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 Introduction

Cardiovascular disease remains the leading cause of death in 
the United States. Nearly one in every four deaths is attribut-
able to heart disease, amounting to more than 600,000 peo-
ple annually [1], and more than 700,000 Americans have a 
heart attack every year due to coronary artery disease (CAD) 
or coronary heart disease (CHD) [2]. Not surprisingly, the 
economic health-care burden due to CAD in the United 
States is significant—the annual direct medical care expen-
diture exceeds $5 billion—and the 10-year expenditure of 
patients with CAD is approximately eight times that of 
patients without CAD [3]. As a result, there is an interest in 
identifying modifiable risk factors as rational points for early 
intervention.

The Framingham Heart Study, initiated in the mid- 
twentieth century, examined populations regularly for the 
development of cardiovascular disease and introduced the 
notion that lifestyle practices and environmental influences 
along with genetic traits influence overall cardiac health. 
From this, major risk factors for the development of CAD 
were identified, initially determined by following the asymp-
tomatic population cohort for approximately 10 years. The 
factors that were determined to be most predictive included 
age, gender, tobacco use, high blood pressure or need for 
antihypertensive medication, total cholesterol, and high- 
density lipoprotein (HDL) concentrations [4]. Based on 
these data, tools for calculating estimated 10-year risk for 
myocardial infarction are available online (e.g., http://
hp2010.nhibihin.net/atpiii/calculator.asp). Consequently, 
smoking cessation, tight control of blood pressure, and wide-
spread use of cholesterol-lowering medications are examples 
of commonly practiced approaches to lowering CAD risk of 
the asymptomatic population. This is based on the increasing 
understanding of the markers of cardiovascular disease and 
its pathophysiology.

With the advancement of biomedical technology, there is a 
continued effort to refine and identify new physiologic, 
genetic, and image-derived biomarkers to more accurately 
identify the at-risk population. For biomarkers to be effective, 
they should be measured precisely and reproducibly and accu-
rately reflect the time course of disease. In addition, the sig-
nificance of various biomarkers may change in value at 
different times. Therefore, the calculated absolute risk of CAD 
is dependent on age-nonspecific risk scores. For example, a 
calculated 10-year risk of <10% is considered “low risk,” 
while a calculated risk of >20% is considered “high risk.”

Novel serum biomarkers have been isolated to enhance 
the sensitivity of traditional population-wide risk assessment 
tools and to potentially improve disease risk. Biomarkers for 
heart disease include C-reactive protein (CRP), low-density 
lipoprotein (LDL) and very low-density lipoprotein (VLDL), 
B-type natriuretic peptide (BNP), apolipoprotein B (apoB), 
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lipoprotein (a), homocysteine, and troponin I.  These bio-
markers may be used in detection and prevention of CAD but 
also in enhancing our understanding of pathophysiology [4–
6]. Indeed, the association between dyslipidemia—elevated 
LDL, triglycerides, total cholesterol, and low HDL—and 
coronary artery disease is now well established [7]. Similarly, 
the efficacy of statin therapy in lowering CAD risk is also 
known [8]. Elevated low-density lipoprotein (LDL) choles-
terol, low concentrations of high-density lipoprotein (HDL) 
cholesterol, and elevated triglyceride levels are now com-
monly used markers for an increased risk of CAD.

A reduction in LDL cholesterol with the use of statin 
medications (HMG-CoA reductase inhibitor) reduces 
 mortality from CAD, likely by improving levels of choles-
terol homeostasis and the dependent inflammatory state. 
Atherosclerosis, including coronary artery disease, has been 
recognized as an inflammatory disease [9, 10]. In fact, LDL, 
homocysteine, and high blood pressure are believed to 
directly or indirectly lead to arterial endothelial injury, sub-
sequent local inflammation, smooth muscle activation, and 
the development of coronary atherosclerosis.

