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ABSTRACT: Overweight and obesity contribute to the
development of cardiovascular disease (CVD) in general
and coronary heart disease (CHD) in particular in part
by their association with traditional and nontraditional
CVD risk factors. Obesity is also considered to be an
independent risk factor for CVD. The metabolic syn-
drome, of which central obesity is an important compo-
nent, is strongly associated with CVD including CHD.
There is abundant epidemiologic evidence of an associa-
tion between both overweight and obesity and CHD. Evi-
dence from postmortem studies and studies involving
coronary artery imaging is less persuasive. Recent stud-
ies suggest the presence of an obesity paradox with
respect to mortality in persons with established CHD.
Physical activity and preserved cardiorespiratory fitness
attenuate the adverse effects of obesity on CVD events.
Information concerning the effect of intentional weight
loss on CVD outcomes in overweight and obese persons
is limited. (Curr Probl Cardiol 2020;00:100655.)

that a relationship exists between overweight (OW)/obesity and
cardiovascular (CV) disease (CVD), particularly coronary heart
disease (CHD).'” CHD may be characterized as coronary artery disease
(CAD) and its complications.' >’ OW and obesity are closely associated
with multiple traditional and nontraditional (novel) risk factors for CVD."
1120 The metabolic syndrome (MetS) refers to a clustering of risk factors

t has become increasingly apparent during the past half-century
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for CVD. Patients with the MetS are a particularly high risk for CHD."*-''~"

This review discusses the relation of OW and obesity to CVD and CHD
based on epidemiologic and pathologic studies and on studies involving cor-
onary artery imaging. It also provides evidence supporting the existence of
an obesity paradox related to CHD. Finally, it describes the effects of physi-
cal activity, cardiorespiratory fitness (CRF), and intentional weight loss on
CVD and CHD outcomes in patients who are OW or obese.

DEFINITIONS

The World Health Organization and related classifications of body
weight, criteria for central (abdominal, visceral) obesity based on waist
circumference (WC) and waist-hip ratio (WHR), and the most com-
monly-used criteria for the MetS are summarized in Table 1.'-'!%15-20

OBESITY AND CVD
Risk Factors for CVD
There are a multiple genetic, physiological, and biochemical mechanisms

that facilitate to the development of atherosclerotic vascular disease and by

Table 1. Commonly-used classifications and criteria associated with overweight and obesity

World Health Organization body weight classification*

Underweight <18.5 kg/m?

Normal weight 18.5-24.9 kg/m?

Overweight 25.0-29.9 kg/m?

Class | obesity 30.0-34.9 kg/m?

Class Il (severe) obesity 35.0-39.9 kg/m?

Class lll (morbid, extreme) obesity >40.0 kg/m?

Class IV (super) obesity >50.0 kg/m?
Commonly-used markers of central obesity

Waist circumference >102 cm in men; >88 cm in women

Waist-hip ratio >1.0 in men; >0.8 in women
Metabolic syndrome (3 of the following 5 required):

Waist circumference >102 cm in men; >88 cm in women

Blood pressure >130/85 mmHg

Serum triglyceride level >150 mg/dL

Serum HDL cholesterol level <40 mg/dL in men; <50 mg/dL

in women
Serum glucose level >110 mg/dL
1,10-12

Table adapted from refs.
Abbreviations: kg/m?, kilograms per meter squared; cm, centimeters; mmHg, millimeters of mer-
cury; mg/dL, milligrams/deciliter; HDL, high density lipoprotein.

*Body weight was expressed as body mass index (BMI).
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extension CHD." """ Traditional CVD risk factors associated with OW and
obesity include type 2 diabetes mellitus (DM), hypertension, and various dys-
lipidemias (including elevated serum triglyceride levels, low serum levels of
high-density lipoprotein, and increased serum levels of small dense low-den-
sity lipoprotein and apoprotein B.'*''*" Nontraditional or novel CVD risk
factors associated with OW and obesity include insulin resistance, hyperinsu-
linemia, endothelial dysfunction, various inflammatory markers, and a variety
of pro-thrombotic factors (increased serum fibrinogen levels, von Wil-
lebrand’s factor, plasminogen activating factor-1, clotting factors VII and
Vi)' Central obesity is key component of the MetS, which itself is
an important risk factor for CVD including CHD."'>?° The 27th Bethesda
Conference classified obesity as an independent risk factor for CVD.”’

EPIDEMIOLOGIC STUDIES

The relation of obesity to CVD has been the focus of numerous epide-
miologic studies. Most commonly, they have attempted to determine the
relationship of obesity to the risk of CVD or the risk of CHD. Some of
these studies included risk assessment for cerebrovascular disease.

Relation of OW and Obesity to CVD and CHD: General
Body Weight Indices

The Framingham Heart Study has proven to be a rich source of data con-
cerning the relation of OW and obesity to CVD risk including CHD risk. The
earliest of these trials was reported by Hubert et al and involved 2252 men
and 2818 women (age range: 28-62 years, follow-up: 26 years).”' Minimum
relative weight was found to be a risk factor for CHD and stroke independent
of risk factors such as age, cholesterol level, systolic blood pressure, left ven-
tricular hypertrophy, and glucose intolerance. In a study of 597 men and 1126
women (age range: 55-65 years, follow-up: 23 years), Harris et al identified a
“U” shaped mortality curve for body mass index (BMI).” In a trial of 2039
men and 2871 women (age range: 35-70 years, follow-up: 24 years), Kannel
et al noted that the risk of CVD occurred in patients with abdominal and gen-
eral obesity in a linear fashion.”” In an update of this study, Kannel et al
reported that after 26 years of follow-up, each standard deviation of relative
weight gain predicted an increased risk of CHD and stroke of 15% in men and
22% in women.” In this study, optimal BMI for avoidance of CVD was 22.6
kg/m? in men and 21.1 kg/m? in women. Wilson et al showed that OW or obe-
sity determined by BMI in men and women (age range: 35-75 years) followed
for up to 44 years was associated with an increased incidence of CVD.”
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Another large epidemiologic trial, the Nurse’s Health Study, also pro-
vided a wealth of information concerning the relation of body weight to
CVD, particularly CHD. Manson et al studied 115,886 women (age
range: 30-56 years, follow-up: 8 years).”® These investigators noted a
link between obesity and the risk of CHD. A subsequent study showed
that CHD mortality was less than that reported for women in the general
US population.”’ In a study by Willett et al of middle-aged women fol-
lowed for 14 years, the highest BMI within the range of weight gains after
18 years of age predicted elevated risk of CHD.”® Rexrode et al studied
44,702 women followed for 12 years.” This study showed that women
who were nonsmokers and whose BMI was >32 kg/m” had a relative risk
of CVD mortality of 4.1 compared to women whose BMI was <19 kg/
m?. Cho et al noted that weight gain before the onset of DM was associ-
ated with increased risk of CHD in 5897 women (follow-up: 12 years,
after adjustment for BMI and selected CVD risk factors.””

Baik et al studied 39,756 males (age range: 40-75 years, follow-up: 10
years) as part of the Health Professionals Follow-up Study.”" The risk of
CVD mortality rose progressively with increasing BMI in men <65 years
old. In a previous study these investigators showed that in men >65 years
old no association between BMI and CVD mortality was noted.”’

A study by Field et al combined subgroups from the Nurse’s Health
Study and the Health Professionals Follow-up Study.’” The study popula-
tion consisted of 77,690 women and 40,060 men (follow-up: 10 years). In
this study the risk of CHD or stroke rose in patients with increasing sever-
ity of OW or obesity. The first National Health and Nutrition Examina-
tion Survey (NHANES I) Epidemiologic Follow-up Study evaluated the
relation between body weight and risk of CHD in 2 separate reports. In a
study of 1259 women (age range: 65-74 years, follow-up: 14 years), a
BMI >29 kg/m?* was an independent risk factor for CHD.™ In a second
study of 620 men and 960 women (mean age: 77 years, follow-up: 13
years), Harris et al reported that the presence of heavier weight in late
middle age was a risk factor for CHD later in life.”* The presence of
heavier weight during older age served as a risk factor for CHD after
adjusting for weight loss.

Calle et al studied >1,000,000 subjects (follow-up: 14 years).3 >
Increased BMI, defined as >26.5 kg/m” in men and >25.0 kg/m? in
women, predicted CVD in both men and women. In those whose BMI
was >40 kg/m?, respective relative risks for CVD in men and women
were 2.7 and 1.9.

A retrospective study of 866 African-American men and women fol-
lowed for 7 years reported by Adams-Campbell et al assessed the relation
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of BMI to CAD confirmed by invasive coronary angiography.’® In this
study CAD occurred more frequently in subjects who were OW than in
patients with normal weight or in those who were obese.

Zhou et al demonstrated that OW served as an independent predictor of
CHD in 14 target populations comprising 1974 men and women (age
range: 30-59 years, follow-up: 9 years).”’

The Manitoba Heart Study comprised 3983 men (mean age at entry:
30.8 years, follow-up: 26 years).”® There were 390 cases of CHD during
follow-up. Elevated BMI was significantly associated with MI, sudden
death, and coronary insufficiency. These findings were not apparent until
year 16 of follow-up. The presence of OW or obesity was found to be the
best predictor of myocardial infarction (MI) after 20 years of observation.
Conversely, in the Pooling Project there was no significant age-adjusted
or age-associated relation between obesity and CHD in male cohorts.’

In a meta-analysis of 8 studies comprising 61,386 adults (follow-up:
>10 years), Kramer et al reported approximately 4000 adverse CVD
events.”” Subjects with obesity, but without the MetS had a 24% higher
risk of CVD events than participants with normal weight without the
MetS. The Copenhagen General Population Study followed 71,527 adults
followed for a mean duration of 3.6 years.”” Adults who were OW or
obese with the MetS manifested increased risk for MI (hazard ratios [HR]
of 1.26, 95% confidence interval [CI]: 1.0-1.6 in patients who were OW
and 1.88,95% CI: 1.3-2.6 in those who were obese).

Jousilahti et al studied 16,113 Finnish men and women (age range: 30-
59 years, follow-up: 15 years)."' Obesity was found to be an independent
risk factor for CHD mortality among men and contributed somewhat less
to CHD mortality risk in women.

In the Chicago Western Electric Study 1707 men (age range: 40-55 years),
followed for 22 years.*” After 15 years, all indices of adiposity except for tri-
ceps skinfold thickness were significantly related to CHD mortality.

BMI and fat patterning failed to predict CHD mortality in African-
American women during a follow-up period of 25-28 years in the
Charleston Heart Study.” In the Adventist Mortality Study of 12,576
women (age range: 30-74 years, follow-up: 26 years), there was a “U”
shaped curve for risk of CHD, hypertensive disease and stroke mortality,
particularly during the fifth to seventh decades of life.**

In a prospective study of 7735 males (age range: 40-59 years, mean
follow-up: 14.8 years), Shaper et al showed that a BMI of 22 kg/m?* was
associated with the lowest risk of CVD mortality."

The Women’s Health Australia Project included 13,431 women (age
range: from 45 to 49 years) and was designed to assess the relation
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between BMI and CVD risk.”® In this study Brown et al demonstrated
that a BMI of 19-24 kg/m* was the optimal BMI for minimizing CVD
risk. In a retrospective analysis of data that were obtained prospectively,
Benedetto et al assessed the relation of BMI categories to early and late
mortality after first time isolated coronary artery bypass grafting
(CABG)."’ The study population consisted of 3269 subjects with normal
weight, 6660 subjects who were OW, 3821 subjects who were obese, and
211 subjects who were morbidly obese. Propensity scoring was used to
adjust for potential confounding factors. Early mortality was not affected
by the presence of OW, obesity or morbid obesity regardless of the
patient’s risk profile. OW was not protective against late death compared
to normal weight subjects. The obese state was associated with a higher
risk for late death (HR: 1.22, 95% CI: 1.07-2.66, P< 0.006) and a trend
toward late mortality in those with morbid obesity (HR: 1.36, 95% CI:
0.24-2.49).

Relation of Fat Distribution to CVD and CHD Risk

Epidemiologic studies strongly suggest that the presence of central
obesity is superior to general indices of body weight (BMI, relative
weight) as a predictor of CVD and CHD morbidity and mortality.

