L (7'1€) 621€/186 (9'7€) TSVT/8SY (5've) sa/6T ainyewald o Aoisiy Ajieq
100°0> (5'9v) 909/282 (€'8) 0LTT/S9S (T'28) €9ve/eseT (¥°05) ¥€1€/T8ST (2'vS) 65¥1/86. (5'29) 95/5¢ (19n3u/19n3) J33{OWS
100°0> (5'v9) 909/16€ (5'89) 0LT1/108 (8'0L) €9veivyLT (6'89) SET€/09TZ (€'79) 6SYT/V68 (z'8v) 95122 elwaeptdiisAg
100'0> ('9) 909/182 (9'2€) 0LTT/28€ (z'92) €9ve/sr9 (€'€T) SETE/LTY (5'01) BS¥T/EST (2'01) 95/9 seleqelq
100°0> (5'€8) 909/905 (z'82) 0L11/5T6 (z'12) €9vevsLT (z'65) seT€/5G8T (8'LY) 65¥1/869 (¥°68) 95/1€ uolsusudAH
$103084 XSIJ JeIpIRD
(z'€6) S09/795 (2'26) €911/8.L0T (0'26) 8vve/esee (6'16) 8T1€/5982 (e'76) 9vvT/VIET (5'v6) S&/es oulyeT Jo dluedsIH 10N
(8'9) 509/T¥ (e'2) €911/58 (0'8) 8v2/96T (T'8) 8TTE/EST (L) 9vvT/e8 (5'9) ss/e ouye Jo dtuedsiH
€900 Ao
(€'0) 0972 (70) vSTT/S (¢'1) 9vveiee (8'€) TTTE/BTT (S'v) SYvT/S9 (8'T) g5/1 uelsy
(981) €09/2TT (€'€T) ¥STT/VST (z'2t) 9vvese6e (L'8) TTT€E/2L (¥'L) Sy¥T/L0T (e'2) ssiv yoe|g
(6'8L) €09/9LY (€'v8) ¥STT/EL6 (5'v8) 9v¥e/990e (£'98) TT1€/5592 (5'98) GY¥T/0SCT (T'68) Sa/6Y 3HUM
T000> aoey
100°0> (9°09) 909/29¢ (0'95) 02TT/559 (v'6v) €9v2/9TCT (8'LY) seTE/66VT (9'19) 65¥1/668 (0'52) 95/ey X9s 3[ews
000> (v8'9) 585 (ev'2) 165 (98°2) €09 (87'8) €19 (v6'8) L'29 (158) 219 , S1e9k '3by
anjen d (%) (%€T) 0LTT=U (982) €9ve=u (9%5€) seTE=U (99T1) 6G7T=U (96T) 95=U §'8T>

909=U 0¥< € 3390

6'6€-0'GE ¢ 85990

6'7€-0'0€ T 3890

6'6¢—0°5Z WB1amisno

6'7¢-5'8T [eWJION

1IN yBramuspun

sa11006a1ed Xapul ssew Apoq OH/ UO paseq suoieaipaw JeipJed pue swordwAs ‘sansiialorleyd/soiydeibowap uaned

Author Manuscript

T alqeL

Author Manuscript

Author Manuscript

Author Manuscript

available in PMC 2021 August 07.

Heart. Author manuscript



Page 16

Litwin et al.

‘aseasIp Alalie AIBU0I0D ‘@D ‘Xapul ssew Apog ‘|G 19300]q J01dadal uisuslolbue ‘gyy onqiyul swAzus Buriaauod-uisuaiolbue 130y

Author Manuscript Author Manuscript Author Manuscript

Author Manuscript

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



Page 17

Litwin et al.

‘Aydesboibue A1euolod aaIseAul ‘Yred uoleziwopuel Jo sAep 06 ‘aseasip Jejnaseaolpted ‘aAD ‘Aydesboibue oiydesfowol pandwod ‘v1D

