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      Obesity and Coronary Heart 
Disease       

     Helena     Tizón-Marcos       and     Paul     Poirier     

            Introduction 

 Obesity is a chronic disease that is increasing in 
prevalence worldwide. Based upon data col-
lected for the National Health and Nutrition 
Examination Survey (NHANES) between 2011 
and 2012, the prevalence of obesity in adults in 
the United States is 34.9 % [ 1 ] and worldwide 
overweight/obesity is though to be 36.9 % in 
men and 38 % in women [ 2 ]. Obesity is an inde-
pendent risk factor for  all-cause mortality as 
well as for cardiovascular disease (CVD) and its 
management (decrease in adipose tissue depots) 
lowers the incidence of ischemic heart disease 
[ 3 – 7 ]. Of importance, obesity shares common 
pathway with other metabolic-infl ammatory 
processes leading to atherosclerosis thus increas-

ing the incidence of all related atherosclerosis 
diseases [ 8 ]. 

 Classically, obesity is classifi ed by the body mass 
index (BMI) ratio. This is an easy tool that uses two 
anthropometric measurements commonly used: 1- 
weight divided by 2- height in meters squared 
(kg/m 2 ). This worldwide used index  classifi es over-
weight subjects in two  categories: (i) overweight 
(subjects with BMI between 25 and 29.9 kg/m 2 ) and, 
(ii) obese (BMI ≥ 30 kg/m 2 ). Obese subjects are then 
graded into three classes according to BMI; (i) 
30–34.9 kg/m 2 , (ii) 35.0–39.9 kg/m 2  and, (iii) 
≥40 kg/m 2 . More classes have been added to the list 
in order to characterize very severe obesity which 
has been named “super-obese” (≥50 kg/m 2 ) and 
“super super-obese” (≥60 kg/m 2 ) individuals 
(Table  8.1a, b ) [ 9 ]. However, and as detailed later, 
BMI may not be the best indicator of obesity 
prognosis and indices of regional distribution 
of adiposity may better predict cardiovascular 
risk [ 10   ].

  Several large epidemiological studies have 
reported the link between obesity and CVD. The 
defi nition of CVD includes angina, myocardial 
infarction (MI), heart failure and sudden cardiac 
death. The Nurses Health Study, that followed 
more than 100,000 women from United States, 
showed increased mortality with increased BMI; 
women with a BMI >32 kg/m 2  had a relative risk 
of death from CVD fourfold those women with 
BMI <19 kg/m 2  [ 11 ]. These fi ndings were later 
supported by the Framingham Heart Study in 
which men participants were followed during 30 
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years; the mortality of overweighed men was 
fourfold those with normal weight [ 12 ]. 
NHANES registry followed more than one mil-
lion inhabitants of the United States during 14 
years and found that high BMI was predictive of 
cardiovascular death [ 13 ]. Obesity, in particular 
abdominal obesity, is one of the modifi able risk 
factors infl uencing the incidence of fi rst MI 
through all ethnic groups and gender [ 14 ]. As the 
prevalence of obesity has been increasing in the 
last decades, there is an expected increase in ath-
erosclerotic complications incidence primarily 
from ischemic heart disease.  

    Pathophysiology 

 Atherosclerosis has been shown to begin early in 
childhood and progresses with increasing age. 
Accelerated or prompt atherosclerosis is probably 
the key to understand the fact that obese  subjects 

are more prone to die at younger ages from 
CVD. This datum is supported by postmortem 
examinations of young individuals dying from 
accidental injuries and sudden death. In a series of 
243 subjects younger than 40 years who died sud-
denly, coronary artery disease was responsible for 
37 % of deaths in subjects 20–30 years of age and 
80 % of subjects dying suddenly at 30–40 years of 
age [ 15 ]. The Pathobiological Determinants of 
Atherosclerosis in Youth (PDAY) study analyzed 
coronary arteries from autopsy materials of more 
than 2800 subjects aged 15–34 who died of exter-
nal injuries. Subjects with higher BMI were more 
prone to have higher degree of left anterior 
descending artery stenosis and intimal and thin 
cap lesions [ 16 ]. A series of 40 autopsy studies of 
boys aged 13–19 years showed that intima thick-
ness and density of macrophage foam cells in ath-
erosclerotic lesions were correlated with increased 
 visceral fat [ 17 ]. These two studies emphasized 
the importance of the regional distribution of 

  Table 8.1b    Threshold for waist circumference   

 Men (cm)  Women (cm) 

