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Abstract

Background—Obesity is associated with elevated coronary artery calcium (CAC), a marker of 

coronary atherosclerosis that is strongly predictive of cardiovascular events. we evaluated the 

effects of marked weight loss achieved through roux-en-Y gastric bypass surgery (GBS) on CAC 

scores.

Methods—We performed echocardiography and computed tomography of the heart in 149 

subjects 6 years after enrollment in a prospective registry evaluating the cardiovascular effects of 

GBS. coronary calcium scores, left ventricular ejection fraction and left ventricular mass were 

measured.

Results—At baseline most coronary risk factors were similar between the GBS and nonsurgical 

groups including current smoking, systolic blood pressure, LDL-C, HDL-C, and TG. However, 

GBS patients were younger (4.7 years), less likely to be diabetic and less likely to be 

postmenopausal. At 6 years after enrollment, CAC score was significantly lower in patients who 

underwent GBS than those without surgery (p<0.01). GBS subjects had a lower likelihood of 

having measureable coronary calcium (odds ratio of CAC > zero = 0.39; 95% CI of (0.17, 0.90)). 

Significant predictors of zero CAC were GBS, female gender, younger age, baseline BMI, and 

baseline LDL-C. Substituting change in BMI for group status as a predictor variable showed that 

BMI change also predicted CAC (p=0.045). Changes in LDL-C did not predict the CAC 

differences between groups (p=0.67).

Conclusions—Sustained weight loss achieved through bariatric surgery is associated with less 

coronary calcification. This effect, which appears to be independent of changes in LDL-C, may 

contribute to lower cardiac mortality in patients with successful GBS.
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Introduction

The prevalence of obesity has doubled over the past 30 years with nearly 70% of adults in 

the United States now classified as overweight or obese.1 Severe obesity, defined as body 

mass index (BMI) > 35 kg/m2, is the fastest growing category of obesity.2 There is 

substantial evidence that obesity is a risk factor for the development of premature and 

accelerated atherosclerosis.3-7 A variety of mechanisms have been postulated to account for 

the pro-atherogenic effects of obesity, including the frequent coexistence of conventional 

coronary risk factors in obese individuals as well as putative atherogenic pathways that are 

independent of traditional risk factors.8-9 There is growing appreciation for the potential role 

of fat-secreted hormone signaling in obesity-related vascular disease.10-12

Atherosclerotic plaques may develop areas of calcification that are thought to represent 

healing of inflammatory foci or sites of intraplaque hemorrhage. The local inflammation 

may lead to transformation of smooth muscle cells into osteoblastic cells and/or activation of 

existing osteoblastic cells in the arterial wall.13 Calcified plaque can be readily detected and 

quantified using noncontrast computed tomography.14 Coronary artery calcium (CAC) 

scores are related to the total atherosclerotic burden in the coronary arterial tree.14 Coronary 

artery calcium scores of zero are associated with an extremely low 5 year cardiovascular 

event rate15 while higher CAC scores are strongly Associated with progressively higher 

event rates.16 Coronary calcium scores predict coronary events and long- term survival with 

much greater accuracy than framingham risk scores.17 Some clinicians have advocated the 

use of CAC scoring to decide on the use or intensity of lipid lowering therapies such as 

statins.18 Because of the noninvasive nature of the testing and the quantitative data that can 

be obtained, CAC scoring can be readily used to track progression or regression of calcified 

coronary atherosclerosis.5, 19, 20 Obesity appears to be a risk factor for more rapid 

progression of CAC scores over time3, 21, but it is unknown whether weight loss slows CAC 

development.

Bariatric surgery is the only effective method of producing rapid and 99 sustained weight 

loss in severe obesity.22 Hence, these procedures are being used with increasing frequency. 

