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Abstract

Background: Overweight and obesity are considered to be a global 
pandemic. Its associations with hypertension, diabetes and hyperlipi-
demia are important risk factors for cardiovascular diseases.

Methods: This was a retrospective, observational chart review of 
obese patients who were seen in our outpatient clinic for cardiovas-
cular clearance prior to an intended bariatric surgery between 2004 
and 2020. Data from patient’s demographics, risk factors, presence 
of coronary artery disease (CAD) and other cardiovascular diseases 
were collected from medical charts. They underwent clinical evalua-
tion, non-invasive workup including electrocardiograms, echocardio-
grams, treadmill exercise tests and some of them myocardial perfu-
sion studies and coronary angiograms when indicated, based on their 
symptoms and/or risk factors for CAD.

Results: From 761 patients studied, 7.6% (58 patients) underwent 
coronary angiograms, based on their non-invasive workup and their 
history. Among them, we found that 17 patients had significant CAD. 
It should be mentioned that this is a selected group of patients with the 
intention to undergo a bariatric surgical procedure, which this makes 
them somewhat different from the general population, and this could 
be considered among the limitations of our study.

Conclusions: Data from our selected population chart review showed 
that in this specific population, there was no high prevalence of car-
diovascular disease, specifically coronary atherosclerosis, dilated car-
diomyopathy, left ventricular hypertrophy, heart failure, atrial fibrilla-
tion, stroke, venous thrombosis and obstructive sleep apnea.
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Introduction

Obesity is a complicated, chronic health condition that was 
declared a global pandemic by WHO 20 years ago [1] and the 
numbers are increasing worldwide at an alarming rate, in both 
developed and developing countries, and in all age groups [2]. 
The Obesity Medicine Association defines obesity as a “chronic, 
relapsing, multifactorial, neurobehavioral disease, wherein an 
increase in body fat promotes adipose tissue dysfunction and ab-
normal fat mass physical forces, resulting in adverse metabolic, 
biomechanical and psychosocial health consequences” [3].

To categorize the overweight, the most common tool used 
is the WHO classification (Table 1), based on body mass index 
(BMI) which is calculated using the person’s weight in kilo-
grams divided by the square of his or her height in meters [3].

In 2016, 39% of the world’s adult population (more than 
1.9 billion adults) were overweight, of whom 13% (over 650 
million) had obesity [4]. Some studies predict that prevalence 
of world’s obese adults would increase from about 13% in 2016 
to 51% in 2030 [5]. This rising trend means also that obesity-
related comorbidities would increase as well, such as type 2 di-
abetes, hyperlipidemia, hypertension (HTN), obstructive sleep 
apnea (OSA), heart disease, stroke, etc. [6]. All have enormous 
impact on the quality of personal life, and they also contribute 
to higher healthcare costs and less work productiveness. Also 
these comorbidities lead up to more than 2.5 million deaths per 
year worldwide [7]. For this reason, the study of what causes 
obesity has become more important. Simplifying it, overweight 
and obesity develop when the amount of calories exceeds 
the expenditure over a long period of time, creating chronic 
positive energy balance [8]. The easy access to cheaper high-
calorie, low-nutrient food and the increase in sedentary time 
have increased significantly all around the world and are great 
contributors to the obesity pandemic [8]. Some studies indicate 
that other elements could play a major role in susceptibility to 
obesity such as genetic factors [9], disrupted sleep, variation in 
appetite, mental stress, viral infections, etc.

Since it is a functional organ, the pathologic adipose tissue 
enlargement can directly and indirectly contribute to cause det-
rimental consequences for health. Directly, obesity promotes 
the expression of proinflammatory cytokines that lead to infil-
tration of macrophages in the subendotelium, especially in the 
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coronary arteries. Fibrosis and decreased distensibility of heart 
chambers occur. It also increases stroke volume that over time 
causes left ventricular (LV) dilation and ends with remodeling 
and concentric LV hypertrophy with atrial enlargement caus-
ing diastolic dysfunction [10].