 Europid IDF  94  80 

 Caucasian WHO  (Increased risk)  94  80 

 (Higher risk)  102  88 

 United States AHA/NHLBI (ATP III)  102  88 

 Health Canada  102  88 

 European ESC  102  88 

 Asian (including Japanese) IDF  90  80 

 Asian WHO  90  80 

 Japanese Obesity Society  85  90 

 China Cooperative Task Force  85  80 

 Middle East, Mediterranean IDF  94  80 

 Sub-Saharan African IDF  94  80 

 Ethnic Central and South American IDF  90  80 

    IDF  International Diabetes Federation,  WHO  World Heart Association,  AHA  American Heart Association,  NHLBI  
National Heart, Lung and Blood Institute,  ESC  European Society of Cardiology  

   Table 8.1a    Class of obesity using body mass index   

 Underweight  BMI <18.5 kg/m 2  

 Normal or acceptable weight  BMI 18.5–24.9 kg/m 2  

 Overweight  BMI 25–29.9 kg/m 2  

 Obese  BMI ≥30 kg/m 2  

 Grade 1  BMI 30–34.9 kg/m 2  

 Grade 2  BMI 35.0–39.9 kg/m 2  

 Grade 3  BMI ≥40 kg/m 2  (severe, extreme, or morbid obesity) 

 Grade 4  BMI ≥50 kg/m 2  (super obese) 

 Grade 5  BMI ≥60 kg/m 2  (super super obese) 
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excess adiposity and the link between excess 
abdominal fat and more complex coronary lesions 
in the youth. The FATE study and the Dallas Heart 
Study documented the relationship between sur-
rogates of subclinical atherosclerosis (carotid 
intimal-media thickness and coronary artery cal-
cium) with abdominal obesity as assessed by the 
waist-to-hip ratio [ 18 ,  19 ]. Moreover, decreased 
endothelial dependent vasodilation, a marker of 
early atherosclerosis, has been shown in obese 
subjects and was correlated with visceral fat 
diameter measured by ultrasound [ 20 ]. Abdominal 
fat, and in particular visceral fat measured by 
magnetic resonance imaging, was correlated with 
a worse metabolic profi le in young and apparently 
healthy adults [ 21 ]. The InterHeart study showed 
that waist-to-hip ratio was the strongest anthropo-
metric measure associated to MI even when 
adjusting for gender, age and ethnicity [ 22 ]. In 
addition to its importance as an independent risk 
factor for coronary atherosclerosis, obesity, 
defi ned by BMI, but more specifi cally abdominal 
fat depots, usually assessed in clinic by waist cir-
cumference, waist-to-hip and/or waist-to-height 
ratio, promote metabolic abnormalities of numer-
ous cardiovascular risk factors that may acceler-
ate atherosclerotic processes. 

 Non-ectopic fat (or subcutaneous fat) appear 
to be less metabolically deleterious since its pri-
mary role is one of energy storage [ 23 ]. In con-
trast, excess abdominal visceral adipose tissue 
has been associated with known pro- 
atherosclerotic factors like insulin resistance, 

increased triglycerides and apolipoprotein B lev-
els, low high-density lipoprotein cholesterol and 
increased small dense low-density and small 
dense high density lipoprotein levels, high blood 
pressure and a prothrombotic state [ 24 ]. 
Therefore, common pathophysiological path-
ways involving systemic infl ammation and lipid 
metabolism relate obesity to accelerated athero-
sclerosis. In a state of positive energy balance, 
free fatty acids and triglycerides are initially 
stored in adipose tissue. Adipocytes expand and 
become mature as the pressure of storage 
increases. Once the normal site of adipose tissue 
depots becomes saturated and no more storage 
can be permitted, the adipocytes contain return to 
the circulation as free fatty acids. This “spill- 
over” results in an ectopic deposition of fat with 
preference in lean viscera (liver, kidney), muscle 
(skeletal muscle, myocardial/epicardial) and also 
perivascular (Fig.  8.1 ).

   Adipose tissue has not only the role of energy 
reserve of the human body but also acts as an 
endocrine organ that controls the deposition of 
new ectopic fat and its homeostasis through the 
production of molecules/hormones/adipokines. 
The deposition of ectopic fat may induce a com-
bined state of infl ammation, insulin resistance 
and adipokines production infl uencing cardio-
metabolic risk [ 25 ]. Adipokines secreted by 
 adipose tissue are also involved in the modulation 
of some of the steps promoting atherosclerosis 
such as endothelial dysfunction, hypercoagula-
bility and dyslipidemia [ 26 ]. These cytokines 

OBESITY

Free Fatty Acids and Triglycerides «spill over»