In a study of 27,098 adults from 52 countries Yusuf et al showed that
BMI was minimally associated with MI after adjustment for other CVD
risk factors (odds ratio [OR] of 1.12, 95% CI: 1.03-1.22).*® In contrast,
the ORs for WHR as a predictor of MI were substantially higher (1.90 in
the fourth and 2.52 in the fifth quintile). In the INTERHEART Study,
WHR was the strongest predictor of MI.*’ In this study, other measures
of abdominal obesity were also stronger predictors of MI than was BMI.

A review of relevant studies by Rao et al demonstrated that high BMI
and high WHR were independent risk factors for CHD mortality.””

Hamer et al combined data from the Health Study of England with data
from the Scottish Health Survey (22,308 subjects, mean age: 54 years).”'
Patients who were obese with lower metabolic risk (WC <102 cm for
men and <88 cm for women, normotensive, no DM, normal C-reactive
protein (CRP), normal high-density lipoprotein cholesterol) had no
increase in CVD risk compared to healthy nonobese individuals.

In a case control study of men and women <70 years old (216 cases,
261 controls), increased mid-thigh girth and subcutaneous fat mass
appeared to have a protective effect against CHD.””

Rexrode et al showed that WHR and WC were independently associ-
ated with CHD risk in 44,702 women in the Nurse’s Health Study.””

6 Curr Probl Cardiol, 00 2020



Coutinho et al studied 15,547 subjects with CAD to determine the rela-
tive associations of BMI and WHR to 5-year survival.”* The study popu-
lation consisted of 55% men (mean age: 66 years). A total of 4699 deaths
occurred over a median follow-up period of 4.7 years. Those with a nor-
mal BMI, but with a high WHR had a higher mortality rate than those
with a normal BMI and a normal WHR (HR: 1.10, 95% CI: 1.05-1.17),
those who were OW with a normal WHR (HR: 1.20, 95% CI: 1.09-1.31),
and those who were obese with a high WHR (HR: 1.27, 05% CI: 1.18-
1.39). The p values for all comparisons were <0.0001.

Sharma et al studied 7057 patients >65 years old with known CAD
who were at normal weight, but had central obesity (those with a high
WHR or high WC).”” The mean follow-up time was 7.1 years. The high-
est mortality risk occurred in those with a normal BMI and central obesity
(HR: 1.29, 95% CI: 1.14-1.46 for high WHR and HR: 1.29, 95% CI: 1.12-
1.50 for high WC). High WHR was predictive of mortality overall (HR:
2.14,95% CI: 1.93-2.38), but high WC overall was not predictive of mor-
tality. High WHR predicted mortality in both men and women, whereas
WC predicted mortality only in men (HR: 1.12,95% CI: 1.01-1.24).

A study by Zhang et al demonstrated that the relative risk of CVD mor-
tality rose progressively with increasing quintiles of WC (1.00, 1.04,
1.04, 1.28, and 1.99) after adjustment for BMI and selected risk factors
for CVD.™

The previously-cited study by Baik et al noted that WHR predicted CVD
mortality in men >635 years of age.”' In the same group of patients, Rimm et
al reported that in those >21 years of age, BMI, WHR, and weight gain
were associated with increased risk of CAD.”’ In patients 65 years of age or
older, WHR was superior to BMI in predicting CAD risk.

In a Brazilian study of 2396 patients reported by Fontela et al, conicity
index, BMI, and WC were assessed to determine their relation to CAD
mortality.”® None of these anthropomorphic measurements proved to be
independent predictors of CAD mortality.

The Paris Prospective Study consisted of 6718 men (age range: 42-
53 years, average follow-up: 6.6 years).”” Thirteen upper and lower body
skinfold thicknesses were measured. Higher ratios of truncal to mid-thigh
skinfold thickness were most predictive of CHD, even after adjusting for
blood pressure, cholesterol, and DM.

In the Study of Men Born in 1913, 792 were evaluated at 54 years
age.”” Follow-up occurred 13 years later. BMI and skinfold thickness
measurements were obtained as was WC. None of these measurements
were significantly associated with ischemic heart disease, stroke, and all-
cause mortality. In contrast, WHR was significantly associated with
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ischemic heart disease and stroke (P= 0.04). Adjustment for traditional
CVD risk factors attenuated this association.

Prineas et al assessed the relation between WHR and 4-year risk of
fatal CAD in 32,858 women (age range: 55-69 years).’' In the highest ter-
cile of WHR compared to the lowest tercile of WHR, the relative risk of
death from CAD was 3.3 (95% CI: 2.0-5.6). There was a trend towards
an increased relative risk when the middle tercile was compared with the
lowest tercile. High WHR was, for the most part, an independent risk fac-
tor for CAD-related death, although multiple other CVD risk factors were
also considered to be important predictors of this endpoint on multivari-
ate analysis.

In a study reported by Jonsson et al, 22,025 Swedish men (age range:
27-61 years) were followed for 23 years.®” The cumulative mortality rate
was 20% (13% for CHD events). The relative risk for CHD events in
patients who were OW was 1.26 (95% CI: 1.12-1.37) and was 1.76 (95%
CI: 1.49-2.68) in patients who were obese. CHD events and CHD itself
were thought to be closely-related to CVD risk factors.

A study of 105,062 US male veterans followed for 23 years reported
by Terry et al, the relative risk of ischemic heart disease death per stan-
dard deviation of WHR ranged from 1.11 to 1.17 (higher in younger sub-
jects).”” BMI was not a significant risk predictor for younger subjects, but
became a significant risk predictor among veterans 21-30 years of age.

Bengtsson et al reported the results of a study of 1462 randomly selected
Swedish women (age range: 38-60 years) who were followed for total mor-
tality over 20 years.”* WHR was an independent predictor of total mortality
and death from MI (relative risk: 1.67, 95% CI: 1.18-2.36).

Lakka et al studied 1346 Finnish men (age range: 42-60 years) with no
evidence of CVD at entry.®” The average follow-up period was 10.6 years,
during which time 123 acute CHD events occurred. After adjustment for
confounding variables, WHR (P< 0.009), WC (P < 0.010), and BMI (P
< 0.013) cumulatively were associated with a nearly 3-fold risk of CHD
events. WHR provided additional value beyond BMI, but the converse
was not true. Patients with abdominal obesity combined with cigarette
smoking and poor cardiorespiratory fitness respectively were shown to
have 5.5 and 5.1 times the risk of CHD events.

In a study of 9206 Australian adults (age range: 20-69 years) after
adjustment for multiple CVD risk factors, WHR was a dominant and
independent predictor of CVD and CHD mortality.”® WHR was a better
predictor than WC and WC was a better predictor than BMI.

Lapidus et al studied 1462 Swedish women (age range: 38-60 years) to
assess the relation of the distribution of adipose tissue to the risk of CVD
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and death.”” On multivariate analysis, WHR and WC were associated
with 12-year incidence of MI independent of age, BMI, cigarette smok-
ing, dyslipidemias and, and systolic blood pressure.

In a substudy of the Honolulu Heart Study, Curb et al reported that in
Japanese-American men, BMI, subscapular skinfold thicknesses central-
ity index predicted CHD after adjustment for selected CVD risk factors.®”

A study of 2512 men (follow-up: 14 years) by Yarnell et al demon-
strated that subscapular skinfold thickness significantly predicted ische-
mic heart disease after adjustment for age, smoking, and social status.””
Other skinfold thickness measurements contributed marginally to ische-
mic heart disease prediction relative to BMI.

PATHOLOGY

Studies derived from postmortem evaluation have shown mixed results
concerning to the relationship between OW/obesity and CHD. The Interna-
tional Atherosclerosis Project (1960-1964).” This study contained autopsy
data on 350 persons from 6 geographic regions. The study showed that among
those who died accidentally there was no relation between any of the weight
indices used and the extent of atheromata. In a World Health Organization
Study conducted in Europe and reported by Sternby, there was no significant
difference in the prevalence of coronary stenosis or the extent of atherosclero-
sis between normotensive, nondiabetic patients who were obese and subjects
at normal weight.”' In this study, subjects with wasting diseases were
excluded. Giertson et al reported no significant difference in the extent of coro-
nary atherosclerosis between 408 patients who were underweight and those
who were OW (age range: 15-89 years).”” A retrospective autopsy study
reported by Ackerman et al showed that the degree of coronary atherosclerosis
was similar in persons who were OW and persons with average weight.””

Yater et al found no significant difference in body weight between 237
men who died of CHD and 297 men who suffered accidental death.””

Lee and Thomas reported no significant difference in body weight
between 450 persons (age range: 30-60 years) who succumbed to acute
MI and persons with average body weight in the general population
matched who were for age and sex.””

Several studies have described a relation between abdominal panniculus
thickness and coronary atherosclerosis. Wilens et al described postmortem
findings in 1260 cases. Advanced coronary atherosclerosis occurred twice as
often in those with an abdominal panniculus >3 cm as in persons with poor
nutritional status.”® The Pathobiological Determinants of Atherosclerosis in
Youth (PDAY) Study comprised 3000 males and females (age range: 15-34
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years), In this study McGill et al described fatty streaks in the right and left
anterior descending coronary arteries in adolescents and young men with an
increased BMI."’ Fatty streaks in the right coronary artery were greater in the
right coronary artery in young men with a thick abdominal panniculus. There
was a trend toward greater fatty streaks in the right coronary artery young
women with a thick abdominal panniculus. There was no association between
BMI and coronary atherosclerosis in young women. Previously, McGill et al
studied 1532 autopsied young persons who died of causes other than CHD.
In males, the percentages of fatty streaks and raised right coronary lesions
were 2-4 times higher in subjects whose abdominal panniculus thickness was
>17 mm compared to males whose abdominal panniculus < 17 mm.”®

Strong et al reported the results of a study of 1108 males (age range:
13-34 years) who succumbed to diseases other than CHD.”” A positive
correlation was noted between body weight-height indices and raised cor-
onary lesions in white Americans, but not in African-Americans. How-
ever, the differences in panniculus thickness between groups were small.

Patel et al reported findings from 672 autopsy cases of men (age range:
25-64 years), 70% of whom suffered accidental death.””. There was a
weak correlation between abdominal panniculus thickness and raised cor-
onary artery lesions in white men, but not in African-American men.

In a retrospective analysis of medical records of all nonelderly resi-
dents of Olmstead County, MN between 1981 and 2009 who died from
non-natural causes and who had CAD at autopsy (n=545), Smith et al
noted a nonlinear decline in CAD that was associated with a decrease in
hypertension.®’ Trends identifying increasing obesity and DM were
thought to contribute to the end of the decline in CAD.

In a postmortem evaluation of 110 subjects in which biopsies of subcuta-
neous fat were acquired Bjurulf et al showed that the severity of coronary
atherosclerosis correlated with the size, but not the number of fat cells.*”.

Autopsy findings in a study of 37 Japanese-American men showed a
positive correlation between CHD severity and relative weight >116%.""

Wilkens et al reported greater severity of CHD on autopsy and a higher
incidence of catastrophic CHD events in normotensive men who were
obese, but not in women.**

INVASIVE ANGIOGRAPHIC AND COMPUTED
TOMOGRAPHIC IMAGING

Coronary anatomy has been studied using invasive coronary angiogra-
phy, computed tomographic coronary angiography and by assessment of
coronary artery calcium using computed tomography.
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Invasive Coronary Angiographic Studies

The Honolulu Heart Program was a study of 357 men drawn from a
cohort of 7591 men without established CHD at entry.® Invasive coro-
nary angiography was performed on entry and was repeated during a fol-
low-up period of 20 years. Thirty-five men with <50% stenosis
represented controls. There was no significant difference in BMI between
controls and subjects with greater degrees of coronary stenosis.

Cramer et al 262 patients with established CHD based on invasive cor-
onary angiography on entry followed by repeat invasive coronary angiog-
raphy 2-182 months after the initial angiogram.®® No significant
difference in the progression of coronary lesions between those with a rel-
ative weight greater than 120% and those with lower relative weights.

Stalls et al consulted an invasive coronary angiographic database of
33,119 patients. They reported that although black subjects had higher
frequencies of CVD risk factors and were more commonly morbidly
obese, they were significantly less likely to have significant coronary
artery stenosis on angiography.®’

These cross-sectional invasive coronary angiographic studies and others
assessing coronary artery stenosis in patients who were OW or obesity
showed little or no relation between BMI and severity of CAD.*¥

Farhang et al studied 414 patients with suspected CAD who underwent
invasive coronary angiography (mean age: 61.2 years, 60.4% male).”’
Severity of CAD was assessed using the Synergy between Percutaneous
Intervention with Taxus and Cardiac Surgery (SYNTAX) and Duke scor-
ing systems. There was a negative correlation between BMI and both
SYNTAX score and Duke score (P =0.001 for both). There was a posi-
tive correlation between WHR and severity of CAD using the Duke score
(P=0.03).

