Effect of Bariatric Surgery on Cardiovascular Risk Profile
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Obesity is associated with increased risk for cardiovascular (CV) disease (CVD) and CV
mortality. Bariatric surgery has been shown to resolve or improve CVD risk factors, to
varying degrees. The objective of this systematic review was to determine the impact of
bariatric surgery on CV risk factors and mortality. A systematic review of the published
research was performed to evaluate evidence regarding CV outcomes in morbidly obese
bariatric patients. Two major databases (PubMed and the Cochrane Library) were
searched. The review included all original reports reporting outcomes after bariatric
surgery, published in English, from January 1950 to July 2010. In total, 637 studies were
identified from the initial screen. After applying inclusion and exclusion criteria, 52 studies
involving 16,867 patients were included (mean age 42 years, 78% women). The baseline
prevalence of hypertension, diabetes, and dyslipidemia was 49%, 28%, and 46%, respectively. Mean follow-up was 34 months (range 3 to 155), and the average excess weight loss
was 52% (range 16% to 87%). Most studies reported significant decreases postoperatively
in the prevalence of CV risk factors, including hypertension, diabetes, and dyslipidemia.
Mean systolic pressure reduced from to 139 to 124 mm Hg and diastolic pressure from 87
to 77 mm Hg. C-reactive protein decreased, endothelial function improved, and a 40%
relative risk reduction for 10-year coronary heart disease risk was observed, as determined
by the Framingham risk score. In conclusion, this review highlights the benefits of bariatric
surgery in reducing or eliminating risk factors for CVD. It provides further evidence to
support surgical treatment of obesity to achieve CVD risk reduction. © 2011 Elsevier Inc.
All rights reserved. (Am J Cardiol 2011;xx:xxx)
Reducing cardiovascular (CV) disease (CVD) risk is a
primary public health imperative given the substantial morbidity and mortality associated with the disease. The most
effective nonpharmacologic means of achieving such risk
reduction is weight loss. Even a moderate 5% to 10%
weight loss through diet and lifestyle interventions has been
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shown to decrease the risk for conversion from impaired
glucose tolerance to overt diabetes and can maintain blood
pressure reductions over prolonged periods of follow-up.1
More dramatic weight loss after bariatric surgery has been
associated with even greater benefits, such as reduced CV
mortality and total mortality in obese patients, particularly
those with diabetes.2 These effects on mortality are due
largely to the remarkable consequences of surgical intervention on individual co-morbid conditions such as diabetes,
hypertension, and hyperlipidemia. Functional and electrical
cardiac investigations also document positive changes in
cardiac parameters (structural and electromechanical) after
weight reduction.3 The purpose of this systematic review
was to evaluate the current evidence regarding CVD risk
reduction after bariatric surgery. We examined the shortand long-term effects of all bariatric interventions on the
foremost modifiable traditional risk factors for CVD (hypertension, diabetes mellitus, and hyperlipidemia). We also
examined the effects of surgically induced weight loss on
objective measures of cardiac function, disease, or risk, by
evaluating studies that reported the results of echocardiography, electrocardiography, arterial reactivity testing, C-reactive protein (CRP) levels, and Framingham risk scores
pre- and postoperatively.
Methods
The present review was conducted according to the Preferred Reporting Items for Systematic Reviews and MetaAnalyses statement.4 We conducted a comprehensive review of all studies published in English containing data on
www.ajconline.org
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Figure 1. Study flowchart illustrating the study screening and selection process.

CV outcomes, risk factors, and risk reduction in obese
patients after any form of bariatric surgery. We performed
an electronic search in 2 databases (PubMed and the Cochrane Library) for relevant interventional or observational
studies published from January 1, 1950, to July 1, 2010. The
search string used was as follows: bariatric surgery (Medical Subject Headings [MeSH]) OR obesity/surgery (MeSH)
OR gastric bypass (MeSH) OR gastroplasty (MeSH) OR
biliopancreatic diversion (MeSH) OR jejunoileal bypass
(MeSH) OR gastric banding OR duodenal switch AND
cardiovascular diseases (MeSH) AND outcome assessment
(health care) (MeSH) OR outcomes. In addition to the
primary electronic search, we reviewed the “related citations” linked to each citation in PubMed and manually
reviewed the bibliographies of selected reports and reviews
published in the past 5 years.
Only reports published in English were included for
review. Inclusion criteria were as follows; prospective and
retrospective series reporting on outcomes related to CVD,
CV risk, objective measures of cardiac function, or cardiac
disease biomarkers after bariatric surgery in an obese population. Studies were included if they reported clinical outcome (control of hypertension, hyperlipidemia, and diabetes), laboratory-based measures of cardiac disease and risk
(echocardiography, electrocardiography, and CRP), or risk
estimates of cardiac disease (Framingham risk score) postoperatively. Case reports or small case series involving !50
patients, review articles, and studies reporting on surgical
techniques or weight loss only as a primary outcome were
excluded. Multiple publications involving the same series of

patients (or duplicate patient populations) were identified
and grouped together; only the most recent or parent study
was included in this review to avoid double counting of
patients. In cases in which we were uncertain about duplicate patient groups (the same group or institution reporting
outcomes for a similar period, without clear indications that
the smaller report was a substudy or interim results), a
consensus was reached among the investigators regarding
its inclusion or exclusion.
Data extraction from selected studies was based on
protocol-defined criteria. Statistical analyses were performed only on the extracted data from the selected studies.
Basic descriptive statistics (simple counts and means) were
used to summarize the patient and study characteristics,
reported weight loss, and CV risk factor data. Average
unweighted values were calculated for the weight loss, CV
risk factor, and mortality data across all studies and for the
different operative procedures. Outcomes collected for CV
risk reduction included resolution or reduction of hypertension, dyslipidemia, and diabetes; decrease in CRP level;
decrease in Framingham risk score; or other improvements
in markers of cardiac disease or function. Other efficacy
outcomes collected included percentage excess weight loss
(%EWL). Where %EWL was not specifically stated, but
weight loss was reported in terms of body mass index (BMI)
reduction, %EWL was calculated as (BMI at baseline "
BMI postoperatively)/(BMI at baseline " 25) # 100, on the
basis of the assumption that “ideal weight” after bariatric
surgery was equivalent to achieving a BMI of 25 kg/m2.
These outcomes were assessed at the longest time point for
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Table 1
Summary of studies included in review
Follow-Up
(Months)