Obese population have an increased incidence of sleep 
apnea, HTN, diabetes mellitus, dyslipidemia and thromboem-
bolic disease, which indirectly raises the risk for cardiovascu-
lar diseases [10].

Materials and Methods

Study design

A retrospective, observational chart review was performed on 
761 patients who were seen at our clinic for cardiovascular 
clearance prior to an intended bariatric surgery between 2004 
and 2020. Patients at the clinic were included according to de-
cided inclusion criteria. The Ethics Committee of our outpa-
tient clinic waived the need for ethics approval and the need to 
obtain consent for the collection, analysis and publication of 
this retrospect study given the data obtained were anonymized. 
This study was conducted in compliance with all the applica-
ble institutional ethical guidelines for the care, welfare and use 
of animals.

Selection of participants

Inclusion criteria were: 1) Patients who were seen for cardio-
vascular clearance prior to an intended bariatric surgery be-
tween 2004 and 2020 with a BMI > 30 kg/m2; 2) Charts with 
complete information including demographics, height, weight, 
vital signs, electrocardiograms (ECGs) and echocardiograms. 
Exclusion criteria were charts with incomplete information.

Data collection

Data were retrospectively collected from medical charts. Infor-
mation on the following variables was collected: age, gender, 
weight, height, social history, previous history of HTN, type 2 
diabetes mellitus (T2MD), dyslipidemia, congestive heart fail-
ure (CHF), history of coronary artery disease (CAD), chronic 
kidney disease (CKD) and hypothyroidism. Echocardiograms, 
stress tests and Cath reports were reviewed. In addition, the 
BMI (weight (kg)/ height (m)2) was calculated and the WHO 
classification was used to evaluate BMI and types of obesity.

During the analysis of the social history of each patient, 
smoking status was determined based on the latest definition 
of the CDC for tobacco use/abuse [11]. For drinking status, we 
used the drinking levels published by The National Institute on 
Alcohol Abuse and Alcoholism (NIAAA) [12].

Among our study population, a group of patients under-
went coronary angiograms based on their non-invasive workup 
and/or personal/family history of premature CAD. A positive 
Cath was defined as the presence of any stenotic lesion in one 
or more coronary arteries, or the presence of previous percuta-
neous coronary intervention (PCI).

Statistical methods

The study was descriptive, and no hypothesis testing was per-
formed; therefore, no sample size calculation was made. Given 
the exclusion criteria, we did not have missing information. All 
the data were introduced in SPSS [13], and Microsoft Excel 
program and analyzed meticulously.

The quantitative variables are reported as median ± stand-
ard deviation (SD) and min.-max. ranges. The qualitative data 
were presented as frequency (n) and percentage (%) of preva-
lence. The population was divided into groups of age (less than 
50 years old and more or equal to 50 years old) to assess the net 
prevalence of CAD in our population.

Results

A total of 761 patients were included in this study, of whom 
208 (27.3%) were males, and 553 (76.7%) were females. Ap-
proximately three-quarters (78.4%) of them were in the mor-
bid obesity category (BMI ≥ 40). The highest BMI found was 
85.6.

The mean age was 44.8 ± 10.7 years, with more than half 
(61.9%) of them between ages 36 and 55. General characteris-
tics of our population like age, BMI, weight, height, past medi-
cal history and family history are shown in Table 2. The results 
are expressed as descriptive statistics as mean ± SD.

Type of obesity surgical procedure over a period of 16 
years started with lap-band, evolved into gastric sleeve and 
gastric bypass surgery (Fig. 1).

Left ventricular ejection fraction (LVEF) by echocardio-
gram was normal in 95.7% (n = 728) of the total study popula-
tion.

Left atrial (LA) diameter was measured by 2D echo, and 
we found that 269 patients (35.3%) had LA diameter > 4 cm. In 
terms of the variables measured between groups, it was found 
that there was no significant difference.

Of the patients, 72.9% (n = 585) had normal-mild LV sep-
tal wall thickness, 86.8 % (n = 661) had normal-mild LV pos-
terior wall thickness.

We found that treadmill exercise test and myocardial per-
fusion results in those who were tested were mostly normal in 
59.8%.