Deposition of fat in lean tissues Increased fat volume

Inflammation and insulin
resistance

Fat tissue hypoxia

Endothelial dysfunction
Hypercoagulability

Dyslipidaemia

Release of adipokines

Macrophage activation

  Fig. 8.1    Interactions between 
obesity and atherosclerosis 
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may be classifi ed in two main groups such as 
benefi cial adipokines (adiponectin and omentin) 
and deleterious adipokines (TNF-α, IL-6, plas-
minogen activator inhibirot-1, adipocyte fatty 
acid-binding protein, lipocalin-2, chemerin, 
leptin, visfatin, vaspin and resistin). The levels of 
“bad” adipokines are upregulated in obesity, par-
ticularly in the presence of abdominal obesity, 
contributing to the infl ammatory profi le [ 27 ,  28 ]. 
These adipokines promote specifi c actions such 
as: (i) induce cellular changes in macrophages, 
that become active while secreting pro-infl am-
matory factors and, (ii) induce a miss-match in 
the oxygen supply to ectopic adipose tissue lead-
ing to hypoxia that perpetuates the infl ammatory 
state and metabolic disease [ 29 – 31 ] (Fig.  8.1 ). 

 Among visceral fat depots, the epicardial adi-
pose tissue surrounds the heart and is in close con-
tact to the coronary vessels. This tissue is involved 
into myocardial energy supply, thermoregulation 
and interacts with the cardiac autonomic nervous 
system infl uencing the regulation of coronary ves-
sel motion and lumen diameter [ 32 ]. Epicardial 
adipose tissue shows greater infl ammatory cell 
infi ltrate (macrophages) than subcutaneous adi-
pose tissue and produces highly atherogenic and 
infl ammatory adipokines in patients with coronary 
artery disease [ 33 ]. As well as the intra-abdominal 
fat, epicardial adipose tissue is probably involved 
into subclinical atherosclerosis processes through 
increased arterial stiffness and increased intima-
media thickness [ 34 ]. Furthermore, epicardial adi-
pose tissue thickness and volume is correlated 
with the incidence and severity of coronary artery 
disease and coronary calcifi cation [ 35 ]. Also, epi-
cardial adipose tissue does correlate with the per-
centage of necrotic plaque tissue, low-density 
lipoprotein levels and micro-vascular dysfunction 
even in the absence of symptomatic coronary 
artery disease [ 36 ,  37 ].  

    Evaluation and Treatment 

    Stratifi cation Strategies 

 Standard treadmill stress test with continuous 
electrocardiography and non-invasive blood 

pressure determination may be of limited value in 
obese patients due to several factors. Firstly, the 
electrocardiogram may depicts specifi c altera-
tions in obese patients due to the increased dis-
tance between the heart and the electrodes but 
also due to structural changes secondary to a 
more horizontal position (false positive Q-waves 
in the inferior leads that disappear with the stand-
ing position), left ventricle (LV) overload and LV 
enlargement [ 38 ,  39 ]. Secondary, obese patients 
have impaired aerobic capacity and most fail to 
achieve the age-predicted heart rate in order to 
have a valid diagnostic stress test [ 40 ,  41 ]. As 
well as for elderly patients, modifi ed protocols 
have been designed to increase exercise time. 
However, these modifi ed protocols achieve lower 
metabolic equivalents, lower heart rates and 
lower pressure-rate products [ 42 ]. Stress echo-
cardiography is a useful technique if a good 
echocardiographic window can be achieved. As 
in non-obese patients, the presence of detected 
myocardial ischemia, is an excellent predictor of 
adverse events [ 43 ]. The use of contrast agents 
may help to improve the acoustic window and 
increase diagnostic accuracy [ 44 ]. Single-photon 
emission tomography (SPECT) in obese patients 
has a good sensitivity for the detection of myo-
cardial ischemia. However, photon attenuation 
through adipose tissue and decreased signal-to- 
noise ratio despite higher doses may impair its 
accuracy. In fact, there is confl icting data regard-
ing the prognostic value of a negative SPECT test 
in obese patients [ 45 ]. The positron emission 
tomography (PET) scan has a high accuracy to 
detect ischemia in obese patients. A normal 
rubidium PET imaging ruling out myocardial 
ischemia is highly predictive of low cardiac 
events [ 46 ]. However, issues concerning the 
availability of the radiotracer and the ionizing 
radiation pose important limitations to its wide-
spread use. Coronary computed tomography 
angiography (CTA) has been suggested for the 
assessment of patients with intermediate risk of 
coronary artery disease, those with electrocardio-
graphic abnormalities or those unable to exercise 
due to its high negative predictive value [ 47 ]. 
However, image quality in obese patients is still 
suboptimal despite higher radiation doses 
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 administered (2–5 mSv with a 120 kV energy) 
compared to less obese patients [ 48 ]. Also, the 
need to test for ischemia and not only anatomy 
would make CTA a second line of option for 
stratifi cation. Nevertheless, new scanners with 
better resolution and shorter acquisition times 
may improve the quality of diagnostic images 
and dual-source energy may add functional infor-
mation to the anatomical one. A recent interna-
tional registry has shown that BMI was positively 
associated with the prevalence of coronary artery 
disease and increased number of segments with 
atherosclerotic plaque [ 49 ]. 