Mean Age
(Years)

Women

Baseline
BMI (kg/m2)

Study Procedures

461
100
195
137
50
50
197
106
838
362
82
347
295
110
50
343
645
450
70
50
925
709
116
115
400
105
402
101
350

36
12
12
26
12
12
40
40
36
36
12
18
48
24
12
120
12
12
15
48
3
12
6
85
24
48
24
65
36

41.5
42
43.8
41.4
43
42
44
42
44
43
38
40
41
41
37
41
30
42
47
38
45
41
42
39
45
54
42
45
40

59%
89%
83%
77%
74%
94%
8%
80%
8%
85%
74%
77%
79%
76%
66%
80%
6%
80%
69%
80%
87%
85%
87%
76%
84%
71%
83%
83%
83%

49
49
49
46
56
55
51
44
50
56
44
42
47
47
54
45
45
47
56
43
45
47
52
43
39
50
46
51
45

United States
Canada
Italy
United States
United Kingdom
Sweden

155
1,035
1,356
75
122
2,010

36
30
155
12
12
131

48
45
37
NA
45
47

92%
66%
68%
NA
75%
71%

49
47
48
54
46
48

BPD
RYGB
LGB
RYGB and BPD
RYGB
LGB
RYGB
LGB and RYGB
LGB
LGB and RYGB
RYGB
RYGB and VBG
LGB
RYGB and VBG
RYGB
BPD
RYGB and VBG
RYGB
RYGB, LGB, and SG
RYGB
RYGB
LGB
RYGB
VBG
RYGB
RYGB
LGB
LGB and BPD
RYGB and BPD with
DS
RYGB
RYGB and VBG
BPD
RYGB
LGB
LGB, RYGB and VBG

United States
Switzerland
United States
Italy
Spain
New Zealand

271
388
1,025
107
115
342

6
84
144
24
24
48

25
43
39
37
45
43

87%
77%
78%
79%
NA
76%

58
48
NA
47
52
53

2008

United States

59

60

49

NA

52

2009
2009
2009
2009
2010
2007
2007
2006
2007

United States
United States
Taiwan
United States
Taiwan
United States
Taiwan
Spain
United States

62
92
640
50
66
97
69
70
500
16,867

15
12
12
12
3
12
6
12
12
34

46
46
31
44
31
43
34
42
45
42

82%
78%
69%
76%
65%
89%
71%
59%
81%
78%

47
45
43
53
52
49
52
46
48
48

First Author

Year

Traditional CV risk factor studies
Adami8
Ahmed10
Ahroni11
Alexandrides9
Anderson12
Bacci13
Batsis14
Bowne15
Brancatisano16
Cottam17
Cowan18
Fernstrom19
Frigg20
Goergen21
Khalaileh22
Larrad-Jimenez23
Lee24
Maher25
Mattar26
Müller27
Obeid28
O’Brien29
Papasavas30
Paran31
Peluso32
Pinheiro33
Ponce34
Pontiroli35
Prachand36

2005
2009
2005
2007
2007
2002
2007
2006
2008
2006
1998
2006
2004
2007
2008
2007
2004
2008
2005
2008
2005
2002
2002
2007
2007
2008
2004
2009
2010

Italy
United States
United States
Greece
United States
Italy
United States
United States
Australia
United States
United States
United States
Switzerland
Luxemburg
Israel
Spain
Taiwan
United States
United States
Switzerland
United States
Australia
United States
Israel
United States
Brazil
United States
Italy
United States

2006
2006
1998
2008
2008
2007
2004
2004
2009
2003
2005
2009
2005

Puzziferri37
Sampalis7
Scopinaro38
Sears39
Singhal40
Sjöström5,6,*
Spivak41
Steffen42
Sugerman43
Valera-Mora44
Vila45
White46
Yan47
Novel CV risk factor/score
Agrawal48
Arterburn49
Chen50
Habib51
Hsuan52
Kligman53
Lin54
Serra55
Torquati56
Total

Country

n

LGB
LGB and RYGB
RYGB
BPD
BPD
RYGB (and Silastic
ring)
RYGB
RYGB
RYGB
LGB and “mini-bypass”
RYGB
RYGB and SG
RYGB
VBG
RYGB
RYGB