To assess the influence of BMI on extent of coronary atherosclerosis in
patients at risk for CAD based on CVD risk factors, Rossi et al studied
1299 consecutive patients (69.7% male) who underwent invasive coro-
nary angiography.”’’ The study population consisted of patients with nor-
mal weight (36.5%) patients who were OW (43.6%) OW, and patients
who were obese (19.6%). During a mean follow-up period of 40 months,
the patients who were OW or obese had a higher incidence of CHD
events than normal weight patients (62.7% in patients who were OW,
74.9%, in patients who were obese and 53.2% in patients with normal
weight, (P < 0.05).

In a study by Alkawam et al 7567 patients were hospitalized for chest
pain and underwent invasive coronary angiography.”® The study included
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414 patients who were obese (BMI >30 kg/m?, 80% of whom had CAD.
These patients displayed CAD at a younger age than patients who were
not obese (57 years vs 63 years). Of the 332 patients with obesity and
CAD 55.4% had obstructive CAD. Traditional CVD risk factors such as
male gender and cigarette smoking favored obstructive CAD, whereas
dyslipidemia favored nonobstructive CAD.

Cepeda-Valery reported the results of an invasive coronary angio-
graphic study of 95 patients with acute MI assessing the relation of obe-
sity to SYNTAX score and CAD severity.”” On univariate analysis
obesity was associated with a lower SYNTAX score (P =0.009), fewer
lesions >50% (P = 0.03), and less proximal left anterior descending coro-
nary stenosis (P =0.02), whereas age, cigarette smoking, and DM were
significant predictors of more severe CAD. On multivariate analysis obe-
sity remained a significant predictor of less severe CAD including lower
SYNTAX score (P=0.04), fewer coronary stenotic lesions >50%
(P=0.007), and a lower likelihood of proximal left anterior descending
coronary stenosis (P =0.03). Age, cigarette smoking, and DM remained
significant predictors of severe CAD.

Computed Tomographic Coronary Artery Imaging Studies

Multiple studies employing computed tomography of the coronary arter-
ies have evaluated the relation of obesity to CAD and CAC. Labounty et al
studied 13,874 patients who were suspected of having CAD and who under-
went computed tomographic coronary angiography.'” Subjects with an
increased BMI had a greater prevalence, extent and severity of CAD that
could not be attributed entirely to CVD risk factors. In this study an indepen-
dent association existed between BMI and risk of MI.

In the Muscatine Heart Study consisting of 384 males and females
(15 years old at entry, follow-up: 15 years), obesity (assessed by BMI
and triceps skinfold thickness) was strongly associated with coronary
artery calcification (CAC) detected by computed tomography.'”!

In the Dallas Heart Study See et al reported that WHR was the only
anthropomorphic measure of obesity associated with CAC on computed
tomography (OR: 1.91).'%?

Several studies have utilized the Agaston score derived from cardiac
computed tomography to quantify CAC. In a retrospective study of 6661
patients (mean age: 57.1 years), Aljizeeri et al evaluated the association
of CAC (Agaston score) and indices of body weight including BMI and
% body fat.'”> The study included patients who were underweight
(0.1%), patients with normal weight (21.3%), patients who were OW
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(39.1%), and patients who were obese (39.4%). An independent associa-
tion existed between the presence of CAC and BMI (5 kg/m? increments,
OR: 1.05, 95% CI: 1.00-1.11, P=0.038) and % body fat (OR: 2.38, 95%
CI: 1.05-5.41, P=0.038). BMI categories and body surface area failed to
independently predicted CAC score. Percent body fat predicted CAC
score in men, but not in women.

In the Coronary Artery Risk Development in Young Adults (CARDIA)
study included 3275 healthy persons who were not initially obese (age range:
18-30 years, follow-up up to 25 years).'™* Assessment for associated risk fac-
tors and CAD occurred every 2-5 years. During the follow-up period, 40% of
participants developed obesity that was either generalized or abdominal.
CAC developed at a rate of 16 per 1000 patient years in patients who were
obese for >20 years compared to 11 per 1000 patient years in those who
remained nonobese. Ten-year progression of CAC (Agaston score) was seen
in 25.2% of those with generalized obesity and in 27.2 % of those with
abdominal obesity >20 years. Respective rates of progression in patients
who were not obese were 20.2% and 19.5%.

Yoon et al retrospectively studied 1218 subjects who were obese, but met-
abolically healthy to determine the risk of development of the MetS and pro-
gression of CAC score during a median follow-up period of 45 months.'”
Obesity was defined as a BMI >25 kg/m?. Patients who were obese, but met-
abolically healthy was were classified as class I if there was obesity and one
other component of the MetS and class Il if there was obesity and no other
components of the MetS. CAC at baseline was O units for all patients. Meta-
bolically healthy patients without obesity served as the reference group. Dur-
ing the follow-up period, 32.2 % of class I and 10.2% of class II
metabolically healthy subjects who were obese developed the MetS (HR:
2.174, 95% CI: 1.513-3.127 for class I and HR: 1.166, 95% CI: 0.434-3.129
for class II patients). Class I patients developed a significant increase in
Agaston score (HR: 1.653, 95% CI: 1.144-2.390), whereas class II patients
experienced no significant change in Agaston score. In class I patients who
maintained metabolic health during follow-up, no significant change in
Agaston score was noted.

Chang et al studied 14,828 metabolically healthy adults (no evidence of
CVD, MetS absent, homeostatic model assessment normal).'% The study
population consisted of normal individuals and subjects who were metaboli-
cally healthy and obese. CAC scores were obtained on all patients. Patients
who were metabolically healthy but obese had a higher prevalence of CAC
than normal weight subjects. Multivariable analysis showed the CAC ratio
of metabolically healthy patients with obesity compared to normal weight
subjects (risk ratio: 2, 95% CI: 1.48-3.43) Additional adjustment for
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metabolic risk factors weakened this association to the point where CAC
score was no longer significantly different between the 2 groups. Thus, the
prevalence of CAC is higher in metabolically healthy subjects with obesity,
but this appears to be mediated by metabolic risk factors below levels tradi-
tionally considered to be abnormal.

THE OBESITY PARADOX AND CHD

There is ample evidence to support the presence of an obesity paradox
with regard to total and CHD mortality once CHD is confirmed.'*’"'*'

Wang et al performed a systematic review and meta-analysis on
1,300,794 patients with data culled from 89 studies to assess the associa-
tion of BMI to risk of mortality and CV events in patients with CAD dur-
ing a mean follow-up of 3.2 years.'” Compared to normal weight
patients, underweight status was associated with a significantly higher
risk of short-term mortality (relative risk: 2.24, 95% CI: 1.85-2.72) and
long-term mortality (relative risk: 1.70, 95% CI: 1.56-1.86). OW was
associated with significantly lower short-term mortality risk (relative
risk: 0.69, 95% CI: 0.64-0.75) and long-term mortality risk (relative risk:
0.79, 95% CI: 0.74-0.82). Similarly, obesity was associated with signifi-
cantly lower short-term mortality risk (relative risk: 0.68, 95% CI: 0.61-
0.75) and long-term mortality risk (relative risk: 0.79, 95%CI: 0.73-
0.85). Long-term benefit of obesity abated after 5 years of follow-up.
Patients with class II and class III obesity demonstrated lower short-term
mortality risk (relative risk: 0.76, 95% CI: 0.62-0.91), but higher mortal-
ity risk after 5 years of follow-up (relative risk: 1.25, 95% CI: 1.14-1.38)
compared to normal weight patients. Meta-regression analysis showed
attenuation of the inverse risk of obesity on mortality over longer follow-
up. Romero-Corral et al performed a systematic review and meta-analysis
of 40 studies comprising > 250,000 patients with documented CAD.""”
The referent group in this study consisted of subjects whose BMI ranged
from 19.0 to 24.9 kg/m? (normal weight). Total mortality was signifi-
cantly lower in patients who were OW than in those with class I obesity.
Patients who were underweight (<19.0 kg/m?* manifested the highest risk
for total mortality among the weight groups studied including those with
normal weight. It is of interest that the relative risk for total mortality in
patients whose BMI was >35 kg/m? was not significantly different than
that of the referent group. Similar findings were observed in subgroups
receiving percutaneous coronary revascularization following acute MI. In
the CABG subgroup the relative risks for total mortality in patients who
were OW and in those with class I obesity were similar to that of the
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referent group, as were the relative risks for total mortality for patients
whose BMI was >35 kg/m” and in those who were underweight. These
investigators also assessed the relation of CV mortality to BMI classifica-
tion. Relative risk of CV mortality was somewhat lower in those who
were OW and in those with class I obesity. However relative risks for CV
mortality were higher than that of the referent group in patients who were
underweight and in those whose BMI was >35 kg/m?.

Das et al reported the results of a study of 50,000 patients with acute
ST segment elevation ML''” Subjects whose BMI ranged from 30 to 35
kg/m? had the lowest mortality risk among the groups studied.

In a study by Kragelund et al, in-hospital adjusted mortality among
patients with ST segment or non-ST segment elevation MI was lower in
patients whose BMI was >40 kg/m” than it was in subjects whose BMI
was < 40 kg/m?.'"

The TARGET trial comprised 4800 patients with CAD who received a
bare metal stent and were treated with abciximab or tirofiban.''” No sig-
nificant difference in death or MI at 30 days or 180 days was noted
between those with and without obesity. In this study target vessel revas-
cularization at 6 months was more common in patients <65 years old
with obesity than in any of the other study subgroups.

Multiple studies have reported greater use of percutaneous coronary inter-
ventions in patients who were obese than in those who were not obese.''* "'

In contrast to most studies, Akin et al did not report better outcomes in
patients with obesity following percutaneous coronary intervention in a
German registry.' >

Studies assessing the effects of obesity on mortality and other out-
comes in patients undergoing CABG have produced variable results. A
study of 6068 patients undergoing CABG reported by Habib et al demon-
strated that 12-year mortality was similar between normal weight subjects
and those whose BMI values ranged from 32 to 36 kg/m?, but was signifi-
cantly greater in those whose BMI was > 36 kg/m>.'** Terada et al
reported lower short-term mortality in patients who were OW receiving
CABG compared to patients in other body weight categories.'” In a
study of 4713 patients who were obese, 243 patients who were morbidly
obese, and 1014 patients with normal weight who underwent isolated
CABG, Kuduvalli et al reported no significant differences in the inci-
dence of mortality, MI, stroke, re-exploration of the thorax, or renal fail-
ure during short-term follow-up among the 3 study groups.'”” In a study
of 31,021 patients with CHD (follow-up: 46 months) Oreopoulos et al
reported that medically-treated patients who were OW or had class I obe-
sity who had significantly lower mortality risk than subjects who were
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underweight or those who were at normal weight.'*° In patients undergo-
ing CABG, subjects with a BMI of 35-39.9 kg/m* had the lowest mortal-
ity rates among the weight groups studied. Other studies have reported
similar findings.*”-'?""'*’ In most of these studies, patients with class I
and class II obesity were more commonly re-vascularized than other BMI
subgroups.

DeSchutter et al studied 519 patients with CHD before and after car-
diac rehabilitation (follow-up >3 years).'*" All-cause mortality was high-
est in the subgroup with the highest CRP level and lower BMI. Higher
BMI was associated with lower mortality in the entire study population
and was associated with a trend toward lower mortality in the higher and
lower CRP subgroups. High body fat was associated with lower mortality
in the higher CRP subgroup, but not in the lower CRP subgroup.

The bulk of evidence suggests that in patients with CHD who are OW
and in those with class I obesity, mortality rates are similar to or lower
than mortality rates of normal weight individuals regardless of the clini-
cal presentation.'””""*! Persons who are underweight have consistently
been shown to have the highest risk for mortality. Variability exists
regarding mortality among those who are more severely obese.