Depending upon the type of procedure done, patients lose ~ 30-45% of their body weight by 

2 years after surgery.22 This degree of weight loss has been associated with sustained 

improvements in systolic blood pressure, insulin resistance, hyperlipidemia and sleep 

disordered breathing.22-24 These beneficial changes in coronary risk factors should 

theoretically lead to a major reduction in cardiovascular event rates.25 Some published 

studies support this prediction.26

We measured CAC scores in 149 consecutive patients returning for 6-year follow up as part 

of a prospective registry examining the effects of gastric bypass surgery (GBS). We tested 

the hypothesis that GBS patients would have lower CAC scores than a matched group of 

nonsurgical patients with continued obesity.
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Methods

Study population

The institutional review board of the University of Utah Health Sciences Center approved 

the protocol. All patients signed a written consent. The rationale and design of the utah 

obesity study have previously been reported. 27 This is a prospective, longitudinal study 

comparing a variety of metabolic, anthropometric, pulmonary, psychosocial and 

cardiovascular endpoints in severely obese subjects undergoing GBS vs. severely obese 

subjects treated without bariatric surgery. roux-en-Y GBS was done in all surgical patients. 

Patients in the nonsurgical reference group did not have any specific interventions mandated 

by the study protocol.

Experimental Protocol

Participants were examined at the Huntsman General Clinical Research Center. Data were 

obtained at the initial visit (Baseline), ~ 24 months later (2 years) and again ~ 6 years after 

initial enrollment. Clinical and echocardiographic findings from the 2-year and 6-year 

follow up visits have been reported previously.23, 28, 29 A group of consecutive subjects 

returning for 6-year follow up were invited to undergo computed tomography for CAC 

scoring. the only exclusion criterion was possible pregnancy.

Serum Chemistry—At each visit, following a 12-hour overnight fast, venous blood was 

drawn for measurement of 20 chemistry variables including glucose, insulin, glycosylated 

hemoglobin (HbA1c) and a lipid profile. Diabetes was defined as a fasting blood glucose 

level ≥126 mg/dl, an HbAIc level ≥6.5%, or taking antidiabetic medications. Hypertension 

was defined as a blood pressure ≥140/90 mmHg or taking antihypertensive medications.

Blood Pressure—Blood pressure was measured using automated equipment (Dinamap, 

Critikon, Tampa, FL). After 5 min of sitting in a quiet room, 3 consecutive bp readings were 

obtained from the right arm (2 min apart). The mean value was used for analysis.

Echocardiography—Standard 2-dimensional and Doppler echocardiograms were 

performed. Left ventricular dimensions were measured from 2-dimensional images 

according to american society for echocardiography recommendations.30 Left ventricular 

mass and ejection fraction were calculated from these measurements.

Computed tomography of the chest—Electrocardiographic-gated, noncontrast, axial 

scanning of the chest was performed using prospective triggering with contiguous, 

nonoverlapping 3 mm slices (definition, siemens). The scan began at the bifurcation of the 

carina and continued to the bottom of the heart. The kVp was set at 120 mV. The scanner 

adjusted the tube current automatically. The CAC score was measured by 2 independent, 

blinded clinicians (TP and SEL) using siemens software. Both agatston and calcium volume 

scores were obtained (representative examples shown in figure 1).

Statistical analysis—Continuous variables and changes in continuous variables were 

compared between groups using a student's t-test. Categorical variables were compared 
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between groups by a chi-square test. Mean CAC score differences were compared using a 

nonparametric two-sample wllcoxon score test, median scores were compared by the median 

score test, and four coronary calcium categories were compared between groups by a 

mantel-haenszel chi-square test. Multiple logistic regression tested for the relationship of 

CAC>0 versus CAC=0 with surgery group after adjusting for baseline variables that might 

confound the relationship between CAC and GBS. Odds ratios for one standard deviation of 

each continuous covariate are presented. Clinically relevant variables that were significant in 

the univariable models were included in the final multivariable model.

Results

We enrolled 65 GBS patients and 84 nonsurgical patients. Baseline clinical characteristics of 

the cohort for this study are shown in table 1. At enrollment, the nonsurgical subjects were 

slightly older than subjects who had gastric bypass surgery (47 vs. 43 years, p=0.007), 

weighed less (125 vs. 134 kg, p=0.04) and had lower glucose levels and less diabetes. 

Insulin levels, however, did not significantly differ between groups. Blood pressures, lipids, 

LV mass and ejection fraction, and smoking status also did not significantly differ between 

groups at baseline.

At the time of the 6-year visit, patients in the GBS group had lost a mean of 40.5 kg body 

weight vs. a gain of 1.3 kg (p < 0.001) in the control group. Metabolic risk factors for 

coronary artery disease significantly improved between baseline and year 6 in gbs compared 

with control subjects: LDL cholesterol (−1.3 vs. +21.9 mg/dl), HDL cholesterol (+9.4 vs. 