DS $ duodenal sleeve; LGB $ laparoscopic gastric banding; NA $ not available; SG $ sleeve gastrectomy; VBG $ vertical banded gastroplasty.
* Data taken from 2 publications by the same group on the same cohort of obese surgical patients.
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which data were available on !50% of the initial patient
population. In studies with control groups, the change in
values between baseline and follow-up indicators of CV risk
was obtained for the surgical cohort only. For studies that
reported results by gender, age, or race, we calculated the
overall results using the proportional mix of genders (or
other variables) and individual scores. CVD risk reduction
indicators were expressed as the percentage of patients who
had resolution or reduction of hypertension, dyslipidemia,
and diabetes as determined by clinical or laboratory measurements (blood pressure readings, serum lipid profiles,
and fasting blood glucose and glycosylated hemoglobin measures, respectively) or changes in medication requirements for
each co-morbidity postoperatively. Mean patient characteristics were synthesized by calculating raw weighted means; the
denominator used to obtain results varied according to the
individual characteristics reported. Comparisons of the different bariatric procedures with respect to improvements in CV
outcomes postoperatively were performed using the chi-square
test and/or 1-way analysis of variance, as appropriate, for the
pooled data across all studies.
Results
After the initial screening of titles and abstracts (n $
637), 68 were excluded, and 569 studies were reviewed to
determine whether they met the inclusion criteria. Of these,
463 were excluded at this stage of the review because they
were not original reports of adult bariatric populations,
involved duplicate patient groups, or were substudies of
larger series. On review of the remaining 106 publications
in full, a further 121 studies were identified from bibliographies and related citations that were deemed suitable for
inclusion. Of these 227 primary studies, only 52 contained
sufficient detail to merit inclusion in the extractable and
analyzable data set (Figure 1).
The data set consisted of 52 original studies involving
16,867 patients who had undergone primary bariatric procedures. Of these 52 studies, most from United States (n $
25) and Europe (n $ 16), with the remaining 11 from
Taiwan (n $ 4), Australia (n $ 2), New Zealand (n $ 1),
Canada (n $ 1), South America (n $ 1), and Israel (n $ 2).
Data from 2 studies published by the Swedish Obese Subjects Study Scientific Group5,6 were included and merged to
ensure that the patient cohort was counted only once. Regarding study design, there were 2 randomized prospective
trials, 3 nonrandomized prospective trials, 1 comparative
prospective study, 4 comparative retrospective studies, 2
observational case-control studies, 20 uncontrolled prospective case series, and 20 retrospective case series. Each of the
extracted studies included %1of the outcomes of interest. Of
the 52 studies, 43 addressed the impact of bariatric surgery
on traditional CV risk factors, including hypertension, diabetes, and dyslipidemia, and 9 studies examined the effects
of surgically induced weight loss on novel CV risk factors
(CRP, albuminuria, and proinflammatory markers), risk
scores, and CV-related biochemical or functional investigations (Table 17–56).
In total, 16,867 patients were investigated in the 52
studies. At baseline, the mean age of the patients was 42
years (range of mean ages 25 to 54), 78% of the population

Table 2
Baseline prevalence of obesity-related co-morbidities and percentage
resolution or reduction after bariatric surgery
Co-Morbidity
Hypertension
Diabetes mellitus
Dyslipidemia

Baseline

Percentage Resolution
or Reduction*

49%
28%
46%

68%
75%
71%

* After a mean follow-up period of 34 months.

were women, and the mean BMI was 49 kg/m2 (range of
mean BMIs reported 39 to 58). The baseline prevalence of
those obesity-related co-morbidities, which increase the risk
for CVD, is listed in Table 2. Malabsorptive or bypass
procedures were most commonly performed, with Rouxen-Y gastric bypass (RYGB) and biliopancreatic diversion
(BPD) accounting for 62.0% of cases (Figure 2). The mean
follow-up duration was 34 months (range 3 to 155), with
23% of studies reporting medium- to long-term results
of %48 months. Weight loss after bariatric surgery (all
types) was quantified and reported in all but 1 study, and the
overall mean %EWL was 52% (range 16% to 87%). Examining weight loss according to the various procedures performed revealed that malabsorptive procedures such as
RYGB and BPD resulted in greater weight loss (65% and
69%, respectively) than restrictive procedures (Figure 3).
Laparoscopic gastric banding resulted in the lowest %EWL
overall (42%).
Most studies reported significant decreases postoperatively in the prevalence of obesity-related co-morbidities
that present a risk for CVD; on average, hypertension remitted or resolved in 68%, diabetes in 75%, and dyslipidemia in 71% (Table 2). These improvements occurred as
early as 3 months (when investigators looked at short-term
effects, or serially over a longer duration of follow-up) and
persisted throughout the duration of follow-up (up to 155
months). Examining the change in co-morbidity status postoperatively according to the different bariatric procedures
performed showed that BPD and vertical banded gastroplasty resulted in greater remission or reduction rates of all
3 co-morbidities compared to RYGB and laparoscopic gastric banding. Overall, laparoscopic gastric banding resulted
in the lowest rates of remission or reduction of diabetes
(71%) and hypertension (58%), although the differences
between procedures were marginal (Figure 3). Blood pressure measurements pre- and postoperatively were documented in 42% of studies. Mean systolic pressure reduced
from to 139 to 124 mm Hg and mean diastolic pressure from
87 to 77 mm Hg (Table 3). Lipid profiles were also reported
pre- and postoperatively in 42% of studies and had altered
significantly after surgical intervention. Mean total cholesterol, low-density lipoprotein cholesterol, and triglyceride
levels decreased, while high-density lipoprotein increased
(Table 3). Postoperative changes in fasting blood glucose
and glycosylated hemoglobin were reported in 27% and
11.5% of studies, respectively. Average fasting glucose
level decreased from 119 to 92 mg/dl, and glycosylated
hemoglobin decreased by 1.5%, which would be considered
a clinically significant reduction.
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Figure 2. Breakdown of the various bariatric procedures performed. *Includes a series of 522 “mini-gastric bypasses.”50 It was not possible to accurately
determine the proportions of open and laparoscopic procedures, because several reports did not specify which approach was used. ^Prachand et al36 performed
BPD with duodenal switch in 198 patients.

Figure 3. Efficacy outcomes according to the type of bariatric procedure performed. (a) Mean %EWL for the various surgeries. (b) Rates of co-morbidity
remission or reduction for the different procedures. LAGB $ laparoscopic gastric banding. *Data were not clearly reported for the effect of vertical banded
gastroplasty (VBG) on dyslipidemia resolution or reduction in any of the 7 studies in which this procedure was performed.