RELATION OF PHYSICAL ACTIVITY AND CRF TO CVD
AND CHD IN PATIENTS WHO ARE OW OR OBESE

Substantial evidence confirms the important impact of physical activity
and CRF on the overall incidence of CVD and on all-cause and CVD
mortality in patients who are OW or obese.'””'*® Recent studies suggest
that CRF may be more important than BMI for predicting prognosis; that
is, that patients who are OW or obese with preserved CRF may have a
better prognosis than do lean subjects with low CRF.'**'*

McAuley et al studied 9563 men with CHD (mean follow-up: 33.4 years)
matched for age and gender.'”® Subjects in the lowest tercile for CRF were
classified as unfit, whereas those in higher terciles were classified as fit. Dur-
ing follow-up, fit patients had a good prognosis with respect to all-cause and
CVD mortality regardless of BMI, WC or percent body fat. In the unfit group
patients with the lowest BMI, WC and percent body fat had a worse progno-
sis than those with a greater degree of adiposity.

In a recent study from Norway, 6493 participants with CHD were fol-
lowed for a median of 12.5 years to assess the impact of physical activity
and BMI on all-cause and CVD mortality.'”’ Patients who were OW or
obese had lower all-cause and CVD mortality than did lower weight sub-
jects indicating an obesity paradox. However, this was observed only in
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patients who did not meet international physical activity guidelines. Thus,
in this study physical activity was more important than BMI in predicting
prognosis. In a follow-up study from the same cohort, 3307 patients with
CHD were followed for a mean of 15.7 years.'*® Changes in BMI and
physical activity were assessed to determine their effect on all-cause and
CVD mortality. Weight loss produced no significant reduction in all-
cause or CVD mortality. In fact, there was a reduction in mortality in
patients with weight gain whose BMI was normal at baseline. Sustained
or increased physical activity over time was associated with decreased
all-cause and CVD mortality.

In aggregate, these studies suggest that physical activity and preserved
CRF are able to attenuate the adverse effects of OW and obesity on all-
cause and CVD mortality.

EFFECTS OF WEIGHT LOSS

Intentional weight loss can favorably modify many of the traditional
CVD risk factors related to OW and obesity including hypertension, ath-
erogenic dyslipidemia and type 2 DM."'"-'*? Weight loss also reduces
insulin resistance and inflammation, improves endothelial function, and
decreases the incidence of the MetS."' ">

The Asia Pacific Cohort Collaboration investigators studied 33 cohorts
comprising 310,000 patients. They reported that each 2 kg/m? decrease in
BMI was associated with a 14% decrease in the risk of CHD. In the Aus-
tralia/New Zealand cohort, the decrease in CHD risk was 10%.'*"

Pack et al performed a systematic review and meta-analysis of 35,335
patients to determine the importance of weight loss in patients with
CAD.""' The endpoint of the study was a composite of all-cause mortal-
ity, CVD mortality, and major adverse cardiac events. The study group
was 72% male and had an average age of 64 years. The average BMI was
30 kg/m? and the average follow-up period was 3.2 years. Overall, the
study group demonstrated a greater risk of the composite endpoint with
lack of weight loss (relative risk: 1.30, 95% CI: 1.00-1.69, P =0.05).
However, intentional weight loss was associated with improved outcomes
(relative risk: 0.67, 95%CI: 0.56-0.80, P < 0.001), whereas observational
weight loss was associated with worse outcomes (relative risk: 1.62, 95%
CI: 1.06-2.08, P < 0.001). Although data are limited concerning the
effect of intentional weight loss on CVD outcomes these studies suggest
that intentional weight loss may improve prognosis in patients with CVD
in patients who are OW or obese. However, it is clear further investiga-
tions are required to verify the findings in these studies.

Curr Probl Cardiol, 00 2020 17



CONCLUSIONS

OW and obesity are closely linked to both traditional and novel risk
factors for CVD Central obesity is an important component of the MetS.
Epidemiologic studies suggest an association between OW/obesity and
CVD including CHD and its complications. This is particularly true of
patients with central obesity. The evidence is less robust in studies
derived from autopsy and coronary angiographic data. Obesity is classi-
fied as an independent risk factor of CVD. There is substantial evidence
to support the existence of an obesity paradox with respect to total and
CVD mortality. Low CREF facilitates the development all-cause and CVD
mortality in patients with CHD who are OW or obese. Preserved CRF
and physical activity attenuates the adverse effects of OW and obesity on
all-cause and CVD mortality. Although intentional weight loss can favor-
ably modify many CVD risk factors, evidence of an association between
weight reduction and improvement in CVD outcomes remains sparse.

Avuthors’ contributions

Natraj Katta, MD: conceptualization, data collection, writing of orig-
inal draft, review and editing; Troy Loethen, MD: data collection, writ-
ing original draft, review and editing; Carl J. Lavie, MD:
conceptualization, data collection, writing original draft, review and edit-
ing; Martin A. Alpert, MD: supervisor, conceptualization, data collec-
tion, writing first draft, review and editing.

Funding

None.

Conflicts of interest

None of the authors reports actual or potential conflicts of or compet-
ing interests related to contents of this manuscript.

REFERENCES

1. Poirier P, Giles TD, Bray GA, et al. Obesity and cardiovascular disease: pathophysi-
ology, evaluation, and effect of weight loss: an update of the 1997 American Heart
Association Scientific Statement on obesity and Heart Disease from the Obesity
Committee of the Council on Nutrition, Physical Activity, and Metabolism. Circula-
tion 2006;113:898-918.

2. Koliaki C, Liatis S, Kokkinos A. Obesity and cardiovascular disease: revisiting an
old relationship. Metab Clin Experiment 2019;92:98—-107.

18 Curr Probl Cardiol, 00 2020


http://refhub.elsevier.com/S0146-2806(20)30132-8/sbref0001
http://refhub.elsevier.com/S0146-2806(20)30132-8/sbref0001
http://refhub.elsevier.com/S0146-2806(20)30132-8/sbref0001
http://refhub.elsevier.com/S0146-2806(20)30132-8/sbref0001
http://refhub.elsevier.com/S0146-2806(20)30132-8/sbref0001
http://refhub.elsevier.com/S0146-2806(20)30132-8/sbref0002
http://refhub.elsevier.com/S0146-2806(20)30132-8/sbref0002

ARTICLE IN PRESS

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

. Poirier P, Eckel RH. Obesity and cardiovascular disease. Curr Atheroscler Rep

2002;4:448-53.

. Alexander JK. Obesity and coronary heart disease. Am J Med Sci 2001;321:215-24.
. Barrett-Connor EL. Obesity atherosclerosis and coronary heart disease. Ann Intern

Med 1985;103:1010-9.

. Jahangir E, DeSchutter A, Lavie CJ. The relation between obesity and coronary

artery disease. Translational Res 2014;164:336-44.

. Alpert MA. Obesity and cardiac disease. In: Ahima RS, ed. Metabolic Syndrome: A

Comprehensive Textbook, New York: Springer; 2016:619-36.

. Krauss R, Winston M. Obesity impact on cardiovascular disease. Circulation

1998:;98:1472-6.

. Miller MT, Lavie CJ, White CJ. Impact of obesity on the pathogeneses and progno-

sis of coronary heart disease. J Cardiometabolic Syndr 2008;3:162-7.

World Health Organization Technical REPORT 894. Obesity: Preventing and Man-
aging the Global Epidemic. Geneva: World Health Organization; 2000.

Bastien N, Poirier P, Lemieux I. Despres JP Overview of epidemiology and contri-
bution of obesity to cardiovascular disease. Prog Cardiovasc Dis 2014;56:369-81.
Grundy SM, Cleeman JI, Daniels SR, et al. Diagnosis and management of the meta-
bolic syndrome. Circulation 2005;112:2735-52.

Freedman DS, Dietz WH, Srinivasan SR, et al. The relation of overweight to cardio-
vascular risk factors among children and adolescents: the Bogalusa Heart Study.
Pediatrics 1999;103:1175-81.

Berenson G, Wattigney W, Tracy R, et al. Atherosclerosis of the aorta and coronary
arteries and cardiovascular risk factors in persons age 6 to 30 years and studied at
necropsy (the Bogalusa Heart Study). Am J Cardiol 1992;70:851-8.

Despres JP. Body fat distribution and risk of cardiovascular disease: an update. Cir-
culation 2012;126:1301-13.

Emerging Risk Factors Collaboration, Wormser D, Kaptoge S, Di Angelantonio S,
et al. Separate and combined associations of body-mass index and abdominal adi-
posity with cardiovascular disease: collaborative analysis of 58 prospective studies.
Lancet 2011;377:1085-95.

Lakka HM, Laaksonen D, Lakka T, et al. The metabolic syndrome and total and car-
diovascular disease mortality in middle-age men. ] Am Med Assoc. 288:2709-2016,
Isomaa B, Almgren P, Tuomi T, et al. Cardiovascular morbidity and mortality asso-
ciated with the metabolic syndrome. Diabetes Care 2001;24:683-9.

Schulte H, Cullen P, Assmann G. Obesity mortality and cardiovascular disease in the
Munster Heart Study (PROCAM). Atherosclerosis 1999;144:199-209.

27th Bethesda Conference. Matching the intensity of risk factor management with the haz-
ard for coronary disease events. September 14-15, 1995. J Am Coll Cardiol 1996;27:957.
Hubert HB, Feinleib M, McNamara PM, Castelli WP. Obesity as an independent
risk factor for cardiovascular disease: a 26-year follow-up of participants in the Fra-
mingham Heart Study. Circulation 1983;67:968-77.

Curr Probl Cardiol, 00 2020 19


http://refhub.elsevier.com/S0146-2806(20)30132-8/sbref0003
http://refhub.elsevier.com/S0146-2806(20)30132-8/sbref0003
http://refhub.elsevier.com/S0146-2806(20)30132-8/sbref0004
http://refhub.elsevier.com/S0146-2806(20)30132-8/sbref0005
http://refhub.elsevier.com/S0146-2806(20)30132-8/sbref0005
http://refhub.elsevier.com/S0146-2806(20)30132-8/sbref0006
http://refhub.elsevier.com/S0146-2806(20)30132-8/sbref0006
http://refhub.elsevier.com/S0146-2806(20)30132-8/sbref0007
http://refhub.elsevier.com/S0146-2806(20)30132-8/sbref0007
http://refhub.elsevier.com/S0146-2806(20)30132-8/sbref0008
http://refhub.elsevier.com/S0146-2806(20)30132-8/sbref0008
http://refhub.elsevier.com/S0146-2806(20)30132-8/sbref0009
http://refhub.elsevier.com/S0146-2806(20)30132-8/sbref0009
http://refhub.elsevier.com/S0146-2806(20)30132-8/sbref0010
http://refhub.elsevier.com/S0146-2806(20)30132-8/sbref0010
http://refhub.elsevier.com/S0146-2806(20)30132-8/sbref0011
http://refhub.elsevier.com/S0146-2806(20)30132-8/sbref0011
http://refhub.elsevier.com/S0146-2806(20)30132-8/sbref0012
http://refhub.elsevier.com/S0146-2806(20)30132-8/sbref0012
http://refhub.elsevier.com/S0146-2806(20)30132-8/sbref0013
http://refhub.elsevier.com/S0146-2806(20)30132-8/sbref0013
http://refhub.elsevier.com/S0146-2806(20)30132-8/sbref0013
http://refhub.elsevier.com/S0146-2806(20)30132-8/sbref0014
http://refhub.elsevier.com/S0146-2806(20)30132-8/sbref0014
http://refhub.elsevier.com/S0146-2806(20)30132-8/sbref0014
http://refhub.elsevier.com/S0146-2806(20)30132-8/sbref0015
http://refhub.elsevier.com/S0146-2806(20)30132-8/sbref0015
http://refhub.elsevier.com/S0146-2806(20)30132-8/sbref0016
http://refhub.elsevier.com/S0146-2806(20)30132-8/sbref0016
http://refhub.elsevier.com/S0146-2806(20)30132-8/sbref0016
http://refhub.elsevier.com/S0146-2806(20)30132-8/sbref0016
http://refhub.elsevier.com/S0146-2806(20)30132-8/sbref0018
http://refhub.elsevier.com/S0146-2806(20)30132-8/sbref0018
http://refhub.elsevier.com/S0146-2806(20)30132-8/sbref0019
http://refhub.elsevier.com/S0146-2806(20)30132-8/sbref0019
http://refhub.elsevier.com/S0146-2806(20)30132-8/sbref0020
http://refhub.elsevier.com/S0146-2806(20)30132-8/sbref0020
http://refhub.elsevier.com/S0146-2806(20)30132-8/sbref0021
http://refhub.elsevier.com/S0146-2806(20)30132-8/sbref0021
http://refhub.elsevier.com/S0146-2806(20)30132-8/sbref0021

ARTICLE IN PRESS

22.