"pareaIpul a1aym 1daoxa (96) N/U aJe eleq

0100 (6'0¢) 89/1C (£'28) 0TT/8S (9'96) TS2/2YT (9€9) LT€/0LT (2'98) TET/IEL (009) vz ured Agq v anNISqo
€100 (e'6) 162/LC (e8) T85/8Y (T'eT) 622T/19T (6'0T) 2291/8.T (e'01) L0L/EL (00) 92/0 V.10 Aq avd aAnonasqo
1900 (T11) TeelsLe (T'T1) TE9/OL (5'ST) 92€T/50C (zet) evLT/iOET (9°€T) ¥9L/v0T (69) 62/C UreD 40 VLD Ag QD 8ARONAISAO
dv2 AINASIO
(z'1) 90972 (z0o)oLTT/E (¥°0) T9v2/0T (z0) ogTE/S (€°0) GS¥T/Y (00) 95/0 (%06<) ubiy Aisp
(¥'S) 909/€€ (5'9) 0LTT/V9 (9'v) T9ve/TT (6'¢) oeTE/ETT (T'v) SSvT/09 (8'1) 95/T (%06—9612) ubIH
(2'09) 909/59¢ (0'69) 02TT/069  (9'8S) TOVZ/CHYT (9'99) 0eTE/2LLT (6°€5) SGYT/v8L (T29) 9672 (%0.-%T¢) arelpaunaul
(1°82) 909/0LT (6'62) 0LTT/0SE (0'1€) T9VE/29L (z€) oeTE/VTOT (5'v€) SG¥T/205 ('0€) 95/.T (%60€-9%0T) M0
(T°5) 909/1€ (5'9) 0LTT/V9 (5°5) T9ve/SET (6'9) 0ETE/ITT (¢'2) ssvT/S0T (2°01) 95/9 (%0T1>) moj Asan
100°0> AvD edlIubls Jo pooy!|ay] Jo uolewnss s, uerdisAyd
8290 (1) 909/1€ ('9) 0271/29 (5'9) e9ve/9eT (6) GETEMBT (6'v) 6SVT/2L (8'1) 95/1 (%0.<) s1 ubiH
1000>  (T'€v) 909/19¢ (c8v) oLTT/v9s  (6'7S) E9ve/ESET (€'65) GETE/098T (0°05) 6S¥T/62L (T1v) 95/€2 (%0.-9%0€) »sH areIpawiau]
T000>  (8'TS) 909/7T€ (S'9v) 0LTT/VYS (5'6¢€) €9ve/vL6 (8'v€) SETE/T60T (T's¥) 6571/859 (T°29) 9572 (%0€>) st mo]
(z811) 028 (60'8T) 8'8¢ (68T T'TY (91'81) 2y (67'81) Z'6€ (tv'21) €°6¢ (as) ueay
T00°0> (TTOZ) 491584104 pue puowelq
v 4O pooy! 1T
T000>  (¥'SY) 909/5.2 (6'ev) 89TT/ETS  (G'L¥) TOVZ/OLTT (s'ov) vETE/692T (52e) L5vTIELy (z'€2) 95/€T (%02<) As1 ubiH
8210 (52€) 909/L22 (T°5€) 89TT/OTY (8'%€) T9v2/LS8 (e'9¢) vETE/BETT (e'v€) LSYT/00S (009) 95/82 (%02—960T) YIs1 areIpaWLIBU]
1000>  (2'LT) 909/%0T (0'12) 89TT/S¥C (9°21) T9VZIVEY (z'€2) vete/92L (z'ee) LsvTivey (8'92) 95/5T (%0T>) st mo]
(96'¥T) L'2e (08'sT) 922 (eg'sT) 9°€C (62'¥T) 6°0C (ov'eT) 0'8T (08'TT) §'GT (as) ueay
100°0> (8002) 21095 sty weybuiweiy

YsU AAD 1esh-0T

anfeAd  (909=U) £98s900  (0LTT=U) 2 9s300  (€9¥z=U) T 95300  (GETE=U) WBIBMIBAO  (BGYT=U) [eWION  (95=U) IyBramsapun

Aydesboibue 19 1o Aydeibolbue aniseaul
Aq @vD aA119n11sqo Jo aoussald pue satiobisred xapul ssew Apog OHM Aq pooylaxi] (QwD) aseasip Aialie A1euoiod JO JUSUSSISSe pue S80S MSiy

¢ dlqeL

Author Manuscript Author Manuscript Author Manuscript Author Manuscript

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



Page 18

Litwin et al.

“uoijesijendsoy euibue a|geIsuN ‘Hy/N ‘UOIOIBIUI [BIPJEIOAW ‘[N‘IBINOSBAOIPIED ‘AD

“(96) N/u a1e ere@

(%0°T) 909/9 (%6°0) 0LTT/TT (%€'T) e9vz/ze (%L'T) SETEMNS (%8'T) 6571/92 (%8T)95/T  (%S'T) 6888/0€T IN/Y¥esp AD
(%€°T) 909/8 (9602) 0LTT/EC (%€°2) €9¥2/LS (%68°2) SeT€/L8 (%S°2) 657 T/LE (%8'T) 95/T  (%¥'2) 6888/ETC  HVN/IN/U¥ESP AD
(%0°2) 909/2T (%g2) 0LTT/L2 (968°2) €9¥2/0. (%z'€) SeTE/TOT (%S°€) 6S7T/TS (%t's)9s/e  (%0°€) 6888/79Z HVN/IIN/Y¥esa

(909=u) g 85800 (0LTT=U) 28800 (£9¥z=u) T 88O  (GeTE=U) Wb1aMIBAO  (BSPT=U) [BWION  (9G=u) Iybramuspun  (6888=U) |[e19AQ  1ulodpus [edtul|d

sar0Ba1e) Xapul ssew Apoq OHM Uo paseq siulodpus [ealul]d 10) Salel JUaAS 81n|osqy

€ 9lqeL

Author Manuscript Author Manuscript Author Manuscript Author Manuscript

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



	Abstract
	INTRODUCTION
	METHODS
	Study cohort and design
	Statistical analyses

	RESULTS
	DISCUSSION
	CONCLUSIONS
	References
	Figure 1
	Figure 2
	Figure 3
	Figure 4
	Table 1
	Table 2
	Table 3