Of the 52 studies in this review, 9 investigated the effect
of bariatric surgery on novel and emerging risk factors for
CVD. The most commonly reported biomarker was CRP,
which was determined pre- and postoperatively in 5 studies.
Mean CRP levels were elevated at baseline in obese patients
(4.5 mg/L) but decreased by 61.6% (to 1.7 mg/L) after
surgically induced weight loss. The impairment of endothelial function is a recognized early component of atherosclerotic CVD and can be characterized by flow-mediated vasodilation (FMD) of a conduit artery, typically the brachial
artery.57 FMD has been shown to be an independent predictor of CV risk and future adverse CV events.58 – 60 Three
studies in this review measured FMD before and after bariatric surgery. Determined noninvasively by ultrasonography
(brachial artery reactivity testing), normal FMD of the brachial artery is 10% to 15%. The 3 studies reported a mean
baseline FMD of 6%, and postoperatively, the mean FMD
had increased substantially to 16%. The Framingham risk

score, which determines a subject’s 10-year risk for coronary heart disease on the basis of categorical values including age, total cholesterol, high-density lipoprotein cholesterol, low-density lipoprotein cholesterol, smoking status,
blood pressure, and diabetes history, was measured in 3
studies. The Framingham risk score was found to have
decreased significantly after bariatric surgery in all 3 studies, from 6.3% preoperatively to 3.8% postoperatively, representing a 40% relative risk reduction for 10-year coronary
heart disease risk (Figure 4).
The only study in this review that specifically reported
on CV mortality after bariatric surgery was the Swedish
Obese Subjects Study. Sjöström et al5,6 reported lower CV
mortality in a large cohort of obese patients (n $ 2,010)
who had undergone bariatric surgery compared to a
matched cohort of obese controls who were managed nonoperatively (n $ 2,037). Total CV mortality in the surgical
cohort was 2.1% compared to 2.6% in obese controls. Spe-
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Table 3
Changes in blood pressure and laboratory measurements of
cardiovascular disease risk factors
Variable
Fasting blood glucose (mg/dl)
Glycosylated hemoglobin (%)
Systolic blood pressure (mm Hg)
Diastolic blood pressure (mm Hg)
Total cholesterol (mg/dl)
LDL (mg/dl)
HDL (mg/dl)
Triglycerides (mg/dl)
CRP (mg/L)*
Flow-mediated diameter of brachial
artery (% change)†

Baseline

Postoperatively‡

126
7.5
139
87
205
118
49
169
4.5
6%

92
6.0
124
77
169
94
52
103
1.7
16%

HDL $ high-density lipoprotein; LDL $ low-density lipoprotein.
* Based on 5 studies.
†
Based on 3 studies.
‡
After a mean follow-up period of 34 months.

Figure 4. Framingham risk (FR) pre- and postoperatively, as determined by
the Framingham risk score. *There was a 40% relative reduction in 10-year
CVD risk after surgically induced weight loss at a mean follow-up time of
34 months (range 3 to 155). CHD $ coronary heart disease.

cifically, the mortality secondary to myocardial infarctions
decreased almost twofold from 1.2% to 0.65%. It should be
noted that most procedures reported in this study were
gastroplasty (68.1%) and gastric banding procedures
(18.7%), with a relatively small proportion of bypass procedures (13.2%).

Discussion
Bariatric surgery has been performed for the treatment of
obesity since 1953, when Dr. Richard Varco of Minnesota
performed the first jejunoileal bypass specifically to induce
weight loss from malabsorption. Although fraught with nutritional complications, this procedure was noted to induce
marked weight reduction, and it had a remarkable effect on
circulating lipid levels in severely hyperlipidemic patients,
with a 90% decrease in plasma cholesterol and an even
greater (96%) reduction in plasma triglycerides.61 In the
following decades, the jejunoileal bypass was modified and
refined to reduce the severity of the malabsorptive nutri-