Thus, inflammatory markers have also become relevant as 
CAD biomarkers. C-reactive peptide (CRP) has emerged as 
a strong independent predictor of future myocardial infarc-
tion, stroke, and peripheral artery disease [5]. CRP, in asso-
ciation with LDL levels, was found to be a strong predictor 
of cardiovascular events, while the total cholesterol to HDL 
ratio as well as CRP was found to be predictive of future 
myocardial infarction [11]. Similarly, lipoprotein (a) and 
homocysteine levels reflect an increased inflammatory state 
and an increased risk of developing CAD in an asymptom-
atic population.

B-type natriuretic peptide (BNP) is released directly from 
the heart. Preferentially synthesized in ventricular myocar-
dium, BNP responds to acute ventricular volume expansion 
and serves to counteract the effects of the renin-angiotensin- 
aldosterone system [12]. Not only a marker for ventricular 
dysfunction and heart failure, BNP, and its N-terminal pro-
peptide, NTproBNP, has been shown to be strong predictive 
indicators of future cardiovascular events in patients with 
stable CAD.

An additional marker for cardiovascular disease that has 
gained special interest in the setting of obesity is leptin. 
Leptin is derived from adipocytes and is thought to be 
involved in weight regulation and insulin homeostasis. High 
leptin concentrations were found to be predictive of first 
acute myocardial infarction, along with higher body mass 
index (BMI), plasma insulin, and diastolic blood pressure 
[13, 14]. As more specific markers that correlate with cardio-
vascular and coronary artery disease are identified, the pre-
dictive value is improved, the understanding of the disease is 
enhanced, and its relationship to other disease states—spe-
cifically obesity—is elucidated.

 Obesity and Cardiovascular Disease

I have more flesh than another man; and therefore more frailty.
William Shakespeare (Henry IV Part I, Act III Scene III)

The link between obesity and physical frailty has long 
been recognized. Obesity is associated with multiple 
comorbid conditions and an increased mortality. The over-
all relative risk of mortality is approximately 2.00 for men 
and 1.65 for women with a BMI > 35 kg/m2, compared to 
the normal weight population [15]. In fact, trends suggest 
that obesity will overtake smoking as the primary prevent-
able cause of death in the United States [16]. Thus, it is not 
surprising that obesity in an otherwise healthy population 
in the fifth decade of life is also associated with frailty 
decades later [17].

Obesity is associated with significant comorbid condi-
tions. These maladies affect almost every system in the body 
including the musculoskeletal, pulmonary, endocrine, 
immune, and cardiovascular systems. The cardiovascular 
system is especially affected with multiple physiologic 
changes that often lead to adverse outcomes. Thus, concur-
rent with the dramatic increase in the prevalence of obesity 
in the United States and worldwide over the past several 
decades, reaching epidemic proportions [18, 19], the 
American Heart Association (AHA) issued a “call to action” 
in response [20]. Since then, the AHA and American College 
of Cardiology recognized obesity as raising the risk of hyper-
tension, stroke, and coronary artery disease, as well as being 
associated in and of itself with increased risk mortality from 
coronary vascular disease [21].

One of the early physiologic changes with obesity is an 
increase in total blood volume, with subsequent increase in 
ventricular filling pressures, cardiac output, and cardiac 
workload [22]. Preexisting or subsequent development of 
hypertension further encourages cardiac chamber dilation, 
left ventricular hypertrophy, and remodeling [23]. It is not 
surprising then that the obese population is at risk for ven-
tricular dysfunction, although its impact on mortality is not 
clear. Indeed, obesity alone is considered an independent 
predictor of developing CAD and a higher risk of systolic 
and diastolic left ventricular dysfunction [24, 25].

However, the relationship between obesity and cardio-
vascular disease appears to be much more complex. In fact, 
obesity actually lowers systemic vascular resistance and 
thus may provide a protective component, leading to the 
“obesity paradox.” Multiple studies suggest that overweight 
and obese patients with known cardiovascular disease are 
predicted to have a better event-free survival compared to 
normal or underweight cohorts [25–28]. Thus, it seems that 
obesity increases the initial risk for cardiovascular disease, 
but it may confer some protective benefit from mortality in 
those already afflicted with heart failure or CAD. The mech-
anism for this observation is not clear, although there is 
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some evidence to suggest that BMI is not the proper param-
eter to be measured. Rather, waist circumference (WC) and 
waist-hip ratio (WHR), as proxies for central adiposity, may 
be more predictive of mortality in patients with CAD.  In 
addition, it is uncertain whether these findings in obese indi-
viduals still hold true in the severely or morbidly obese. A 
large systematic review and collaborative analysis found 
that increasing central obesity was associated with higher 
mortality in patients with CAD and the use of WC in addi-
tion to WHR is a more effective indicator than either mea-
surement alone [29].