 Cardiovascular magnetic resonance imaging 
can assess ventricular function, rest and stress 
perfusion and viability in a single examination. 
Relative to alternative techniques, stress cardio-
vascular magnetic resonance imaging has high 
spatial and temporal resolution and is not limited 
by acoustic windows or image acquisition. 
Scanner with wider-bores (70 cm) and higher 
capacity weight scanners are progressively avail-
able to study severely obese patients. Recent data 
show that stress cardiovascular magnetic reso-
nance imaging is feasible and the main cause of 
failure (mainly claustrophobia) is manageable. 
Cardiovascular magnetic resonance stress isch-
emia is a powerful predictor of myocardial infarc-
tion and cardiovascular death [ 50 ].  

    Treatment Strategies 

 Invasive early strategies in acute coronary syn-
dromes have shown to improve cardiovascular 
prognosis [ 51 ,  52 ]. Stratifi cation tools commonly 
used in clinical cardiology have partially inte-
grated blood markers or anthropometric mea-
surements involved in infl ammation and 
metabolic disorders [ 53 ].   

    Coronary Angiography 
and Percutaneous Treatment 

 Obese patients are increasingly being studied in 
cardiac catheterization laboratories. Maximum 
weight supported by the new equipment is up to 

250 kg and vendors facilitate equipment to com-
fortably fi t the patient within the table range. 
Radial access is defi nitely preferred in obese 
patients for coronary angiography and interven-
tion because of lower bleeding rates, lower vas-
cular complications, faster re-empowerment and 
mobilization and eventually shorter hospital 
admissions [ 54 – 56 ]. Echography guided artery 
puncture may be useful in obese patients who 
require femoral access. Higher BMI are associ-
ated with higher radiation dose during the proce-
dure despite similar procedural times and contrast 
doses than non-obese patients [ 57 ]. Quality 
image acquisition may be improved with newer 
X-ray tubes and upgraded image acquisition pro-
tocols avoiding non-diagnostic views with high 
radiation dose. Other studies report higher inci-
dence of contrast induced nephropathy and 
hemodialysis requirements after coronary angi-
ography in obese patients showing the impor-
tance of adequate hydration prior the procedure, 
use of non-ionic contrasts and saving-contrast 
protocols [ 58 ]. Despite all measures, obesity is 
still independently associated with a greater in- 
hospital mortality rate [ 59 ]. 

 Obesity was thought to be a protective factor 
after coronary angioplasty. This was coined the 
“obesity paradox”. However, recent larger regis-
tries show that obese patients have still increased 
mortality and that longer follow up are required 
to understand the whole impact of obesity on car-
diovascular health [ 31 ,  60 ]. Obese patients 
treated with bare metal stents had increased rates 
of binary restenosis, repeated revascularization 
and major cardiac events at 9-months follow up 
compared with those treated with fi rst generation 
drug-eluting stents [ 61 ]. Repeated target vessel 
revascularization and acute stent thrombosis are 
still increased in obese patients  treated with a 
third generation drug eluting stent [ 62 ]. However, 
in the absence of contraindication of prolonged 
dual antiplatelet therapy, a drug eluting stent 
is preferred over a bare metal stent [ 63 ]. 
Intravascular ultrasound and optical coherence 
tomography may help to size the vessel and 
assess the immediate result of a percutaneous 
revascularization procedure if angiography is not 
optimal. Bioabsorbable scaffolds may confer 
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additional benefi ts in different subsets including 
obese patients. Despite the fact that the preva-
lence of obesity is “epidemic”, there is paucity of 
data about percutaneous revascularization on this 
specifi c group of patients. As an example, obesity 
does not account for the Syntax or Syntax II 
Scores to evaluate the risk and major cardiovas-
cular events comparing percutaneous versus sur-
gical treatment [ 64 ,  65 ]. 