tional complications while retaining its weight loss and
lipid-lowering benefits, hence the emergence of procedures
such as the biliopancreatic diversion (Scopinaro) and duodenal switch (Marceau), followed by limited bypass or restrictive procedures such as the gastric bypass and vertical
banded gastroplasty. Indeed, as the field of bariatric surgery
has evolved over the past 50 years, weight loss has almost
been overshadowed by the extraordinary effects on obesityrelated co-morbidities such as hyperlipidemia, hypertension, and diabetes.
Many groups have reported the effects of bariatric surgery on single co-morbidities, particularly diabetes mellitus.
More recently, an interest has arisen in examining the effects of surgically induced weight loss on constellations of
CVD risk factors using traditional and novel biomarkers of
CVD. In this review, we have summarized the evidence for
the effects of bariatric surgery on CVD risk. We clearly
demonstrate that weight loss after bariatric surgery can lead
to major reductions in CV risk factors as well as a decrease
in predicted CV risk. The data show marked rates of remission or improvement for hypertension, diabetes, and dyslipidemia (68%, 75%, and 71% respectively) at a mean
follow-up of 34 months. These resolutions were verified by
mean decreases in systolic and diastolic blood pressure to
within normal ranges, as well as positive alterations in lipid
parameters. Although the effects of bariatric surgery on CV
mortality have not been extensively investigated thus far,
the Swedish Obese Subjects Study6 demonstrated a decrease in CV mortality among 2,010 patients who had undergone bariatric intervention for morbid obesity, compared
to a matched cohort of obese control patients who had been
managed conservatively. This study, which had 2-, 5-,
and 10-year follow-up, showed a near twofold reduction
in deaths secondary to myocardial infarction in bariatric
patients. Sampalis et al,7 in their large observational
case-control study comparing CV outcomes in 1,035
obese patients treated with bariatric surgery versus 5,746
morbidly obese nonoperatively treated controls, demonstrated a significant reduction in the diagnosis and treatment of CV conditions, including ischemic heart disease,
myocardial infarction, and pulmonary edema secondary
to congestive heart failure, in the surgically treated
group.
Although not included in this review because of our
exclusion criteria, the Program on the Surgical Control of
the Hyperlipidemias (POSCH) trial merits discussion, given
the remarkable results observed in this large secondary
intervention trial that investigated the effect of a partial ileal
bypass operation on lipid lowering and atherosclerotic coronary heart disease mortality compared to medically treated
hyperlipidemia in a nonobese patient cohort. This arteriographic and clinical trial reported arrest and regression of
atherosclerotic coronary artery disease on sequential arteriography with up to 10 years of follow-up and demonstrated significant reductions in overall mortality, coronary
heart disease mortality, the incidence of recurrent myocardial infarctions, coronary artery bypass grafting, and percutaneous transluminal coronary angioplasty in the surgery
group.62,63
There is currently a paucity of comparative data regarding efficacy outcomes for the various bariatric procedures.
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This review illustrates that malabsorptive procedures,
RYGB and BPD, result in greatest weight loss (65% and
69%, respectively), similar to results of Buchwald et al’s64
meta-analyses in 2009, which assessed the effects of bariatric surgery on weight and type 2 diabetes. BPD had the
greatest effect on resolution or reduction of co-morbidities
(Figure 3). Although these data are encouraging, the longterm nutritional complications of this procedure, consequent to malabsorption, must be kept in mind when
interpreting these findings. Overall, all procedures resulted in %50% rates of remission or reduction in hypertension, diabetes, and dyslipidemia. Surgical research
awaits the publication of large randomized trials comparing the different surgical options with regard to these
outcomes.
The impressive CV risk reduction produced by bariatric
surgery, as evidenced by a 40% reduction in 10-year Framingham risk score, should be considered from the perspective of what co-morbid patients consider a significant impact that deems medication ministration worthwhile.
Additionally, the perspectives of relevant health care providers should be considered when evaluating the proposed
benefits of bariatric surgery. In light of the evidence presented here for the surgical treatment of obesity, and the
data supporting nonoperative CV risk reduction, what
should caregivers recommend and prescribe for their patients to improve the likelihood of morbidity-free survival?
First, compared to the impact of modifying individual risk
factors with antihypertensive agents or lipid-lowering
therapies, bariatric surgery compares favorably, demonstrating more powerful effects than those achieved with
so-called “primary” and “secondary” prevention strategies.65 It should also be considered that the effects of
medications are dependent on patient compliance with
taking their prescribed treatments, and benefits attained
generally persist only for the duration of therapy. This
necessitates lifelong commitment to multidrug regimens.
In contrast, once bariatric surgery is performed, the physiologic impact is relatively constant. Also important is
the fact that patients and their caregivers expect high
returns on their efforts if CV risk factor reduction is the
prescriptive target, because frequently, medications
cause substantive challenges to patients.66,67 Not always
are these expectations achievable with medical management alone. Bariatric surgery has other significant issues
such as surgical morbidity and long-term consequences
associated with the various procedures, such as nutritional deficiencies. Nonetheless, in appropriately selected
obese patients, surgical intervention compares extremely
favorably to nonsurgical therapy and should be considered more often as a lifesaving interdiction rather than a
cosmetic operation.
There were a number of limitations to the present study.
First, the diagnostic criteria for obesity-related co-morbidities
varied across the studies in this review. Although most used
laboratory data to diagnose diabetes and hyperlipidemia, some
groups used subjective patient histories or medication use as
their diagnostic factors. Similarly, for determining resolution
or reductions in co-morbidities, the definitions of such were
often vague and based only on discontinuation or reduction in
medication use, with no biochemical data for verification. Most
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groups did not distinguish remission from improvement, so it
was not possible to distinguish further the exact proportions in
each category.
Second, the long-term outcomes of bariatric surgery are
limited by high attrition of patients available for follow-up.
Although we tried to control for this as much as possible by
including only studies in which %50% of the initial study
cohort was included in the latter stages of follow-up, there is
still the possibility that patients who were lost to follow-up
may have skewed the results of individual studies. Similarly,
this review, like all systematic reviews and meta-analyses, is
limited by the publication bias of availability. The trend is to
publish positive data, and investigators may be unlikely to
submit or have accepted their reports of negative or disappointing postoperative results.
Third, regarding the small number of studies reporting on
novel CV biomarkers and risk assessment included in this
review, we excluded studies involving !50 patients to increase the quality of data analyzed in this review. Several
smaller cohort and observational studies do exist documenting equally impressive CV risk reductions and positive
alterations in cytokines and inflammatory markers that are
considered risk factors for cardiac disease. Additionally,
some studies included in this review focused their investigations on very specific patient populations, which may
skew a systematic review that generalizes all results. Examples include the study by Adami et al,8 which involved
only obese patients who had preexisting diagnoses of hypertension, or that by Alexandrides et al,9 who included
only obese patients with diabetes in their study of the effects
of BPD on metabolic disease.
Finally, the procedures and operative techniques used in the
studies included in this review were varied. Malabsorptive
procedures achieved greater weight loss and co-morbidity remission rates compared to restrictive procedures, as expected.
However, even among all studies reporting outcomes after
RYGB, for example, there were variations with respect to
pouch size (range 15 to 50 ml, approximately) and lengths of
the Roux limb, all of which could have affected efficacy
outcomes.
Perhaps the greatest limitation of this review, however, is
the diversity of reporting formats for outcomes after bariatric surgery. The reporting of bariatric surgery outcomes,
whether operative morbidity and mortality or efficacy outcomes such as weight loss and effects on co-morbidities, is
not standardized. Investigators have discretion to report data
in a variety of formats and often use descriptive, nonnumeric, or colloquial terms to document important outcomes
such as weight loss and remission of metabolic co-morbidities
after bariatric procedures. There is certainly a case to be
made for developing a standardized reporting format to
which health care professionals managing obese patients
should adhere when reporting their results and outcomes.
This should include standardized numeric formats for
documenting quantitatively the amount of weight loss
(actual weight lost and %EWL) and the baseline prevalence and subsequent remission or reductions of all metabolic co-morbidities, with biochemical data and medication use for verification.