Nonetheless, the PDAY (Pathobiological Determinants of 
Atherosclerosis in Youth) study provided convincing data to 
suggest that obesity in adolescents and young adults (aged 
15–34 years) accelerates the progression of atherosclerosis 
10–20 years before any clinical symptoms [30]. From avail-
able evidence, it is clear that earlier onset of obesity, corre-
sponding to a longer period of time spent with obesity, leads 
to a lifetime increased risk of cardiovascular disease and 
mortality. A younger obese population has a higher mortality 
than a BMI-matched older population [31, 32].

It has long been recognized that fat tissue is not a simple 
storage cell of fat but is metabolically highly active and is 
responsible for systemic secretion of molecules that impact 
cardiovascular homeostasis [33]. Of these factors, the con-
centrations of plasminogen activator inhibitor-1, angiotensin 
II, CRP, fibrinogen, and TNF-α (alpha) are directly affected 
by BMI. Similarly, the concentrations of IL-6 directly affect 
CRP levels [34].

Along with obesity, insulin resistance has been implicated 
in the development of CAD. The insulin resistance syndrome 
or metabolic syndrome concepts reflect the concurrent patho-
physiology of obesity, insulin resistance, dyslipidemia, and 
cardiovascular disease. Obesity is a leading cause of insulin 
resistance, which implies a peripheral tissue resistance to the 
effects of circulating insulin, mainly glucose metabolism 
[35]. In the adipocytes, lipogenesis and lipid storage and 
metabolism are directly affected, resulting in an increased 
systemic load of free fatty acids. Interestingly, central adi-
posity has the greatest impact on insulin resistance and its 
effects. The hyperinsulinemic state is also implicated as a 
growth factor with direct deleterious cardiac effects. While 
the exact mechanism is not yet fully understood, it is clear 
that insulin resistance is part of a syndrome that significantly 
increases the risk of cardiovascular disease and whose hall-
mark is obesity [36].

Obstructive sleep apnea (OSA) is directly associated with 
obesity and impacts cardiac function. Obesity, in and of 
itself, is a common cause of alveolar hypoventilation and is 
considered the most important modifiable risk factor for 
sleep-disordered breathing [36, 37]. Obesity and OSA so 
often coexist in the same population that it can be difficult to 
identify diagnoses that are correlated with one and not the 

other. Those patients with sleep apnea have an increased 
mortality as well as a risk of diurnal hypertension, nocturnal 
dysrhythmias, pulmonary hypertension, right and left ven-
tricular failure, myocardial infarction, and stroke [38, 39].

Whether related to OSA or not, the risk of acute arrhyth-
mia leading to sudden death is markedly increased in the 
obese population. In the Framingham study, obesity was 
found to be a major modifiable risk factor for sudden car-
diac death in both men and women [40]. Prolongation of 
the QTc interval seen on ECG (electrocardiogram) seen in 
these subjects increases the risk of arrhythmia and cardio-
vascular mortality. In fact, both prolongation and shorten-
ing of the QT interval were found to be associated with 
all-cause mortality, cardiovascular disease and ventricular 
arrhythmia, and sudden death. For prolonged QT, the 
increased risk is seen for both males and females at an 
interval of 420–450 ms [41, 42].

Meanwhile, weight loss in the morbidly obese popula-
tion, and specifically loss of central adiposity, is associated 
with a reduction in cardiovascular risk factors and overall 
mortality. Despite this, there is uncertainty whether inten-
tional weight loss is beneficial to patients with known cardio-
vascular disease. This point of controversy is based on 
several studies that have shown increased risk of arrhythmia 
and negative outcomes in patients with aggressive dietary 
restrictions, meal replacements, and very-low-calorie diets 
or pharmacotherapy with cardiac toxicity [22]. This is typi-
cally manifested through the prolongation of the QTc inter-
val often observed in these situations. Fatal or life-threatening 
arrhythmias have been observed after radical dieting or liq-
uid protein meal replacements.