23.

24.

25.

26.

217.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

20

Harris T, Cook F, Garrison R, et al. Body mass index and mortality among non-
smoking older persons. The Framingham Heart Study. J Am Med Assoc.
1998;259:1520-4.

Kannel W, Cupples L, Ramaswami R, et al. Regional obesity and risk of cardiovas-
cular disease: the Framingham study. J Clin Epidemiol 1991;44:183-90.

Kannel W, D Agostino R, Cobb J. Effect of weight on cardiovascular disease. Am J
Clin Nutrition 1996;63:5419-21.

Wilson PW, D’Agostino RB, Sullivan L, Parise H, Kannel WB. Overweight and
obesity as determinants of cardiovascular risk: the Framingham experience. Arch
Intern Med 2002;162:1867-72.

Manson JE, Colditz GA, Stampfer MJ, et al. A prospective study of obesity and risk
of coronary heart disease in women. N Engl J Med 1990;322:822-9.

Manson J, Willett W, Stampfer M, et al. Body weight and mortality among women.
N Engl J Med 1995;333:677-85.

Willett W, Manson J, Stampfer M, et al. Weight, weight change and coronary heart
disease in women. J Am Med Assoc 1995;276:461-5.

Rexrode K, Hennekens C, Willett W, et al. A prospective study of body mass index,
weight change, and risk of stroke in women. J Am Med Assoc 1995;277:1539-45.
Cho E, Colditz G, Manson J, et al. A prospective study of obesity and risk of coro-
nary heart disease among diabetic women. Diabetes Care 2002;35:1142-8.

Baik I, Ascherio A, Rimm E, et al. Adiposity and mortality in men. Am J Epidemiol
2000;152:264-71.

Field A, Coakley E, Must A, et al. Impact of overweight on the risk of developing com-
mon chronic diseases during a 10-year period. Arch Intern Med 2001;161:1581-6.
Harris T, Ballard-Barbasch R, Madans J, et al. Overweight, weight loss and risk of
coronary heart disease in older women. Am J Epidemiol 1993;137:1318-27.

Harris T, Launer L, Madans J, et al. Cohort study of effect of being overweight and
change in weight on risk of coronary heart disease in old age. Br Med J
1997;314:1791-2.

Calle EE, Thun MJ, Petielli JM, et al. Body mass index and mortality in a prospec-
tive cohort of U.S. adults. N Engl J Med 1999;341:1097-105.

Adams-Campbell K, Pensiton RL, Kim KS, Nensa E. Body mass index and coronary
artery disease in African-Americans. Obes Res 1995;3:215-9.

Zhou B, Wu Y, LiY, et al. Overweight is an independent risk factor for cardiovascu-
lar disease in Chinese populations. Obes Rev 2002;3:147-56.

Rabkin SW, Mathewson FA, Hsu PH. Relation of body weight of development of
ischemic heart disease in a cohort of young North American men after a 26-year
observation period: the Manitoba Study. Am J Cardiol 1977;39:452-8.

Kramer CK, Zinman B, Retnakaran R. Are metabolically healthy overweight and
obesity benign conditions? A systematic review and meta-analysis. Ann Intern Med
2013;159:758-69.

Thomsen M, Nordestgaard BG. Myocardial infarction and ischemic heart disease in
overweight and obesity with and without metabolic syndrome. J Am Med Assoc:
Intern Med 2014;174:15-22.

Curr Probl Cardiol, 00 2020


http://refhub.elsevier.com/S0146-2806(20)30132-8/sbref0022
http://refhub.elsevier.com/S0146-2806(20)30132-8/sbref0022
http://refhub.elsevier.com/S0146-2806(20)30132-8/sbref0022
http://refhub.elsevier.com/S0146-2806(20)30132-8/sbref0023
http://refhub.elsevier.com/S0146-2806(20)30132-8/sbref0023
http://refhub.elsevier.com/S0146-2806(20)30132-8/sbref0024
http://refhub.elsevier.com/S0146-2806(20)30132-8/sbref0024
http://refhub.elsevier.com/S0146-2806(20)30132-8/sbref0025
http://refhub.elsevier.com/S0146-2806(20)30132-8/sbref0025
http://refhub.elsevier.com/S0146-2806(20)30132-8/sbref0025
http://refhub.elsevier.com/S0146-2806(20)30132-8/sbref0025
http://refhub.elsevier.com/S0146-2806(20)30132-8/sbref0026
http://refhub.elsevier.com/S0146-2806(20)30132-8/sbref0026
http://refhub.elsevier.com/S0146-2806(20)30132-8/sbref0027
http://refhub.elsevier.com/S0146-2806(20)30132-8/sbref0027
http://refhub.elsevier.com/S0146-2806(20)30132-8/sbref0028
http://refhub.elsevier.com/S0146-2806(20)30132-8/sbref0028
http://refhub.elsevier.com/S0146-2806(20)30132-8/sbref0029
http://refhub.elsevier.com/S0146-2806(20)30132-8/sbref0029
http://refhub.elsevier.com/S0146-2806(20)30132-8/sbref0030
http://refhub.elsevier.com/S0146-2806(20)30132-8/sbref0030
http://refhub.elsevier.com/S0146-2806(20)30132-8/sbref0031
http://refhub.elsevier.com/S0146-2806(20)30132-8/sbref0031
http://refhub.elsevier.com/S0146-2806(20)30132-8/sbref0032
http://refhub.elsevier.com/S0146-2806(20)30132-8/sbref0032
http://refhub.elsevier.com/S0146-2806(20)30132-8/sbref0033
http://refhub.elsevier.com/S0146-2806(20)30132-8/sbref0033
http://refhub.elsevier.com/S0146-2806(20)30132-8/sbref0034
http://refhub.elsevier.com/S0146-2806(20)30132-8/sbref0034
http://refhub.elsevier.com/S0146-2806(20)30132-8/sbref0034
http://refhub.elsevier.com/S0146-2806(20)30132-8/sbref0035
http://refhub.elsevier.com/S0146-2806(20)30132-8/sbref0035
http://refhub.elsevier.com/S0146-2806(20)30132-8/sbref0036
http://refhub.elsevier.com/S0146-2806(20)30132-8/sbref0036
http://refhub.elsevier.com/S0146-2806(20)30132-8/sbref0037
http://refhub.elsevier.com/S0146-2806(20)30132-8/sbref0037
http://refhub.elsevier.com/S0146-2806(20)30132-8/sbref0038
http://refhub.elsevier.com/S0146-2806(20)30132-8/sbref0038
http://refhub.elsevier.com/S0146-2806(20)30132-8/sbref0038
http://refhub.elsevier.com/S0146-2806(20)30132-8/sbref0039
http://refhub.elsevier.com/S0146-2806(20)30132-8/sbref0039
http://refhub.elsevier.com/S0146-2806(20)30132-8/sbref0039
http://refhub.elsevier.com/S0146-2806(20)30132-8/sbref0040
http://refhub.elsevier.com/S0146-2806(20)30132-8/sbref0040
http://refhub.elsevier.com/S0146-2806(20)30132-8/sbref0040

ARTICLE IN PRESS

41.

42.

43.

44.

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

Jousilahti P, Tumilehto J, Vartiainen E, et al. Body weight, cardiovascular risk fac-
tors, and coronary mortality. 15-year follow-up of middle-aged men and women in
Eastern Finland. Circulation 1996;93:1372-9.

Spataro J, Dyer A, Stamler J, et al. Measures of adiposity and coronary heart disease
mortality in the Chicago Western Electric Company Study. J Clin Epidemiol
1996;49:849-57.

Stevens J, Keil JE, Rust PF, et al. Body mass index and body girth as predictors of
mortality in black and white women. Arch Intern Med 1992;52:1557-62.

Singh P, Landsted K. Body mass and 26-year risk of mortality from specific diseases
among women who never smoked. Epidemiology 1998;9:246-54.

Shaper A, Wannamethee S, Walker M. Body weight: implications for the prevention
of coronary heart disease, stroke and diabetes mellitus in a cohort study of middle-
aged men. Br Med J 1997;314:1311-7.

Brown WJ, Dobson AJ, Mishra G. What is healthy weight for middle-aged women?
Internat J Obes Metab Disord 1998;22:520-5.

Benedetto U, Danese C, Codispoti M. Obesity paradox in coronary artery bypass:
myth or reality? J Thorac Cardiovasc Surg 2014;147:1517-23.

Yusuf S, Hawken S, Ounpuu S, et al. Obesity and the risk of myocardial infarction in
27,000 participations from 52 countries: a case-control study. Lancet 2005;366:1640-52.
Yusuf S, Hawken S, Ounpuu S, et al. Effect of potentially modifiable risk factors
associated with myocardial infarction in 52 countries (the INTERHEART study):
case-control study. Lancet 2004;364:937-52.

Rao S, Donahue M, Pi-Sunyer F, et al. Obesity as a risk factor in coronary artery dis-
ease. Am Heart J 2001;142:1102-7.

Hamer M, Stamatakis E. Metabolically healthy obesity and risk of all-cause and car-
diovascular disease mortality. J Clin Endocrinol Metab 2012;97:2482-8.

Kahn H, Austin H, Williamson D, et al. Simple anthropometric indices associated
with ischemic heart disease. J Clin Epidemiol 1996;49:1017-24.

Rexrode K, Carey V, Hennekens C, et al. Abdominal adiposity and coronary heart
disease. J Am Med Assoc 1998;280:1843-8.

Coutinho T, Goel K, Correa de So D, et al. Combining body mass index with meas-
ures of central obesity in the assessment of mortality in subjects with coronary artery
disease. Role of normal weight central obesity. J Am Coll Cardiol. 2013;61:555-60.
Sharma S, Batsis JA, Coutinho T, et al. Normal weight central obesity and mortality
risk in older adults with coronary artery disease. Mayo Clin Proc 2016;91:343-51.
Zhang C, Rexrode KM, van Dam RM, et al. Abdominal obesity the risk of all-cause,
and cancer mortality: sixteen years of follow-up in U.S. women. Circulation
2008;117:1658-67.

Rimm E, Stampfer M, Giovannucci E, et al. Body size and fat distribution as predic-
tors of coronary heart disease among middle-aged and older U.S. men. Am J Epide-
miol 1995;141:1117-27.

Fontela PC, Winkelmann ER, Nazurio Viecili PR. Study of conicity index, body
mass index and waist circumference as predictors of coronary artery disease. Revista
Portuguesa de Cardiologia 2017;36:357-64.