8

The American Journal of Cardiology (www.ajconline.org)

Supplementary data
Supplementary data associated with this article can be
found, in the online version, at doi:10.1016/j.amjcard.2011.
06.076.
1. Bray GA, Ryan DH, Harsha DW. Diet, weight loss, and cardiovascular
disease prevention. Curr Treat Options Cardiovasc Med 2003;5:259 –
269.
2. Matts JP, Buchwald H, Fitch LL, Campos CT, Varco RL, Campbell
GS, Pearce MB, Yellin AE, Smink RD Jr, Sawin HS Jr, Long JM, for
The Posch Group. Subgroup analyses of the major clinical endpoints in
the Program on the Surgical Control of the Hyperlipidemias (POSCH):
overall mortality, atherosclerotic coronary heart disease (ACHD) mortality, and ACHD mortality or myocardial infarction. J Clin Epidemiol
1995;48:389 – 405.
3. Papaioannou A, Michaloudis D, Fraidakis O, Petrou A, Chaniotaki F,
Kanoupakis E, Stamatiou G, Melissas J, Askitopoulou H. Effects of
weight loss on QT interval in morbidly obese patients. Obes Surg
2003;13:869 – 873.
4. Moher D, Liberati A, Tetzlaff J, Altman DG. Preferred reporting items
for systematic reviews and meta-analyses: the PRISMA statement.
Ann Intern Med 2009;151:264 –269.
5. Sjöström L, Lindroos AK, Peltonen M, Torgerson J, Bouchard C,
Carlsson B, Dahlgren S, Larsson B, Narbro K, Sjostrom CD, Sullivan
M, Wedel H. Lifestyle, diabetes, and cardiovascular risk factors 10
years after bariatric surgery. N Engl J Med 2004;351:2683–2693.
6. Sjöström L, Narbro K, Sjostrom CD, Karason K, Larsson B, Wedel H,
Lystig T, Sullivan M, Bouchard C, Carlsson B, Bengtsson C, Dahlgren
S, Gummesson A, Jacobson P, Karlsson J, Lindroos AK, Lonroth H,
Naslund I, Olbers T, Stenlof K, Torgerson J, Agren G, Carlsson LM.
Effects of bariatric surgery on mortality in Swedish obese subjects.
N Engl J Med 2007;357:741–752.
7. Sampalis JS, Sampalis F, Christou N. Impact of bariatric surgery on
cardiovascular and musculoskeletal morbidity. Surg Obes Relat Dis
2006;2:587–591.
8. Adami GF, Papadia F, Carlini F, Murelli F, Scopinaro N. Effect of
biliopancreatic diversion on hypertension in severely obese patients.
Hypertens Res 2005;28:119 –123.
9. Alexandrides TK, Skroubis G, Kalfarentzos F. Resolution of diabetes
mellitus and metabolic syndrome following Roux-en-Y gastric bypass
and a variant of biliopancreatic diversion in patients with morbid
obesity. Obes Surg 2007;17:176 –184.
10. Ahmed AR, Rickards G, Coniglio D, Xia Y, Johnson J, Boss T,
O’Malley W. Laparoscopic Roux-en-Y gastric bypass and its early
effect on blood pressure. Obes Surg 2009;19:845– 849.
11. Ahroni JH, Montgomery KF, Watkins BM. Laparoscopic adjustable
gastric banding: weight loss, co-morbidities, medication usage and
quality of life at one year. Obes Surg 2005;15:641– 647.
12. Anderson WA, Greene GW, Forse RA, Apovian CM, Istfan NW.
Weight loss and health outcomes in African Americans and whites
after gastric bypass surgery. Obesity (Silver Spring) 2007;15:1455–
1463.
13. Bacci V, Basso MS, Greco F, Lamberti R, Elmore U, Restuccia A,
Perrotta N, Silecchia G, Bucci A. Modifications of metabolic and
cardiovascular risk factors after weight loss induced by laparoscopic
gastric banding. Obes Surg 2002;12:77– 82.
14. Batsis JA, Romero-Corral A, Collazo-Clavell ML, Sarr MG, Somers
VK, Brekke L, Lopez-Jimenez F. Effect of weight loss on predicted
cardiovascular risk: change in cardiac risk after bariatric surgery.
Obesity (Silver Spring) 2007;15:772–784.
15. Bowne WB, Julliard K, Castro AE, Shah P, Morgenthal CB, Ferzli GS.
Laparoscopic gastric bypass is superior to adjustable gastric band in
super morbidly obese patients: a prospective, comparative analysis.
Arch Surg 2006;141:683– 689.
16. Brancatisano A, Wahlroos S, Brancatisano R. Improvement in comorbid illness after placement of the Swedish Adjustable Gastric Band.
Surg Obes Relat Dis 2008;4:S39 –S46.
17. Cottam DR, Atkinson J, Anderson A, Grace B, Fisher B. A casecontrolled matched-pair cohort study of laparoscopic Roux-en-Y gastric bypass and lap-band patients in a single US center with three-year
follow-up. Obes Surg 2006;16:534 –540.