    Surgical Revascularization 

 As obesity is steadily increasing, the need for sur-
gical revascularization in obese patients also 
increases [ 66 ]. Obesity remains a challenge for 
surgical myocardial revascularization due to the 
complex management of the pre-procedural con-
ditions, intra-procedural use of drugs and pump 
and post-procedural complications. There is con-
fl icting evidence about the mortality of obese 
patients undergoing surgical myocardial revascu-
larization. Initial reports showed increased mor-
tality especially in severely obese patients [ 67 ]. 
However, more recent studies show similar mor-
tality of obese patients compared to non-obese 
patients [ 56 ,  68 ]. Different registries have still 
show the association of obesity and several peri- 
procedural complications such as renal failure, 
respiratory failure, arrhythmias as atrial fi brilla-
tion, deep sternal wound infections and, greater 
intraoperative transfusion rates [ 69 – 72 ]. Newer 
surgical approaches, pharmacology and technol-
ogy have been implemented to minimize the risk 
of obese patients. Concentration of cases in 
specialized- high volume centers may increase 
specialization and decrease complications. Off- 
pump coronary by-pass surgery shows increased 
benefi t in obese patients compared to on pump 
procedures [ 56 ,  73 ,  74 ].  

    Pharmacotherapy 

 Anticoagulation and dual antiplatelet therapy has 
been considered as a cornerstone therapy in 
patients with acute coronary syndromes and thi-
enopiridines have demonstrated clinical benefi t 

in large randomized controlled trials [ 75 ,  76 ]. 
Obese patients show increased markers of infl am-
mation including increased baseline platelet 
 activation and variable response to different anti-
platelet agents, including increased platelet reac-
tivity while under treatment with aspirin 
[ 77 ,  78 ]. This pro-aggregation state is even more 
accentuated in obesity and patients with diabetes 
[ 79 ]. The impact of obesity on thienopyridines 
remains controversial. As well as with aspirin 
treatment, greater platelet reactivity under clopi-
dogrel treatment has been shown in patients with 
increased BMI [ 56 ]. Insulin resistance, increased 
intracellular calcium and oxidative stress may 
infl uence the response of obese patients to clopi-
dogrel [ 80 ,  81 ]. The meaning of increased plate-
let reactivity and its fi nal clinical net effect or 
clinical relevance has yet to be determined. 
Patients receiving ticagrelor in the PLATelet inhi-
bition and patient Outcomes (PLATO) trial had 
no signifi cant difference in the primary endpoint 
of death from vascular causes, MI or stroke in 
obese patients compared to normal weight or 
overweight patients [ 76 ]. Recent studies observed 
the association of greater platelet reactivity under 
prasugrel treatment and BMI whereas there is no 
such association with ticagrelor [ 82 ,  83 ]. In addi-
tion, prasugrel has poorer action, refl ected in 
higher platelet reactivity, in obese patients with 
metabolic syndrome [ 84 ]. Data on anticoagula-
tion in obese patients and acute coronary syn-
dromes are scarce. A large registry that examined 
in-hospital complications of severely obese 
patients who underwent percutaneous interven-
tion showed that obesity was associated with a 
greater mortality rate than non-obese but also that 
obesity seemed to protect against major bleeding 
[ 59 ]. There is no standard dosing of unfractioned 
heparin in patients with weights above 100 kg 
who undergo both percutaneous and surgical 
interventions for myocardial ischemia [ 85 ]. 
Heparin dosage is based on body weight assum-
ing that all tissues, both perfused and less-well 
perfused (as fat), assume the same metabolic rate. 
This may be the cause of increased bleeding rates 
during surgical interventions in obese patients 
[ 72 ]. The dosage of heparin is therefore sug-
gested to be calculated through lean body mass in 
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obese patients [ 86 ]. During percutaneous inter-
vention, bivalirudin shows benefi ts only in obese 
patients who undergo femoral access in terms of 
transfusion of blood units [ 56 ,  87 ].   

    Conclusions 

 Obesity is a highly prevalent chronic disease 
that is an independent risk factor for cardiovas-
cular mortality and also interacts with other risk 
factors to accelerate atherosclerosis. Visceral 
adipose tissue is an active pro-infl ammatory 
organ that combined with other CVD risk fac-
tors, increases the prevalence of subclinical 
coronary artery disease and the incidence of 
acute coronary syndromes at younger ages. 
Regional adipose tissue indices allow more 
accurate stratifi cation of cardiovascular prog-
nosis. Newer technologies allow better study 
and stratifi cation of obese patients with coro-
nary artery disease. Both percutaneous and sur-
gical revascularization strategies have fi nally 
improved to enhance immediate and mid- term 
results to this increasingly growing and aging 
population.     
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