−2.8 mg/dl), serum triglycerides (−69.5 vs. +9.6 mg/dl), fasting glucose (− 18.9 vs. + 1.5 

mg/dl) and systolic blood pressure (−8.4 vs. +1.8 mmhg) (all p<0.01). Left ventricular mass 

declined from baseline to 6 years in the GBS (p=0.02), but not the control subjects (p=0.82). 

However, the difference in the change between groups did not reach statistical significance. 

Left ventricular ejection fraction did not significantly change in either group between 

baseline and year 6.

Table 2 shows the mean, median, and CAC distribution in the two study groups. Seventy-

two percent of the GBS group had no measurable CAC compared with 49% in the control 

group, with the overall distributions of CAC across four categories significantly different 

between groups (p=0.003). Because the greatest difference in CAC distribution percentages 

between the two groups occurred in the 0 CAC category, further logistic regressions were 

run using presence or absence of CAC as the dependent variable to assess the influence of 

additional covariates on CAC scores.

Table 3 shows the significant covariates that predict the presence or absence of CAC (>0 vs. 

0). Only gender, age at CAC measurement, baseline BMI, and baseline LDL-C significantly 

predicted the presence of CAC. after adjustment for these covariates, the odds ratio (95% ci) 

of having > 0 CAC for the GBS versus the control group was 0.39 (0.17, 0.90). Baseline 

systolic blood pressure, insulin, HDL-C, smoking status, income level, marital status, or 

education level were not significant in the logistic model. Despite diabetes prevalence being 

significantly different at baseline between groups, it did not significantly predict the 

presence of CAC and the group difference remained significant (p=0.034) with diabetes in 
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the model. Replacing diabetes with either glucose or HbA1c in the logistic model showed 

that neither of these variables significantly predicted CAC. Neither baseline nor change in lv 

mass or ejection fraction predicted CAC. A stepwise logistic model was used forcing into 

the model gender, age, baseline BMI and baseline LDL-C and allowing variables 

representing changes from baseline to the 6-year exam to enter, including changes in LDL-

C, triglycerides, HDL-C, systolic and diastolic blood pressure, glucose, insulin and HbAic. 

None of these change variables entered the logistic model and did not further explain CAC. 

When group status was replaced by BMI change and LDL-C change in the logistic model, 

greater BMI loss was associated with an odds ratio for elevated CAC of 0.61 for a 1 sd 

decrease in BMI of 8.7 kg/m2 (95% ci, 0.38-0.99; p=0.045). The odds ratio for LDL-C 

change was not significant (or 1.11; ci 0.68-1.82 for a 1 sd decrease in LDL-C of 36.7 

mg/dl; p=0.67).

Discussion

Severe obesity is increasingly being treated with bariatric surgery. The cost effectiveness of 

this approach will be largely determined by the ability of the surgical procedure to prevent 

adverse, long-term sequelae of obesity. In addition to other known benefits of bariatric 

surgery, surgical weight loss is predicted to reduce cardiovascular events as there are 

dramatic and sustained improvements in nearly all of the known nc no coronary risk 

factors.23, 25, 28 The results of the current study support the hypothesis that the marked 

weight loss and improvement in risk factors after bariatric surgery may slow the progression 

of coronary atherosclerosis, thus resulting in lower CAC scores in GBS compared to 

nonsurgical obese patients after 6 years.

In the 1980's, medical treatments for hypercholesterolemia were extremely limited. The 

program on surgical control of Hypercholesterolemia (posch) used ileal diversion to lower 

serum cholesterol levels.31 This procedure is related to current gastric bypass surgeries, 

although ileal diversion produces more pronounced malabsorption. The patients studied in 