Nonetheless, it is clear that weight loss in the obese popu-
lation improves obesity-related risk factors for cardiovascu-
lar disease. Even modest medical weight loss in overweight 
and obese patients directly correlates with a reduction of 
CRP, lipids, and glucose, with a lower total mortality as well 
[43]. In general, weight loss by any means leads to improve-
ment of cardiovascular risk factors and is strongly recom-
mended for the asymptomatic obese population [44]. Total 
blood volume, stroke volume, and systemic arterial pressure 
all decline with weight loss. Consequently, filling pressures 
decrease, left ventricular stroke work diminishes, and oxy-
gen consumption decreases [45].

Finally, weight loss also benefits the symptomatic obese 
population already diagnosed with cardiovascular disease. A 
healthy eating protocol along with structured exercise train-
ing is paramount in this population. A study of 377 patients 
with cardiovascular disease who lost weight had a 38% rela-
tive risk reduction relative to patients who did not lose 
weight, in all-cause mortality and cardiovascular events—
including myocardial infarction, stroke, and heart failure 
[45, 46]. Although long-term cardiac-specific survival data 
after intentional weight loss is lacking, there is strong data to 
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support that weight loss in the overweight and obese popula-
tion decreases nearly all identified risk factors for cardiovas-
cular disease. Yet, there is some conflicting data to suggest 
that change in weight (positive or negative) may be associ-
ated with adverse outcomes in all-comers with coronary 
heart disease [47]. Nonetheless, it is widely reported that 
weight gain is closely associated with adverse cardiovascular 
risk and suggested that in the severely and morbidly obese, 
weight loss is of significant benefit.

To date, bariatric surgery has proven to be the only dura-
ble treatment method for significant weight loss in the obese 
population. Thus, weight loss surgery is a rational approach 
to the treatment of obesity in patients at risk for cardiovascu-
lar disease. Due to their higher risk for cardiac events, the 
preoperative evaluation is especially significant.

 Preoperative Cardiac Evaluation

Obesity independently increases cardiovascular risk factors, 
and many obese patients may have underlying cardiovascu-
lar disease but are asymptomatic when they present for bar-
iatric surgery evaluation. Thus, the cardiac evaluation of 
these patients is especially important. In fact, the National 
Institutes of Health Consensus Development Program 
Statement specifically advocates a multidisciplinary 
approach, suggesting a thorough medical evaluation as part 
of the preoperative work-up, and it is common practice to 
include an evaluation by a cardiologist to assess for cardiac 
risks [48].

There is no consensus approach to the preoperative work-
 up of the bariatric patient, but general guidelines are fol-
lowed by most. A thorough history and physical examination 
are used to identify comorbid conditions with specific surgi-
cal implications and those that can affect cardiovascular risk, 
such as the presence of dyspnea on exertion, daytime sleepi-
ness, and nighttime snoring; the presence of hypertension, 
diabetes, or insulin resistance; or the use of medications that 
may prolong the QT interval. The degree of central obesity 
should be assessed by physical examination, as it relates to 
cardiovascular risk more strongly than BMI.

A routine preoperative laboratory evaluation should also 
include the known biochemical markers previously dis-
cussed, including a full lipid profile, CRP, and fasting insulin 
levels. Other biochemical markers that may be informative 
preoperatively and followed in the postoperative period 
include lipoprotein (a) and homocysteine.

It is common for the obese patient to undergo at least one 
adjunct study as part of the preoperative work-up. Although 
the utility of routine chest X-rays is debated, it may be useful 
to obtain in the bariatric population, which has a high preva-
lence of asymptomatic cardiopulmonary disease. Findings of 
cardiomegaly or cephalization of pulmonary vessels may 
suggest cardiovascular disease and prompt further work-up.