In 140 patients (18.4%), we were not able to perform the 
exercise or myocardial perfusion studies due to body habitus 

Table 1.  WHO Overweight Classification

Overweight 25.0 - 29.9 kg/m2

Class I obesity 30.0 - 34.9 kg/m2

Class II obesity 35.0 - 39.9 kg/m2

Morbid obesity 40.0 kg/m2 or higher
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limitations.
Of the patients, 38 (5%) showed abnormal myocardial 

perfusion and required coronary angiograms.
In those with a strong family history of premature CAD, 

we found 17 of them were positive for variable degrees of 
CAD. Details of all non-invasive tests are shown in Table 3.

Of 761 patients studied, 7.6% (58 patients) underwent 
coronary angiograms, based on their non-invasive workup and 
personal/family history of premature CAD. Among those who 
underwent catheterization, we found that 17 patients had sig-
nificant CAD (2.23%).

From those 17 patients with CAD, 70.6% (n = 12) were 
morbidly obese patients, mean age was 57.4 ± 7.7, which re-
vealed that a higher prevalence of cardiovascular risk factors 
in overweight people is present at older ages.

Of the patients, 76.5% (n = 13) had T2DM, 88.2% (n = 15) 
had dyslipidemia and 82.4% (n = 14) had HTN.

In the population with CAD, a history of previous tobacco 
abuse was found in 70.6% (n = 12) of patients and 64.7% (n 
= 11) reported a strong family history of CAD. Two out of 
the 17 patients required PCI on further evaluation. A complete 
description of the population diagnosed with CAD is given in 
Table 4.

In our selected patient population, the low incidence of 
CAD may be related to patients’ age (mean age was 44.8). In 
Table 5, we divided them according to age.

From 761 patients studied, 46 patients had follow-up car-
diac evaluation. We found that 11 patients (30.9%) underwent 
lap-band surgery, 17 patients (48.7%) had gastric sleeve and 
18 patients (53.8%) had gastric bypass surgery. We found that 

Table 2.  General Characteristics of the Study Population (n = 761)

Characteristics Total Female (n = 553) Male (n = 268)
Mean age (years) 44.8 ± 10.7 44.7 ± 10.8 45.1 ± 10.5
Mean weight (kg) 133.2 ± 30.8 124.7 ± 25.9 156.3 ± 31
Mean height (cm) 167.1 ± 9.7 163.3 ± 7.5 177.1 ± 7.7
Mean BMI (kg/m2) 47.5 ± 9.2 46.6 ± 9.0 49.7 ± 9.4
Previous history of HTN 444 (58.3%) 299 (54.1%) 62 (29.8%)
HTN diagnosed on the encounter 14 (1.8%) 13 (2.4%) 1 (0.5%)
Type 2 diabetes 246 (32.3%) 177 (32%) 69 (33.2%)
Dyslipidemia 320 (42%) 233 (42.1%) 87 (41.8%)
CHF 7 (0.9%) 6 (1.1%) 1 (0.5%)
History of CAD 11 (1.4%) 2 (0.4%) 9 (4.3%)
CKD 2 (0.2%) 1 (0.2%) 1 (0.5%)
Hypothyroidism, on therapy 87 (11.4%) 68 (12.3%) 12 (5.8%)

BMI: body mass index; HTN: hypertension; CHF: congestive heart failure; CAD: coronary artery disease; CKD: chronic kidney disease.

Figure 1. Change in type of bariatric surgery along time.
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the highest mean weight loss was in patients who underwent 
gastric bypass surgery.

Discussion

The prevalence of morbid obesity is on the rise and epidemi-
ologic studies show Houston among the top 10 cities in the 
country with a large prevalence of morbidly obese patients.

Over the years and since the research started on CAD risk 
factors in Framingham (1948), obesity was and has been con-

sidered as the sixth important risk factor after hyperlipidemia, 
diabetes mellitus, HTN, smoking, family history of premature 
CAD and other minor risk factors.

Obesity is a huge public health problem. It is estimated to 
affect more than 1 billion people in different continents. Obe-
sity is defined as an excess fat mass (FM) that impairs health. 
Cardiovascular and metabolic effects are well described over 
the past 40 years.