POSCH were not necessarily overweight and the surgery was not intended to be a means of 

weight loss. This relatively extreme form of lipid lowering treatment, when applied to a 

group of patients with known coronary artery disease, was found to be associated with 

slower progression of coronary arterial luminal narrowing as assessed by serial invasive 

angiography.31

Invasive angiography is not an acceptable method for longitudinal study of atherosclerosis 

in asymptomatic patients. Fortunately, newer, noninvasive methods of tracking 

atherosclerosis are now available. Coronary calcium scoring gives reproducible, quantitative 

measures of calcified plaque that are highly predictive of future coronary events. Coronary 

calcium scoring is currently considered to be appropriate in asymptomatic patients with 

intermediate risk factors for coronary events, or selected lower risk patients such as those 

with a family history of premature coronary artery disease.32 Calcification of atherosclerotic 

plaques is thought to be, at least in part, a response to injury, inflammation or hemorrhage.13 

As such, the presence of coronary calcium suggests prior “active” plaques. In the short term, 

increased calcification of plaques may actually represent a healing process. perhaps, this 

explains the surprising lack of effect of statin therapy on progression of 90 CAC in most 
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short to intermediate term studies (< 1 year) of this therapy.20, 33 However, if progression of 

atherosclerosis is truly slowed, then over a longer period of time, effective therapy should 

reduce the appearance of new coronary calcification, a process that tends to continue 

inexorably in most patients with CAC present at the time of a baseline examination. Only 1 

randomized, long-term study has suggested that CAC progression may be slowed by a 

pharmacological intervention. The women's health Initiative randomized women with prior 

hysterectomy, age 50-59, to estrogen therapy or placebo.34 At seven years after enrollment, 

the women randomized to estrogen had significantly lower CAC scores than those 

randomized to placebo.34 In that study, like ours, baseline CAC scores were not available. 

The findings from the women's health study, in conjunction with the present data, support 

the concept that it will typically require studies with long time frames (likely > 5 years) in 

order to demonstrate whether an intervention alters CAC progression. The mechanistic 

pathways by which GBS or weight loss are independently associated with zero CAC, will 

require additional investigation. It is tempting to speculate that improvements in traditional 

coronary risk factors and more novel risk markers such as adipocytokines or other 

inflammatory markers could be involved.

Despite the fact that long studies will be necessary, using CAC as a marker of 

atherosclerosis progression has many compelling advantages. The test is quick, painless, low 

cost and increasingly available. The results of CAC scoring are quantitative and have good 

reproducibility. A high degree of reader training and skill is not required for accurate 

interpretation. The rate of progression of CAC is relatively high in the general population, 

estimated at 25 agatston units/year in participants of the mesa study.19 Thus, it is feasible to 

detect changes in the rate of progression studying smaller study populations. Calcium scores 

have very high predictive value for cardiac events and cardiovascular mortality35, and 

hence, have been proposed as a useful surrogate for hard clinical endpoints. It will almost 

certainly take more patients and longer studies to prove whether weight loss interventions 

definitively change both CAC scores and clinical outcomes.

Limitations

There are 2 major limitations of this study: 1) this is a cross sectional sample that includes 

only a subset (n=149) of the subjects enrolled in the study, and 2) we do not have baseline 

CAC scores so we cannot assess changes in CAC over time. The reasons for this are that 

CAC scoring was not part of the original protocol. It was not widely available at the 

inception of this longitudinal study, which began in 2001 and was conceived prior to that. 

Unlike many studies of bariatric urgery, we did include a reference group of subjects with 

continued obesity that were enrolled and followed concurrently. This allows us to draw 

inferences about differences in CAC scores at follow up, even though this parameter was not 

evaluated initially. Conclusions based on differences between groups at follow up are 

predicated on the fact that the groups were relatively well matched at baseline in terms of 

coronary risk factors. Fortunately this is the case. We cannot exclude the possibility that the 

lower CAC scores in the patients who underwent GBS are the result of a sampling error 

rather than a result of weight loss. However, it seems plausible that GBS with subsequent 

weight loss does alter the course of coronary atherosclerosis given the profound and 

sustained improvements in coronary risk factors that persist for years after GBS.25, 28 No 
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other single treatment has produced this breadth and magnitude of coronary risk factor 

attenuation. Nonetheless, prospective data will be needed before it can be concluded that 

GBS and its related beneficial effects fundamentally alters atherosclerosis.