18. Cowan GS Jr, Buffington CK. Significant changes in blood pressure,
glucose, and lipids with gastric bypass surgery. World J Surg 1998;
22:987–992.
19. Fernstrom JD, Courcoulas AP, Houck PR, Fernstrom MH. Long-term
changes in blood pressure in extremely obese patients who have
undergone bariatric surgery. Arch Surg 2006;141:276 –283.
20. Frigg A, Peterli R, Peters T, Ackermann C, Tondelli P. Reduction in
co-morbidities 4 years after laparoscopic adjustable gastric banding.
Obes Surg 2004;14:216 –223.
21. Goergen M, Arapis K, Limgba A, Schiltz M, Lens V, Azagra JS.
Laparoscopic Roux-en-Y gastric bypass versus laparoscopic vertical
banded gastroplasty: results of a 2-year follow-up study. Surg Endosc
2007;21:659 – 664.
22. Khalaileh A, Matot I, Schweiger C, Appelbaum L, Elazary R, Keidar
A. Laparoscopic Roux-en-Y gastric bypass for the treatment of morbid
obesity: experience with 50 patients. Isr Med Assoc J 2008;10:350 –
353.
23. Larrad-Jimenez A, Diaz-Guerra CS, de Cuadros Borrajo P, Lesmes IB,
Esteban BM. Short-, mid- and long-term results of Larrad biliopancreatic diversion. Obes Surg 2007;17:202–210.
24. Lee WJ, Chong K, Lee YC, Ser KH, Chen SC, Chen JC, Peng WP,
Chen CM. Effects of obesity surgery on type 2 diabetes mellitus Asian
patients. World J Surg 2009;33:1895–1903.
25. Maher JW, Martin Hawver L, Pucci A, Wolfe LG, Meador JG, Kellum
JM. Four hundred fifty consecutive laparoscopic Roux-en-Y gastric
bypasses with no mortality and declining leak rates and lengths of stay
in a bariatric training program. J Am Coll Surg 2008;206:940 –944.
26. Mattar SG, Velcu LM, Rabinovitz M, Demetris AJ, Krasinskas AM,
Barinas-Mitchell E, Eid GM, Ramanathan R, Taylor DS, Schauer PR.
Surgically-induced weight loss significantly improves nonalcoholic
fatty liver disease and the metabolic syndrome. Ann Surg 2005;
242:610 – 617.
27. Muller MK, Rader S, Wildi S, Hauser R, Clavien PA, Weber M.
Long-term follow-up of proximal versus distal laparoscopic gastric
bypass for morbid obesity. Br J Surg 2008;95:1375–1379.
28. Obeid F, Falvo A, Dabideen H, Stocks J, Moore M, Wright M. Open
Roux-en-Y gastric bypass in 925 patients without mortality. Am J Surg
2005;189:352–356.
29. O’Brien PE, Dixon JB, Brown W, Schachter LM, Chapman L, Burn
AJ, Dixon ME, Scheinkestel C, Halket C, Sutherland LJ, Korin A,
Baquie P. The laparoscopic adjustable gastric band (lap-band): a prospective study of medium-term effects on weight, health and quality of
life. Obes Surg 2002;12:652– 660.
30. Papasavas PK, Hayetian FD, Caushaj PF, Landreneau RJ, Maurer J,
Keenan RJ, Quinlin RF, Gagne DJ. Outcome analysis of laparoscopic
Roux-en-Y gastric bypass for morbid obesity. The first 116 cases. Surg
Endosc 2002;16:1653–1657.
31. Paran H, Shargian L, Shwartz I, Gutman M. Long-term follow-up on
the effect of Silastic ring vertical gastroplasty on weight and comorbidities. Obes Surg 2007;17:737–741.
32. Peluso L, Vanek VW. Efficacy of gastric bypass in the treatment of
obesity-related comorbidities. Nutr Clin Pract 2007;22:22–28.
33. Pinheiro JS, Schiavon CA, Pereira PB, Correa JL, Noujaim P, Cohen
R. Long-long limb Roux-en-Y gastric bypass is more efficacious in
treatment of type 2 diabetes and lipid disorders in super-obese patients.
Surg Obes Relat Dis 2008;4:521–525.
34. Ponce J, Haynes B, Paynter S, Fromm R, Lindsey B, Shafer A,
Manahan E, Sutterfield C. Effect of lap-band-induced weight loss on
type 2 diabetes mellitus and hypertension. Obes Surg 2004;14:1335–
1342.
35. Pontiroli AE, Laneri M, Veronelli A, Frige F, Micheletto G, Folli F,
Adami G, Scopinaro N. Biliary pancreatic diversion and laparoscopic
adjustable gastric banding in morbid obesity: their long-term effects on
metabolic syndrome and on cardiovascular parameters. Cardiovasc
Diabetol 2009;8:37.
36. Prachand VN, Ward M, Alverdy JC. Duodenal switch provides superior resolution of metabolic comorbidities independent of weight loss
in the super-obese (BMI % or $ 50 kg/m2) compared with gastric
bypass. J Gastrointest Surg 2010;14:211–220.
37. Puzziferri N, Austrheim-Smith IT, Wolfe BM, Wilson SE, Nguyen
NT. Three-year follow-up of a prospective randomized trial comparing
laparoscopic versus open gastric bypass. Ann Surg 2006;243:181–188.

Review/Cardiovascular Benefits of Bariatric Surgery
38. Scopinaro N, Adami GF, Marinari GM, Gianetta E, Traverso E,
Friedman D, Camerini G, Baschieri G, Simonelli A. Biliopancreatic
diversion. World J Surg 1998;22:936 –946.
39. Sears D, Fillmore G, Bui M, Rodriguez J. Evaluation of gastric bypass
patients 1 year after surgery: changes in quality of life and obesityrelated conditions. Obes Surg 2008;18:1522–1525.
40. Singhal R, Kitchen M, Bridgwater S, Super P. Metabolic outcomes of
obese diabetic patients following laparoscopic adjustable gastric banding. Obes Surg 2008;18:1400 –1405.
41. Spivak H, Anwar F, Burton S, Guerrero C, Onn A. The Lap-Band
system in the United States: one surgeon’s experience with 271 patients. Surg Endosc 2004;18:198 –202.
42. Steffen R, Potoczna N, Bieri N, Horber FF. Successful multiintervention treatment of severe obesity: a 7-year prospective study
with 96% follow-up. Obes Surg 2009;19:3–12.
43. Sugerman HJ, Wolfe LG, Sica DA, Clore JN. Diabetes and hypertension in severe obesity and effects of gastric bypass-induced weight
loss. Ann Surg 2003;237:751–756.
44. Valera-Mora ME, Simeoni B, Gagliardi L, Scarfone A, Nanni G,
Castagneto M, Manco M, Mingrone G, Ferrannini E. Predictors of
weight loss and reversal of comorbidities in malabsorptive bariatric
surgery. Am J Clin Nutr 2005;81:1292–1297.
45. Vila M, Ruiz O, Belmonte M, Riesco M, Barcelo A, Perez G, Moreiro
J, Salinas R. Changes in lipid profile and insulin resistance in obese
patients after Scopinaro biliopancreatic diversion. Obes Surg 2009;19:
299 –306.
46. White S, Brooks E, Jurikova L, Stubbs RS. Long-term outcomes after
gastric bypass. Obes Surg 2005;15:155–163.
47. Yan E, Ko E, Luong V, Wang HJ, Romanova M, Li Z. Long-term
changes in weight loss and obesity-related comorbidities after Rouxen-Y gastric bypass: a primary care experience. Am J Surg 2008;
195:94 –98.
48. Agrawal V, Krause KR, Chengelis DL, Zalesin KC, Rocher LL,
McCullough PA. Relation between degree of weight loss after bariatric
surgery and reduction in albuminuria and C-reactive protein. Surg
Obes Relat Dis 2009;5:20 –26.
49. Arterburn D, Schauer DP, Wise RE, Gersin KS, Fischer DR, Selwyn
CA Jr, Erisman A, Tsevat J. Change in predicted 10-year cardiovascular risk following laparoscopic Roux-en-Y gastric bypass surgery.
Obes Surg 2009;19:184 –189.
50. Chen SB, Lee YC, Ser KH, Chen JC, Chen SC, Hsieh HF, Lee WJ.
Serum C-reactive protein and white blood cell count in morbidly obese
surgical patients. Obes Surg 2009;19:461– 466.
51. Habib P, Scrocco JD, Terek M, Vanek V, Mikolich JR. Effects of
bariatric surgery on inflammatory, functional and structural markers of
coronary atherosclerosis. Am J Cardiol 2009;104:1251–1255.
52. Hsuan CF, Huang CK, Lin JW, Lin LC, Lee TL, Tai CM, Yin WH,
Tseng WK, Hsu KL, Wu CC. The effect of surgical weight reduction
on left ventricular structure and function in severe obesity. Obesity
(Silver Spring) 2010;18:1188 –1193.
53. Kligman MD, Dexter DJ, Omer S, Park AE. Shrinking cardiovascular
risk through bariatric surgery: application of Framingham risk score in
gastric bypass. Surgery 2008;143:533–538.
54. Lin LY, Lee WJ, Shen HN, Yang WS, Pai NH, Su TC, Liau CS. Nitric
oxide production is paradoxically decreased after weight reduction
surgery in morbid obesity patients. Atherosclerosis 2007;190:
436 – 442.