The electrocardiogram (ECG), however, should be con-
sidered a mandatory part of the preoperative evaluation of 
the bariatric patient. Structural cardiac changes that are 
induced by obesity may influence the appearance of the 
ECG. These include cardiac displacement, ventricular hyper-
trophy, a distant heart due to chest wall adiposity, and ele-
vated pulmonary pressures [33]. As a result, multiple findings 
are expected in the obese patient who has cardiac morpho-
logical changes. Of patients preparing for bariatric surgery, 
62% were found to have specific ECG abnormalities [49]. 
Included were LVH, RVH, short PR, bundle branch block, 
ST-T wave abnormalities, AV block, tachycardia, ectopy, and 
prolonged QT. Therefore, the finding of an abnormal echo-
cardiogram may predict a more complicated postoperative 
course and need for intensive care utilization [50].

Those patients with a significant cardiac history, cardiac 
symptoms, an especially low functional capacity, or abnor-
malities uncovered in the initial evaluation should undergo 
a noninvasive functional cardiac evaluation or cardiac 
stress testing. While myocardial nuclear perfusion imaging 
may provide valuable information, table weight and torso 
diameter limitations may make it impractical in some of 
these patients [51]. Stress echocardiography is widely used 
to evaluate known or suspected coronary artery disease. 
However, the image quality in the obese population may be 
significantly compromised, decreasing the efficacy of the 
test. Subepicardial fatty tissue, for example, may com-
monly result false positive for a pericardial effusion or con-
versely underestimate the amount of pericardial fluid [52]. 
On the other hand, many have advocated for the use of 
dobutamine stress echocardiography. It can provide the 
practicality of an echocardiogram, with enhanced image 
quality. Echocardiograph contrast agents improve the fidel-
ity of the test and may be used in stress and nonstress test-
ing. In a study of 590 morbidly obese patients, the 
transthoracic dobutamine stress echocardiograph was 
inconclusive in only 6.4% of patients and was found to be 
safe and effective [51, 53].

Other noninvasive cardiac imaging studies include the 
single-photon emission computed tomography (SPECT), 
positron emission tomography (PET), and coronary com-
puted tomographic angiography (CTA). The utility and cost- 
effectiveness of these studies are unclear, and it is not 
currently recommended for routine risk stratification in the 
asymptomatic patient [54].

 Bariatric Surgery and Cardiac Risk Factors

Obesity and tobacco smoking remain the most impactful, 
modifiable risk factors for cardiovascular disease. With the 
prevalence of morbid obesity increasing to epidemic propor-
tions, it is an increasingly important target for preventive 
treatment.
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Conventional weight loss approaches include dietary 
modifications, behavioral and exercise therapy, and pharma-
cotherapy. Although the greatest weight loss effect is seen 
when these modalities are used in combination, surgery 
remains the only treatment modality that provides significant 
and durable weight loss, especially in the population with 
BMI >35  kg/m2. For example, in a large meta-analysis of 
patients undergoing gastric banding, gastric bypass, gastro-
plasty, biliopancreatic diversion, or duodenal switch, 
Buchwald et al. demonstrated a total percent excess weight 
loss of >60% [55]. In addition, long-term studies demon-
strate the durability of such weight loss results after bariatric 
surgery [56, 57]. There is no combination of medical treat-
ment to produce similarly robust results.

Hypertension or the use of antihypertensive medication, 
in the obese population, is significantly improved following 
weight loss surgery [55, 58, 59]. A meta-analysis of more 
than 16,000 bariatric patients demonstrated a resolution or 
reduction of hypertension in 68% after bariatric surgery [60].

Similarly, insulin resistance and diabetes are markedly 
improved, and often enter remission, after surgery. The posi-
tive effect of bariatric surgery on type 2 diabetes is now well 
established [61–64], and a decrease in insulin resistance 
through to occur early after surgery [65]. The benefits to 
patients with diabetes are sustained in long-term studies of 5 
and 10 years [66, 67]. The early decrease in insulin resis-
tance and improvement in diabetes seen after bariatric sur-
gery cannot be explained by calorie restriction alone or by 
the amount of weight loss [68]. The incretin effect, changes 
in bile acid metabolism, and changes in the gut microbiome 
have all been implicated; and it is likely that multiple gastro-
intestinal regulatory mechanisms are responsible for this 
change in physiology [69–71].