Curr Probl Cardiol, 00 2020 21


http://refhub.elsevier.com/S0146-2806(20)30132-8/sbref0041
http://refhub.elsevier.com/S0146-2806(20)30132-8/sbref0041
http://refhub.elsevier.com/S0146-2806(20)30132-8/sbref0041
http://refhub.elsevier.com/S0146-2806(20)30132-8/sbref0042
http://refhub.elsevier.com/S0146-2806(20)30132-8/sbref0042
http://refhub.elsevier.com/S0146-2806(20)30132-8/sbref0042
http://refhub.elsevier.com/S0146-2806(20)30132-8/sbref0043
http://refhub.elsevier.com/S0146-2806(20)30132-8/sbref0043
http://refhub.elsevier.com/S0146-2806(20)30132-8/sbref0044
http://refhub.elsevier.com/S0146-2806(20)30132-8/sbref0044
http://refhub.elsevier.com/S0146-2806(20)30132-8/sbref0045
http://refhub.elsevier.com/S0146-2806(20)30132-8/sbref0045
http://refhub.elsevier.com/S0146-2806(20)30132-8/sbref0045
http://refhub.elsevier.com/S0146-2806(20)30132-8/sbref0046
http://refhub.elsevier.com/S0146-2806(20)30132-8/sbref0046
http://refhub.elsevier.com/S0146-2806(20)30132-8/sbref0047
http://refhub.elsevier.com/S0146-2806(20)30132-8/sbref0047
http://refhub.elsevier.com/S0146-2806(20)30132-8/sbref0048
http://refhub.elsevier.com/S0146-2806(20)30132-8/sbref0048
http://refhub.elsevier.com/S0146-2806(20)30132-8/sbref0049
http://refhub.elsevier.com/S0146-2806(20)30132-8/sbref0049
http://refhub.elsevier.com/S0146-2806(20)30132-8/sbref0049
http://refhub.elsevier.com/S0146-2806(20)30132-8/sbref0050
http://refhub.elsevier.com/S0146-2806(20)30132-8/sbref0050
http://refhub.elsevier.com/S0146-2806(20)30132-8/sbref0051
http://refhub.elsevier.com/S0146-2806(20)30132-8/sbref0051
http://refhub.elsevier.com/S0146-2806(20)30132-8/sbref0052
http://refhub.elsevier.com/S0146-2806(20)30132-8/sbref0052
http://refhub.elsevier.com/S0146-2806(20)30132-8/sbref0053
http://refhub.elsevier.com/S0146-2806(20)30132-8/sbref0053
http://refhub.elsevier.com/S0146-2806(20)30132-8/sbref0054
http://refhub.elsevier.com/S0146-2806(20)30132-8/sbref0054
http://refhub.elsevier.com/S0146-2806(20)30132-8/sbref0054
http://refhub.elsevier.com/S0146-2806(20)30132-8/sbref0055
http://refhub.elsevier.com/S0146-2806(20)30132-8/sbref0055
http://refhub.elsevier.com/S0146-2806(20)30132-8/sbref0056
http://refhub.elsevier.com/S0146-2806(20)30132-8/sbref0056
http://refhub.elsevier.com/S0146-2806(20)30132-8/sbref0056
http://refhub.elsevier.com/S0146-2806(20)30132-8/sbref0057
http://refhub.elsevier.com/S0146-2806(20)30132-8/sbref0057
http://refhub.elsevier.com/S0146-2806(20)30132-8/sbref0057
http://refhub.elsevier.com/S0146-2806(20)30132-8/sbref0058
http://refhub.elsevier.com/S0146-2806(20)30132-8/sbref0058
http://refhub.elsevier.com/S0146-2806(20)30132-8/sbref0058

ARTICLE IN PRESS

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.
72.

73.

74.

75.

76.

7.

22

Dulcimetriere P, Richard JL, Combien F. The pattern of subcutaneous fat distribu-
tion in middle-aged men and risk of coronary heart disease. The Paris prospective
study. Int J Obes. 1986;10:229-402.

Larsson K, Svardsudd L, Welin L, Wilhelm L, Bjorntrop P, Tibblen G. Abdominal
adipose distribution, obesity, and risk of cardiovascular disease and death: 13-year
follow-up of the study of men born in 1913. Br Med J 1984;12:1401-4.

Prineas RJ, Folsom AR, Kay SA. Central obesity and increased risk of coronary
heart disease mortality in older women. Am J Epidemiol 1993;3:35-41.

Jonsson S, Hedblad B, Engstrom G, Nilsson P, Bergland G, Janzon L. Influence of
obesity on cardiovascular risk. Twenty-three-year follow-up of 22,025 men from an
urban Swedish population. Int J Obes 2002;26:1046-53.

Terry RB, Page WF, Haskell WC. Waist-hip ratio, body mass index and premature
cardiovascular disease mortality in US Army veterans during a 23-year follow-up
study. J Obes 1992;16:417-28.

Bengtsson C, Bjorklund C, Lapidus L, Lissner L. Associations of severe lipid con-
centrations and obesity with mortality in women: 20-year follow-up of participants
in prospective population study in Gothenburg, Sweden. BMJ 1993;307:1385-9.
Lakka HM, Lakka TA, Toumilehto J, Salonen JT. Abdominal obesity is associated
with increased risk of acute coronary events in men. Eur Heart J. 23:706-713,
Wellborn TA, Dhaliwal SS, Bennett SA. Waist-hip ratio is the dominant risk factor
precipitation cardiovascular death in Australia. Med J Austral 2003;179:580-5.
Lapidus L, Bengtsson C, Larrsson B, Pennert K, Rybo E, Sjostrum L. Distribution of adi-
pose tissue and risk of cardiovascular disease and death: a 12-year follow-up of partici-
pants in the population study of women in Gothenburg, Swede. BMJ 1984;285:1257-61.
Curb JP, Marcus EB. Body fat, coronary heart disease, and stroke in Japanese men.
Am J Clin Nutr 1991;53:1612s-5s.

Yarnell JW, Patterson CC, Thomas HF, Sweetnam PM. Central obesity: predictive
value of skinfold measurements for subsequent ischemic heart disease at 14 years
follow-up in the Caerphilly Study. Int J Obes Relat Metab Disord 2001;25:1546-9.
Montenegro MR, Salsberg LA. Obesity, body weight, body length and atherosclero-
sis. Lab Invest 1968;18:594-603.

Sternby NH. Atherosclerosis and body build. Bull WHO 1976;53:601-4.

Giertsen JC. Atherosclerosis in an autopsy series. Acta Pathol Microbiol Scand
1966;67:305-21.

Ackerman RF, Dry TJ, Edwards JE. Relationship of various factors to degree of cor-
onary atherosclerosis in women. Circulation 1950;1:1345-50.

Yater WM, Traum AH, Spring S, et al. Coronary artery disease in men 18-39 years
of age. Am Heart J 1948;36:334-72.

Lee KT, Thomas WA. Relationship of body weight to acute myocardial infarction.
Am Heart J 1956;52:581-91.

Wilens SL. Bearing of general nutritional state on atherosclerosis. Arch Intern Med
1947;79:129-47.

McGill HC, Jr., McMahan CA, Herderick EE, et al. Obesity accelerates the progres-
sion of coronary atherosclerosis in young men. Circulation 2002;105:2712-8.

Curr Probl Cardiol, 00 2020


http://refhub.elsevier.com/S0146-2806(20)30132-8/sbref0059
http://refhub.elsevier.com/S0146-2806(20)30132-8/sbref0059
http://refhub.elsevier.com/S0146-2806(20)30132-8/sbref0059
http://refhub.elsevier.com/S0146-2806(20)30132-8/sbref0060
http://refhub.elsevier.com/S0146-2806(20)30132-8/sbref0060
http://refhub.elsevier.com/S0146-2806(20)30132-8/sbref0060
http://refhub.elsevier.com/S0146-2806(20)30132-8/sbref0061
http://refhub.elsevier.com/S0146-2806(20)30132-8/sbref0061
http://refhub.elsevier.com/S0146-2806(20)30132-8/sbref0062
http://refhub.elsevier.com/S0146-2806(20)30132-8/sbref0062
http://refhub.elsevier.com/S0146-2806(20)30132-8/sbref0062
http://refhub.elsevier.com/S0146-2806(20)30132-8/sbref0063
http://refhub.elsevier.com/S0146-2806(20)30132-8/sbref0063
http://refhub.elsevier.com/S0146-2806(20)30132-8/sbref0063
http://refhub.elsevier.com/S0146-2806(20)30132-8/sbref0064
http://refhub.elsevier.com/S0146-2806(20)30132-8/sbref0064
http://refhub.elsevier.com/S0146-2806(20)30132-8/sbref0064
http://refhub.elsevier.com/S0146-2806(20)30132-8/sbref0066
http://refhub.elsevier.com/S0146-2806(20)30132-8/sbref0066
http://refhub.elsevier.com/S0146-2806(20)30132-8/sbref0067
http://refhub.elsevier.com/S0146-2806(20)30132-8/sbref0067
http://refhub.elsevier.com/S0146-2806(20)30132-8/sbref0067
http://refhub.elsevier.com/S0146-2806(20)30132-8/sbref0068
http://refhub.elsevier.com/S0146-2806(20)30132-8/sbref0068
http://refhub.elsevier.com/S0146-2806(20)30132-8/sbref0069
http://refhub.elsevier.com/S0146-2806(20)30132-8/sbref0069
http://refhub.elsevier.com/S0146-2806(20)30132-8/sbref0069
http://refhub.elsevier.com/S0146-2806(20)30132-8/sbref0070
http://refhub.elsevier.com/S0146-2806(20)30132-8/sbref0070
http://refhub.elsevier.com/S0146-2806(20)30132-8/sbref0071
http://refhub.elsevier.com/S0146-2806(20)30132-8/sbref0072
http://refhub.elsevier.com/S0146-2806(20)30132-8/sbref0072
http://refhub.elsevier.com/S0146-2806(20)30132-8/sbref0073
http://refhub.elsevier.com/S0146-2806(20)30132-8/sbref0073
http://refhub.elsevier.com/S0146-2806(20)30132-8/sbref0074
http://refhub.elsevier.com/S0146-2806(20)30132-8/sbref0074
http://refhub.elsevier.com/S0146-2806(20)30132-8/sbref0075
http://refhub.elsevier.com/S0146-2806(20)30132-8/sbref0075
http://refhub.elsevier.com/S0146-2806(20)30132-8/sbref0076
http://refhub.elsevier.com/S0146-2806(20)30132-8/sbref0076
http://refhub.elsevier.com/S0146-2806(20)30132-8/sbref0077
http://refhub.elsevier.com/S0146-2806(20)30132-8/sbref0077

ARTICLE IN PRESS

78.

79.

80.

81.

82.

83.

84.

85.

86.

87.

88.

89.

90.

91.

92.

93.

94.

95.

96.

McGill HC, Jr., McMahan CA, Mulcom GT, Oalmanin MC, Strong JP. Relation of gly-
cohemoglobin and adiposity to atherosclerosis in youth. Pathobiological determinates of
atherosclerosis in youth. Atherosclerosis Thomb Vasc Biol. 1995;15:431-40.

Strong JP, Oalmann MC, Newman WP, II, et al. Coronary heart disease in young
black and white males in New Orleans Community Pathology Study. Am Heart J
1984;108:747-59.

Patel YC, Egger DA, Strong JP. Obesity, smoking, and atherosclerosis. A study of
interactions. Atherosclerosis 1981;36:481-90.

Smith CY, Bailey KR, Emerson JA, et al. Contributions of increasing obesity and
diabetes to slowing decline in subclinical coronary artery disease. J Am Heart Assoc
2015;4:e001524 http://dx.doi.org/10.1161/JAHA.114.001524.

Bjurulf P. Atherosclerosis and body build. Acta Med Scand 1959;349(Suppl):1-99.
Rhoads G Kagan A. The relation of coronary disease, stroke and morality to weight
in youth and in middle age. Lancet 1983;16:492-5.

Wilkens RH, Roberts JC, Jr., Moser C. Autopsy studies in atherosclerosis. Circula-
tion 1959;20:527-36.

Reed D, Yano K. Predictors of arteriographically defined coronary stenosis in the
Honolulu Heart Program. Am J Epidemiol 1991;134:111-22.

Cramer K, Paulin S, Werko L. Coronary angiographic findings in correlation with
age, body weight, blood pressure, serum lipids, and smoking habits. Circulation
1966;33:888-900.

Stalls CM, Triplette MA, Viera AJ, et al. The association between body mass index
and coronary artery disease severity: a comparison of black and white patients. Am
Heart J 2014;167:514-20.

Hujamuta K, Toshima H, Koga Y, et al. Relationship between coronary risk factor
and arteriographic feature of coronary atherosclerosis. Jpn Circ J 1990;45:442-7.
Flynn MA, Cogg MN, Gibney MJ, et al. Indices of obesity and body fat distribution
in arteriographically-defined coronary artery disease in men. Irish J Med Sci
1993;162:503-9.

Rossi R, laccarino D, Nuzzo A, et al. Influence of body mass index on extent of cor-
onary atherosclerosis and cardiac events in a cohort of patients at risk of coronary
artery disease. Nutr Metab Cardiovasc Dis 2011;21:86-93.

Morricone L, Ferrari M, Enrini R, et al. Angiographically determined coronary artery dis-
ease in relation to obesity and body fat distribution. Int J Obes. 1996;20(Suppl 4):109—14.
Anderson AJ, Barboriak JJ, Rimm AA. Risk factors and angiographically deter-
mined coronary occlusion. Am J Epidemiol 1978;107:8—-14.

Hauner H, Stangl K, Schmatz C, et al. Body fat distribution in men with angiograph-
ically confirmed coronary artery disease. Atherosclerosis 1990;85:203-10.

Clark LT, Karve NM, Rones KT, et al. Obesity, distribution of body fat and coronary
disease in black women. Am J Cardiol 1994;73:895-6.

Kramer JR, Matsuda Y, Mulligan JC, et al. Progression of coronary atherosclerosis.
Circulation 1991;63:519-26.