Implications

Bariatric surgery continues to be the most effective means of producing sustained weight 

loss and reduction in coronary risk factors in severely obese patients. The use of bariatric 

procedures is increasing rapidly and new procedures such as the gastric sleeve operation are 

being introduced. The cost of bariatric surgery occurs at the time of the procedure while 

many of the cost benefits, such as potential reductions in cardiovascular morbidity, are 

delayed. Our study supports the hypothesis that there is substantial long-term cardiovascular 

benefit from surgical weight loss procedures independent of traditional risk factors such as 

lowering cholesterol.
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Figure 1. 
Examples of noncontrast computed tomography of the chest in a subject with no coronary 

calcium (A) and a subject with significant coronary calcification (arrowheads) seen in the 

left main (LM) coronary artery and left anterior descending (LAD) artery (B). Other 

structures shown include the main pulmonary artery (MPA), ascending aorta (asc ao), right 

pulmonary artery (RPA) and descending aorta (desc ao).
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Table 1

Baseline characteristics of the study cohort.

Nonsurgical (n=84) Gastric Bypass Surgery (n=65) p value

Age (years) 47.5±11.2 42.8±9.1 0.007

Gender (%male) 25 18 0.34

Body mass index (kg/m2) 44.0±6.6 47.1±7.6 0.010

Weight (kg) 125.4±25.5 134.0±25.2 0.04

Current smoker (%) 4.8 12.5 0.09

Menopause (% of females) 54.0 32.1 0.02

Diabetes (%) 35.7 16.9 0.011

Hypertension (%) 47.6 35.4 0.13

Systolic blood pressure (mmHg) 133.7+18.8 128.8±19.7 0.12

Diastolic blood pressure (mmHg) 78.9±14.2 76.1±14.2 0.23

LDL cholesterol (mg/dl) 120.4±33.5 119.7±34.2 0.90

HDL cholesterol (mg/dl) 45.1±9.7 45.1±12.4 0.99

Triglycerides 182.4±90.8 204.8±132.5 0.22

(mg/dl)

Glucose (mg/dl) 113.9±28.7 99.4±25.7 0.002

HbA1c (%) 6.1±1.03 5.6±0.60 0.0002

Insulin (μU/ml) 15.5+8.3 15.9±9.9 0.77

Left ventricular mass (g)* 188.6+59.1 190.5±68.7 0.87

Left ventricular ejection fraction (%)* 65.2±8.1 66.8±9.8 0.35

Years Education 13.8±2.3 14.2±2.2 0.29

Income category† 3.3+1.3 3.8±1.2 0.014

*
For left ventricular mass and ejection fraction at baseline there were only 57 and 51 measurements available.

†
Six categories of income: 1=<10K; 2=10-29K; 3=30-49K; 4=50-69K; 5=70-99K;6=≥100K

Obes Surg. Author manuscript; available in PMC 2016 January 01.



N
IH

-P
A

 A
uthor M

anuscript
N

IH
-P

A
 A

uthor M
anuscript

N
IH

-P
A

 A
uthor M

anuscript

Priester et al. Page 12

Table 2

Computed tomographic results at 6 year follow up.

Coronary Artery Calcium Score No Gastric Bypass Surgery (n=84) Gastric Bypass Surgery (n=65) P value

Mean±SD (range) 103±325 (0-2516) 30±109 (0-645) 0.002*

Median (IQR) 1 (0-32) 0(0-1) 0.004†

Calcium score category 0.003‡

0 49% (n=41) 72% (n=47)

1-10 18% (n=15) 14% (n=9)

11-100 17% (n=14) 8% (n=5)

>100 17% (n=14) 6% (n=4)

Data shown in table are Agatston scores.

*
Wilcoxon two-sample score test

†
Median score test

‡
Mantel-Haenszel chi-square test
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Table 3

Logistic Regression Coefficients for the Presence or Absence of cac

Variable Odds Ratios (95% Confidence Intervals p-value

Gender (F vs. M) 0.22 (0.08, 0.57) 0.002

age at cac measurement (for 1 SD of 10.4 y) 2.8 (1.8,4.4) <0.001

Baseline BMI (for 1 SD of 7.2 kg/m2) 1.6(1.1,2.5) 0.020

Baseline LDL-C (for 1 SD of 33.7 mg/dl) 1.7(1.1,2.6) 0.011

Group (GBS vs. Controls) 0.39 (0.17, 0.90) 0.027
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