Obesity is a risk factor for atherosclerosis and coronary 
heart disease (CHD). Adipose tissue produces pro-inflamma-
tory cytokines which can induce cardiac dysfunction and the 

Table 3.  Non-Invasive Workup

n (%)
Treadmill exercise test/myocardial perfusion study results
  No evidence of ischemia 455 (59.8%)
  Abnormal test result 55 (7.2%)
  Abnormal test result that required a Cath 38 (5.0%)
  Inconclusive test result 73 (9.6%)
  Not done (body habitus limitations) 140 (18.4%)
Echocardiogram
  EF normal range (M: 52-72%; F: 54-74%) 728 (95.7%)
  EF mildly abnormal (M: 41-51%; F: 41-53%) 30 (3.9%)
  EF moderately abnormal (M&F: 30-40%) 2 (0.3%)
  EF severely abnormal (M&F: < 30%) 1 (0.1%)
Septal wall thickness
  Normal-mildly abnormal 585 (72.9%)
  Moderate-severe hypertrophy 176 (23.1%)
Posterior wall thickness
  Normal-mildly abnormal 661 (86.8%)
  Moderate-severe hypertrophy 100 (13.1%)
LA diameter by 2D echo
  LA diameter ≤ 4 cm 492 (64.7%)
  LA diameter > 4 cm 269 (35.3%)
DD
  Normal LV relaxation 534 (70.2%)
  Grade I DD 223 (29.3%)
  Grade II DD 4 (0.5%)
Valve disease
  AS 1 (0.1%)
  AR mild 10 (1.3%)
  AR moderate 1 (0.1%)
  MR mild 72 (9.5%)
  MR moderate 4 (0.5%)
  TR mild 48 (6.3%)
  TR moderate 2 (0.3%)

EF: ejection fraction; LA: left atrial; LV: left ventricular; DD: diastolic dysfunction; AS: aortic stenosis; AR: aortic regurgitation; MR: mitral regurgitation; 
TR: tricuspide regurgitation.
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formation of atherosclerotic plaque. Cardiovascular effects 
include atrial and ventricular enlargement, HTN, atrial fibril-
lation, dilated cardiomyopathy, CHF, OSA and venous throm-
boembolism.

The first step in obesity treatment is usually changes in life 
and eating habits. Unfortunately, diet therapy is comparatively 
ineffective in treating obesity in the long term [11, 14]. Weight 
loss surgery is the most effective intervention for weight re-
duction particularly in patients with BMI ≥ 40, or a BMI ≥ 
35 with comorbid conditions. Bariatric surgery is an effective 
weight-loss intervention for morbidly obese patients, and also 
a successful treatment for comorbidities such as T2DM and 
HTN [15]. From the current available types of bariatric surger-
ies, gastric sleeve is currently the most frequently performed 
bariatric procedure in the USA [13].

The medical literature has a wealth of research dedicated to 
obesity. In people with high BMI, it could be related to excess FM 
or lean mass (LM). The increase in LM may have a protective ef-
fect, a phenomenon described as the “obesity paradox” [16].

In our selected patient population, the low incidence 
of morbid cardiovascular effects may be related to patients’ 
age: female gender (72.7%) and the above described obesity 
paradox. Besides this, it was a selected group of patients with 
the intention to undergo a bariatric surgical procedure which 
makes them somehow different from the general population, 
which could be considered among the limitations of our study.

Obesity is consistently associated with an increased risk of 
metabolic and cardiovascular disease.

CHD is the leading cause of death in men and women in 
the US population. It increases the risk of fatal heart attacks 
even in the absence of HTN and DM. The average age of heart 
attack is 64.5 for men and 70.3 for women.

Conclusion

Although in the general population, obesity and, especially, 
morbid obesity are associated with a higher risk of CVD and 
mortality, we found only a small number of patients with 
CAD, heart failure, stroke and cardiomyopathy in our study 
population. Female gender (76.7%), age and obesity paradox 
are the three major factors to explain the low prevalence of 
cardiovascular disease in our study group.
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