Zamboni M, Armellini F, Sheiban I, et al. Relation of body fat distribution in men and
degree of coronary narrowing’s in coronary artery disease. Am J Cardiol 1992;70:1135-8.

Curr Probl Cardiol, 00 2020 23


http://refhub.elsevier.com/S0146-2806(20)30132-8/sbref0078
http://refhub.elsevier.com/S0146-2806(20)30132-8/sbref0078
http://refhub.elsevier.com/S0146-2806(20)30132-8/sbref0078
http://refhub.elsevier.com/S0146-2806(20)30132-8/sbref0079
http://refhub.elsevier.com/S0146-2806(20)30132-8/sbref0079
http://refhub.elsevier.com/S0146-2806(20)30132-8/sbref0079
http://refhub.elsevier.com/S0146-2806(20)30132-8/sbref0080
http://refhub.elsevier.com/S0146-2806(20)30132-8/sbref0080
http://dx.doi.org/10.1161/JAHA.114.001524
http://refhub.elsevier.com/S0146-2806(20)30132-8/sbref0082
http://refhub.elsevier.com/S0146-2806(20)30132-8/sbref0083
http://refhub.elsevier.com/S0146-2806(20)30132-8/sbref0083
http://refhub.elsevier.com/S0146-2806(20)30132-8/sbref0084
http://refhub.elsevier.com/S0146-2806(20)30132-8/sbref0084
http://refhub.elsevier.com/S0146-2806(20)30132-8/sbref0085
http://refhub.elsevier.com/S0146-2806(20)30132-8/sbref0085
http://refhub.elsevier.com/S0146-2806(20)30132-8/sbref0086
http://refhub.elsevier.com/S0146-2806(20)30132-8/sbref0086
http://refhub.elsevier.com/S0146-2806(20)30132-8/sbref0086
http://refhub.elsevier.com/S0146-2806(20)30132-8/sbref0087
http://refhub.elsevier.com/S0146-2806(20)30132-8/sbref0087
http://refhub.elsevier.com/S0146-2806(20)30132-8/sbref0087
http://refhub.elsevier.com/S0146-2806(20)30132-8/sbref0088
http://refhub.elsevier.com/S0146-2806(20)30132-8/sbref0088
http://refhub.elsevier.com/S0146-2806(20)30132-8/sbref0089
http://refhub.elsevier.com/S0146-2806(20)30132-8/sbref0089
http://refhub.elsevier.com/S0146-2806(20)30132-8/sbref0089
http://refhub.elsevier.com/S0146-2806(20)30132-8/sbref0090
http://refhub.elsevier.com/S0146-2806(20)30132-8/sbref0090
http://refhub.elsevier.com/S0146-2806(20)30132-8/sbref0090
http://refhub.elsevier.com/S0146-2806(20)30132-8/sbref0091
http://refhub.elsevier.com/S0146-2806(20)30132-8/sbref0091
http://refhub.elsevier.com/S0146-2806(20)30132-8/sbref0092
http://refhub.elsevier.com/S0146-2806(20)30132-8/sbref0092
http://refhub.elsevier.com/S0146-2806(20)30132-8/sbref0093
http://refhub.elsevier.com/S0146-2806(20)30132-8/sbref0093
http://refhub.elsevier.com/S0146-2806(20)30132-8/sbref0094
http://refhub.elsevier.com/S0146-2806(20)30132-8/sbref0094
http://refhub.elsevier.com/S0146-2806(20)30132-8/sbref0095
http://refhub.elsevier.com/S0146-2806(20)30132-8/sbref0095
http://refhub.elsevier.com/S0146-2806(20)30132-8/sbref0096
http://refhub.elsevier.com/S0146-2806(20)30132-8/sbref0096
http://refhub.elsevier.com/S0146-2806(20)30132-8/sbref0096

ARTICLE IN PRESS

97.

98.

99.

100.

101.

102.

103.

104.

105.

106.

107.

108.

109.

110.

111.

112.

24

Farhang A, Para Z, Jahanshahi B. Is the relationship of body mass index to severity
of coronary artery disease different from that of waist-hip ratio and severity of coro-
nary artery disease? Paradoxical findings. Cardiovasc J Afr 2015;26:13-6.
Alkhawam H, Nguyen J, Sayanlar J, et al. Coronary artery disease in patients with
body mass index > 30 kg/m> a retrospective char analysis. J Comm Hosp Int Med
Perspect 2016. 31483 http://dx.doi.org/10.3402/chimp.v6.31483.

Cepeda-Valery B, Chaudry K, Slipczuk L, et al. Association between obesity and
severity of coronary artery disease at the time of acute myocardial infarction:
another piece of the puzzle in the “obesity paradox”. Int J Cardiol 2014;176:247-9.
Labounty TM, Gomez MJ, Achenbach S, et al. Body mass index the prevalence
severity and risk of coronary artery disease: an international study of 13,874
patients. Eur Heart J. Cardiovasc Imaging. 2013;14:456-63.

Mahoney L, Burns T, Stanford W, et al. Coronary risk factors measure in childhood
and young adult life are associated with coronary artery calcification in young
adults: the Muscatine study. J Am Coll Cardiol 1996;27:277-84.

See R, Abdullah SM, McGuine DK, et al. The association of differing measures of
overweight and obesity with prevalent atherosclerosis. The Dallas heart study. J Am
Coll Cardiol. 2007;50:752-9.

Aljizeeri A, Coutinho T, Pen, et al. Obesity and coronary calcification. Can it
explain the obesity paradox? Int J Cardiovasc Imaging 2015;31:1063-70.

CARDIA Investigators. Duration of obesity linked with coronary artery calcifica-
tion. BMJ 2013;347 https://doi.org/10.1136/bmj.f4682.

Yoon JW, Jung MK, Park HE, et al. Influence of the definition of “metabolically
health obesity” on progression of coronary artery calcification. PLoS ONE 2017.
https://doi.org/10.1371/journal.pone.0178741 June 2.

Chang Y, Kim BK, Yan KE, et al. Metabolically-healthy obesity and coronary artery
calcification. J Am Coll Cardiol 2014;63:2679-86.

Lavie CJ, Milani RV, Ventura HO. Obesity and cardiovascular disease: risk factor,
paradox, and impact of weight loss. J Am Coll Cardiol 2009;53:1925-32.

Wang ZJ, Zhou YJ, Galper BJ, Mauri FG. Association of body mass index with mor-
tality and cardiovascular events: a systematic review and meta-analysis. BMJ.http://
dx.doi.org/10.1136/heartjnl-2014-307119.

Romero-Corral A, Montori VM, Sommers VK, et al. Association of body weight
with total mortality and with cardiovascular events in coronary artery disease: a sys-
tematic review of cohort studies. Lancet 2006;368:666-78.

Das SR, Alexander KP, Chen AY, et al. Impact of body weight and extreme obesity
on the presentation, treatment, and in-hospital outcomes of 50,149 patients with ST-
segment elevation myocardial infarction results from the NCDR (National Cardio-
vascular Data Registry). J Am Coll Cardiol 2011;58:2642-50.

Kragelund C, Hassager C, Hildebrandt P, Torp-Pederssen C, Kober L. Impact of
obesity on long-term prognosis following acute myocardial infarction. Int J Cardiol.
2005:;98:121-31.

Pingitore A, Di BG, Lombardi M, et al. The obesity paradox and myocardial infarct
size. J Cardiovasc Med. 2007;8:713-7.

Curr Probl Cardiol, 00 2020


http://refhub.elsevier.com/S0146-2806(20)30132-8/sbref0097
http://refhub.elsevier.com/S0146-2806(20)30132-8/sbref0097
http://refhub.elsevier.com/S0146-2806(20)30132-8/sbref0097
http://dx.doi.org/10.3402/chimp.v6.31483
http://refhub.elsevier.com/S0146-2806(20)30132-8/sbref0099
http://refhub.elsevier.com/S0146-2806(20)30132-8/sbref0099
http://refhub.elsevier.com/S0146-2806(20)30132-8/sbref0099
http://refhub.elsevier.com/S0146-2806(20)30132-8/sbref0099
http://refhub.elsevier.com/S0146-2806(20)30132-8/sbref0099
http://refhub.elsevier.com/S0146-2806(20)30132-8/sbref0100
http://refhub.elsevier.com/S0146-2806(20)30132-8/sbref0100
http://refhub.elsevier.com/S0146-2806(20)30132-8/sbref0100
http://refhub.elsevier.com/S0146-2806(20)30132-8/sbref0101
http://refhub.elsevier.com/S0146-2806(20)30132-8/sbref0101
http://refhub.elsevier.com/S0146-2806(20)30132-8/sbref0101
http://refhub.elsevier.com/S0146-2806(20)30132-8/sbref0102
http://refhub.elsevier.com/S0146-2806(20)30132-8/sbref0102
http://refhub.elsevier.com/S0146-2806(20)30132-8/sbref0102
http://refhub.elsevier.com/S0146-2806(20)30132-8/sbref0103
http://refhub.elsevier.com/S0146-2806(20)30132-8/sbref0103
https://doi.org/10.1136/bmj.f4682
https://doi.org/10.1371/journal.pone.0178741
http://refhub.elsevier.com/S0146-2806(20)30132-8/sbref0106
http://refhub.elsevier.com/S0146-2806(20)30132-8/sbref0106
http://refhub.elsevier.com/S0146-2806(20)30132-8/sbref0107
http://refhub.elsevier.com/S0146-2806(20)30132-8/sbref0107
http://dx.doi.org/10.1136/heartjnl-2014-307119
http://dx.doi.org/10.1136/heartjnl-2014-307119
http://refhub.elsevier.com/S0146-2806(20)30132-8/sbref0109
http://refhub.elsevier.com/S0146-2806(20)30132-8/sbref0109
http://refhub.elsevier.com/S0146-2806(20)30132-8/sbref0109
http://refhub.elsevier.com/S0146-2806(20)30132-8/sbref0110
http://refhub.elsevier.com/S0146-2806(20)30132-8/sbref0110
http://refhub.elsevier.com/S0146-2806(20)30132-8/sbref0110
http://refhub.elsevier.com/S0146-2806(20)30132-8/sbref0110
http://refhub.elsevier.com/S0146-2806(20)30132-8/sbref0111
http://refhub.elsevier.com/S0146-2806(20)30132-8/sbref0111
http://refhub.elsevier.com/S0146-2806(20)30132-8/sbref0111
http://refhub.elsevier.com/S0146-2806(20)30132-8/sbref0112
http://refhub.elsevier.com/S0146-2806(20)30132-8/sbref0112

ARTICLE IN PRESS

113.

114.

115.

116.

117.

118.

119.

120.

121.

122.

123.

124.

125.

126.

Mehta L, Devlin W, McCullough PA, et al. Impact of body mass index on outcomes
after percutaneous coronary intervention in patients with acute myocardial infarc-
tion. Am J Cardiol 2007;99:906-10.

Gruberg L, Weissman NJ, Wakman R, et al. The impact of obesity on the short-term
and long-term outcomes after percutaneous coronary intervention: the obesity para-
dox? J Am Coll Cardiol 2002;39:578-84.

Li YH, Lin GM, Lin CL, Wang JH, Han CL. Relation of body mass index to mortal-
ity among patients with percutaneous coronary intervention longer than 5 years fol-
low-up: a meta-analysis. Int J Cardiol 2013;168:4315-8.

Lancefield T, Clark DJ, Andrianopoulos N, et al. Is there an obesity paradox after
percutaneous coronary intervention in the contemporary era? An analysis from a
multicenter Australian registry. Cardiovasc Interv 2010;3:660-8.

Park DW, Kim YH, Yun SC, et al. Association of body mass index with major car-
diovascular events and with mortality after percutaneous coronary intervention. Circ
Cardiovasc Interv 2013;6:146-53.

Sarno G, Raber L, Onuma Y, et al. Impact of body mass index on the five-year out-
come of patients having percutaneous coronary interventions with drug eluting
stents. Am J Cardiol 2011;108:195-201.

Nikolsky E, Kosinski E, Mishkel GJ, et al. Impact of obesity on revascularization
and restenosis rates after bare-mental and drug-eluting stent implantation (from the
TAXUS-IV trial). Am J Cardiol 2005;95:709-15.

Wang ZJ, Zhou YJ, Zhao YX, et al. Effect of obesity on repeat revascularization in
patients undergoing percutaneous coronary intervention with drug-eluting stents.
Obesity 2012;20:141-6.