9

55. Serra A, Granada ML, Romero R, Bayes B, Canton A, Bonet J, Rull
M, Alastrue A, Formiguera X. The effect of bariatric surgery on
adipocytokines, renal parameters and other cardiovascular risk factors
in severe and very severe obesity: 1-year follow-up. Clin Nutr 2006;
25:400 – 408.
56. Torquati A, Wright K, Melvin W, Richards W. Effect of gastric bypass
operation on Framingham and actual risk of cardiovascular events in
class II to III obesity. J Am Coll Surg 2007;204:776 –782.
57. Peretz A, Leotta DF, Sullivan JH, Trenga CA, Sands FN, Aulet MR,
Paun M, Gill EA, Kaufman JD. Flow mediated dilation of the brachial
artery: an investigation of methods requiring further standardization.
BMC Cardiovasc Disord 2007;7:11.
58. Anderson TJ, Uehata A, Gerhard MD, Meredith IT, Knab S, Delagrange D,
Lieberman EH, Ganz P, Creager MA, Yeung AC, Selwyn AP. Close relation
of endothelial function in the human coronary and peripheral circulations.
J Am Coll Cardiol 1995;26:1235–1241.
59. Corretti MC, Anderson TJ, Benjamin EJ, Celermajer D, Charbonneau
F, Creager MA, Deanfield J, Drexler H, Gerhard-Herman M, Herrington D, Vallance P, Vita J, Vogel R. Guidelines for the ultrasound
assessment of endothelial-dependent flow-mediated vasodilation of the
brachial artery: a report of the International Brachial Artery Reactivity
Task Force. J Am Coll Cardiol 2002;39:257–265.
60. Rossi R, Nuzzo A, Origliani G, Modena MG. Prognostic role of
flow-mediated dilation and cardiac risk factors in post-menopausal
women. J Am Coll Cardiol 2008;51:997–1002.
61. Buchwald H, Varco RL. A bypass operation for obese hyperlipidemic
patients. Surgery 1971;70:62–70.
62. Buchwald H, Varco RL, Boen JR, Williams SE, Hansen BJ, Campos
CT, Campbell GS, Pearce MB, Yellin AE, Edmiston WA, Smink RD
Jr, Sawin HS Jr. Effective lipid modification by partial ileal bypass
reduced long-term coronary heart disease mortality and morbidity:
five-year posttrial follow-up report from the POSCH. Program on the
Surgical Control of the Hyperlipidemias. Arch Intern Med 1998;158:
1253–1261.
63. Buchwald H, Varco RL, Matts JP, Long JM, Fitch LL, Campbell GS,
Pearce MB, Yellin AE, Edmiston WA, Smink RD Jr, Sawin HR Jr,
Campos CT, Hansen BJ, Tuna N, Karnegis JN, Sanmarco ME,
Amplatz K, Castaneda-Zuniga WR, Hunter DW, Bissett JK, Weber FJ,
Stevenson JW, Leon AS, Chalmers TC, and the POSCH Group. Effect
of partial ileal bypass surgery on mortality and morbidity from coronary heart disease in patients with hypercholesterolemia. Report of the
Program on the Surgical Control of the Hyperlipidemias (POSCH).
N Engl J Med 1990;323:946 –955.
64. Buchwald H, Estok R, Fahrbach K, Banel D, Jensen MD, Pories WJ,
Bantle JP, Sledge I. Weight and type 2 diabetes after bariatric surgery:
systematic review and meta-analysis. Am J Med 2009;122:248 –256.
65. Grover SA, Paquet S, Levinton C, Coupal L, Zowall H. Estimating the
benefits of modifying risk factors of cardiovascular disease: a comparison of primary vs secondary prevention. Arch Intern Med 1998;
158:655– 662.
66. Lewis DK, Robinson J, Wilkinson E. Factors involved in deciding to
start preventive treatment: qualitative study of clinicians’ and lay
people’s attitudes. BMJ 2003;327:841.
67. Trewby PN, Reddy AV, Trewby CS, Ashton VJ, Brennan G, Inglis J.
Are preventive drugs preventive enough? A study of patients’ expectation of benefit from preventive drugs. Clin Med 2002;2:527–533.