Dyslipidemia is present in 40–50% of preoperative bariat-
ric patients and is also a major modifiable risk factor for 
CAD [72]. Elevated total cholesterol, LDL, triglycerides, 
and low HDL levels are all markers for coronary artery risk. 
Bariatric surgery results in an improvement in each of these 
parameters. One of the early studies to demonstrate an 
improvement in dyslipidemia after a weight loss procedure 
was based on POSCH (Program on the Surgical Control of 
the Hyperlipidemias), a prospective randomized trial [73]. A 
partial ileal bypass significantly reduced total and LDL cho-
lesterol and reduced mortality from CAD after a 5-year 
follow-up.

Since then, multiple studies have shown other bariatric 
operations are also effective at treating dyslipidemia and 
improving total cholesterol, LDL, triglyceride, and HDL lev-
els. Often lipid levels return to normal after surgery, and in 
parallel, medication usage for treating hyperlipidemia 
decreases [74–77]. While the SOS failed to show a decrease 
in total cholesterol in all patients, they also consistently dem-
onstrated a decrease in triglycerides and an increase in HDL 

cholesterol [57]. These results have persisted in long-term 
studies as well [67]. Overall, weight loss surgery leads to an 
improvement in all measures of dyslipidemia in multiple dif-
ferent bariatric operations.

Other biochemical risk factors also improve after bariatric 
surgery. One of the most predictive cardiac risk factor, high- 
sensitivity CRP (hsCRP), as well as homocysteine levels, 
decreases significantly after weight loss surgery [60, 74]. 
These results have been shown to persist for at least 1 year 
after surgery and were observed in different weight loss 
operations as well [78]. Of the other emerging cardiac risk 
factors, homocysteine and lipoprotein (a) levels also signifi-
cantly improve and trend toward normal. Similarly, B-type 
natriuretic peptide, a marker for current altered cardiac 
dynamics, changes after bariatric surgery in a manner 
directly correlated with weight loss [79].

Taken together, bariatric surgery was shown to decrease 
the Framingham risk score for at least 7 years after surgery 
[80], absolute risk of a cardiovascular event, and mortality 
from all causes in general and from cardiovascular causes 
specifically. Weight loss surgery resulted in a sustained 
reduction of 10-year cardiovascular risk, with the impact 
greatest in those patients with preexisting risk factors [81].

It is not surprising, therefore, that in addition to effective 
weight loss, bariatric surgery results in a decrease in all- 
cause mortality [82, 83], as well as mortality from CAD. In 
fact, Adams et al. demonstrated a 56% reduction in mortality 
from coronary artery disease after bariatric surgery [84]. 
With long-term follow-up extending beyond a decade, bar-
iatric surgery in general was associated with reduced number 
of fatal cardiovascular deaths and lower incidence of first- 
time myocardial infarction or stroke [85]. Finally, obese 
patients with already known clinically significant cardiomy-
opathy seemed to benefit from weight loss surgery [86].

 Conclusion

Cardiovascular disease is a leading cause of death in 
American adults. Obesity has emerged as a major modifiable 
risk factor for future fatal and nonfatal cardiovascular events. 
Other than obesity, multiple factors have been identified as 
predictors of cardiovascular risk. Bariatric surgery is the 
most effective treatment of obesity and results in improve-
ment in all known modifiable risk factors for cardiovascular 
disease.

 Question Section

 1. Does gastric bypass surgery increase HDL?
 A. True
 B. False
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 2. Which procedure improves cardiac risk factors?
 A. Gastric band
 B. Sleeve gastrectomy
 C. Gastric bypass
 D. All of the above

 3. Which cardiac risk factors are improved following bariat-
ric surgery?
 A. Insulin resistance
 B. Dyslipidemia
 C. CRP
 D. Hypertension
 E. All of the above

 4. Long-term weight loss is similar between patients who 
undergo weight loss surgery and patients treated non- 
operatively (diet modification and exercise programs).
 A. True
 B. False
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