Sarno G, Garg S, Onuma Y, et al. The impact of body mass index on the one-year out-
comes of patients treated by percutaneous coronary intervention with Biolimus-and
Siroliums-eluting stents (from the LEADERS Trial). Am J Cardiol 2010;105:475-9.
Akin I, Tolg R, Hochadel M, et al. No evidence of “obesity paradox” after treatment
with drug-eluting stents in a routine clinical practice: results from prospective multi-
center German DES DE (German Drug-Eluting Stent) Registry. J Am Coll Cardiol:
Cardiovasc Interv 2012;5:162-9.

Habib RH, Zacharius A, Schwann TA, Rioron CJ, Durham SJ, Shah A. Effects of
obesity and small body size on operative and long-term outcomes of coronary artery
bypass surgery: a propensity matched analysis. Ann Thorac Surg 2005;79:1976-86.
Terada T, Forhan M, Norris CM, et al. Differences in short- and long-term mortality
associated with BMI coronary revascularization. J Am Heart Assoc 2017 http://dx.
doi.org/10.1161/JAHA.116.005335.

Kuduvalli M, Grayson AD, Oo AY, Fabri BM, Abbas R. Risks of morbidity and in
hospital mortality in obese dialysis patients undergoing coronary artery bypass sur-
gery. Eur J Cardiothorac Surg 2002;22:787-93.

Oreopoulos A, Padwal R, Norris CM, Mullen JC, Pretorius V, Kalantar-Zadeh K.
Effect of obesity on short-and long-term mortality postcoronary revascularization: a
meta-analysis. Obesity 2008;16:442-50.

Curr Probl Cardiol, 00 2020 25


http://refhub.elsevier.com/S0146-2806(20)30132-8/sbref0113
http://refhub.elsevier.com/S0146-2806(20)30132-8/sbref0113
http://refhub.elsevier.com/S0146-2806(20)30132-8/sbref0113
http://refhub.elsevier.com/S0146-2806(20)30132-8/sbref0114
http://refhub.elsevier.com/S0146-2806(20)30132-8/sbref0114
http://refhub.elsevier.com/S0146-2806(20)30132-8/sbref0114
http://refhub.elsevier.com/S0146-2806(20)30132-8/sbref0115
http://refhub.elsevier.com/S0146-2806(20)30132-8/sbref0115
http://refhub.elsevier.com/S0146-2806(20)30132-8/sbref0115
http://refhub.elsevier.com/S0146-2806(20)30132-8/sbref0116
http://refhub.elsevier.com/S0146-2806(20)30132-8/sbref0116
http://refhub.elsevier.com/S0146-2806(20)30132-8/sbref0116
http://refhub.elsevier.com/S0146-2806(20)30132-8/sbref0117
http://refhub.elsevier.com/S0146-2806(20)30132-8/sbref0117
http://refhub.elsevier.com/S0146-2806(20)30132-8/sbref0117
http://refhub.elsevier.com/S0146-2806(20)30132-8/sbref0118
http://refhub.elsevier.com/S0146-2806(20)30132-8/sbref0118
http://refhub.elsevier.com/S0146-2806(20)30132-8/sbref0118
http://refhub.elsevier.com/S0146-2806(20)30132-8/sbref0119
http://refhub.elsevier.com/S0146-2806(20)30132-8/sbref0119
http://refhub.elsevier.com/S0146-2806(20)30132-8/sbref0119
http://refhub.elsevier.com/S0146-2806(20)30132-8/sbref0120
http://refhub.elsevier.com/S0146-2806(20)30132-8/sbref0120
http://refhub.elsevier.com/S0146-2806(20)30132-8/sbref0120
http://refhub.elsevier.com/S0146-2806(20)30132-8/sbref0121
http://refhub.elsevier.com/S0146-2806(20)30132-8/sbref0121
http://refhub.elsevier.com/S0146-2806(20)30132-8/sbref0121
http://refhub.elsevier.com/S0146-2806(20)30132-8/sbref0122
http://refhub.elsevier.com/S0146-2806(20)30132-8/sbref0122
http://refhub.elsevier.com/S0146-2806(20)30132-8/sbref0122
http://refhub.elsevier.com/S0146-2806(20)30132-8/sbref0122
http://refhub.elsevier.com/S0146-2806(20)30132-8/sbref0122
http://refhub.elsevier.com/S0146-2806(20)30132-8/sbref0122
http://refhub.elsevier.com/S0146-2806(20)30132-8/sbref0123
http://refhub.elsevier.com/S0146-2806(20)30132-8/sbref0123
http://refhub.elsevier.com/S0146-2806(20)30132-8/sbref0123
http://dx.doi.org/10.1161/JAHA.116.005335
http://dx.doi.org/10.1161/JAHA.116.005335
http://refhub.elsevier.com/S0146-2806(20)30132-8/sbref0125
http://refhub.elsevier.com/S0146-2806(20)30132-8/sbref0125
http://refhub.elsevier.com/S0146-2806(20)30132-8/sbref0125
http://refhub.elsevier.com/S0146-2806(20)30132-8/sbref0126
http://refhub.elsevier.com/S0146-2806(20)30132-8/sbref0126
http://refhub.elsevier.com/S0146-2806(20)30132-8/sbref0126

ARTICLE IN PRESS

127.

128.

129.

130.

131.

132.

133.

134.

135.

136.

137.

138.

139.

140.

141.

26

Stamou SC, Nussbaum M, Stiegel RM, et al. Effect of body mass index on outcomes
after cardiac surgery: is there an obesity paradox. Ann Thorac Surg 2011;91:42-7.
Wagner BD, Grunwald GK, Rumsfeld JS, et al. Relationship of body mass index
with outcomes after coronary artery bypass graft surgery. Ann Thorac Surg
2007;84:10-6. 128.

Koocheneski V, Amestejaru M, Salmanzadeh HR, Ardabili SS. The effect of obesity
on mortality and morbidity after isolated coronary artery bypass graft surgery. Int
Cardiovasc Res J 2012;6:46-50.

DeSchutter A, Kachur S, Lavie CJ, Boddepalli RS, Milani RV. The impact of
inflammation on the obesity paradox in coronary heart disease. Int J Obes
2016;40:1730-5.

Lavie CJ, Milani RV, Artham SM, Patel DA, Ventura HO. The obesity paradox and
coronary disease. Am J Med 2009;122:1106-14.

Lavie CJ, Laddu D, Arena R, Ortega FB, Alpert MA, Kushner RF. Healthy weight
and obesity prevention. J Am Coll Cardiol 2018;72:1506-31.

Lavie CJ, Ozemek C, Carbone S, Katzmarzyk PT, Blair SN. Sedentary behavior,
exercise and cardiovascular health. Circ Res 2019;124:799-805.

Barry VW, Caputo JC, Kang M. The joint association of fitness and fatness on car-
diovascular disease. Prog Cardiovasc Dis 2018;61:136-41.

Lavie CJ, Blair SN. Fitness or fatness. Which is more important? J Am Med Assoc
2018;319:231-2.

McAuley PA, Artero EG, Sui X, et al. The obesity paradox, cardiorespiratory fitness,
and coronary heart disease. Mayo Clin Proc 2012;87:443-5.

Moholdt T, Lavie CJ, Nauman J. Interaction of physical activity and body mass
index on mortality in coronary heart disease: data from the Nord-Trondelag Health
study. Am J Med 2017;130:949-57.

Moholdt T, Lavie CJ, Nauman J. Sustained physical activity, not weight loss is asso-
ciated with improved survival in coronary heart disease. J Clin Coll Cardiol
2018;71:1094-101.

Lavie CJ, Milani RV. Effects of cardiac rehabilitation, exercise training, and weight
loss on exercise capacity, coronary risk factors, behavioral characteristics and qual-
ity of life in obese coronary patients. Am J. Cardiol. 1997;79:397—401.

Asia-Pacific Cohort Collaboration Investigators. Body mass index and cardiovascu-
lar disease in the Asia-Pacific region: an overview of 33 cohorts involving 310,000
participants. Int J Epidemiol 2003;33:751-8.

Pack QR, Rodriguez-Escudero JP, Thomas R, et al. Importance of weight loss in
coronary artery disease: a systematic review and meta-analysis. Mayo Clin Proc
2016;89:1368-77.

Curr Probl Cardiol, 00 2020


http://refhub.elsevier.com/S0146-2806(20)30132-8/sbref0127
http://refhub.elsevier.com/S0146-2806(20)30132-8/sbref0127
http://refhub.elsevier.com/S0146-2806(20)30132-8/sbref0128
http://refhub.elsevier.com/S0146-2806(20)30132-8/sbref0128
http://refhub.elsevier.com/S0146-2806(20)30132-8/sbref0128
http://refhub.elsevier.com/S0146-2806(20)30132-8/sbref0129
http://refhub.elsevier.com/S0146-2806(20)30132-8/sbref0129
http://refhub.elsevier.com/S0146-2806(20)30132-8/sbref0129
http://refhub.elsevier.com/S0146-2806(20)30132-8/sbref0130
http://refhub.elsevier.com/S0146-2806(20)30132-8/sbref0130
http://refhub.elsevier.com/S0146-2806(20)30132-8/sbref0130
http://refhub.elsevier.com/S0146-2806(20)30132-8/sbref0131
http://refhub.elsevier.com/S0146-2806(20)30132-8/sbref0131
http://refhub.elsevier.com/S0146-2806(20)30132-8/sbref0132
http://refhub.elsevier.com/S0146-2806(20)30132-8/sbref0132
http://refhub.elsevier.com/S0146-2806(20)30132-8/sbref0133
http://refhub.elsevier.com/S0146-2806(20)30132-8/sbref0133
http://refhub.elsevier.com/S0146-2806(20)30132-8/sbref0134
http://refhub.elsevier.com/S0146-2806(20)30132-8/sbref0134
http://refhub.elsevier.com/S0146-2806(20)30132-8/sbref0135
http://refhub.elsevier.com/S0146-2806(20)30132-8/sbref0135
http://refhub.elsevier.com/S0146-2806(20)30132-8/sbref0136
http://refhub.elsevier.com/S0146-2806(20)30132-8/sbref0136
http://refhub.elsevier.com/S0146-2806(20)30132-8/sbref0137
http://refhub.elsevier.com/S0146-2806(20)30132-8/sbref0137
http://refhub.elsevier.com/S0146-2806(20)30132-8/sbref0137
http://refhub.elsevier.com/S0146-2806(20)30132-8/sbref0138
http://refhub.elsevier.com/S0146-2806(20)30132-8/sbref0138
http://refhub.elsevier.com/S0146-2806(20)30132-8/sbref0138
http://refhub.elsevier.com/S0146-2806(20)30132-8/sbref0139
http://refhub.elsevier.com/S0146-2806(20)30132-8/sbref0139
http://refhub.elsevier.com/S0146-2806(20)30132-8/sbref0139
http://refhub.elsevier.com/S0146-2806(20)30132-8/sbref0140
http://refhub.elsevier.com/S0146-2806(20)30132-8/sbref0140
http://refhub.elsevier.com/S0146-2806(20)30132-8/sbref0140
http://refhub.elsevier.com/S0146-2806(20)30132-8/sbref0141
http://refhub.elsevier.com/S0146-2806(20)30132-8/sbref0141
http://refhub.elsevier.com/S0146-2806(20)30132-8/sbref0141

	Obesity and Coronary Heart Disease: Epidemiology, Pathology, and Coronary Artery Imaging
	DEFINITIONS
	OBESITY AND CVD
	Risk Factors for CVD

	EPIDEMIOLOGIC STUDIES
	Relation of OW and Obesity to CVD and CHD: General Body Weight Indices
	Relation of Fat Distribution to CVD and CHD Risk

	PATHOLOGY
	INVASIVE ANGIOGRAPHIC AND COMPUTED TOMOGRAPHIC IMAGING
	Invasive Coronary Angiographic Studies
	Computed Tomographic Coronary Artery Imaging Studies

	THE OBESITY PARADOX AND CHD
	RELATION OF PHYSICAL ACTIVITY AND CRF TO CVD AND CHD IN PATIENTS WHO ARE OW OR OBESE
	EFFECTS OF WEIGHT LOSS
	CONCLUSIONS
	Authors' contributions
	Funding
	Conflicts of interest

	REFERENCES


