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Abstract

Purpose of Review The purpose of this review is to examine recent evidence supporting effectiveness of bariatric surgery and
abdominal lipectomy as interventional strategies aimed at reduction in incidence of cardiovascular disease (CVD) and related
morbidity and mortality in obese and metabolic syndrome patients.

Recent Findings While several studies show reduction in CVD risk factors in patients who have undergone both the Roux-en-Y
gastric bypass and sleeve gastrectomy, very few demonstrate actual improvements in cardiovascular function, or a decrease in
CVD events or CVD-related mortality. Consequently, the cardiovascular benefits of the less invasive sleeve gastrectomy in
comparison to the gastric bypass are also unclear. Striking new data on large patient samples demonstrate significant positive
correlation between gastric bypass and CVD risk factor reduction only in patients who are diabetic or > 50 years of age at the time
of surgery, with no significant differences in non-diabetic and younger patients and with significant side effects. On the other
hand, a markedly less invasive removal of abdominal subcutaneous adipose tissue via lipectomy consistently and significantly
improved CVD risk factors as well as cardiovascular function in the very few studies available.

Summary Overall, neither the potential nor the definitive cardiovascular benefits of either of the commonly used bariatric
surgical or the various lipectomy procedures have been adequately explored. Future basic science and clinical studies have the
opportunity to understand the mechanisms and long-term consequences of both approaches and develop personalized approaches

with higher benefit to side effect ratios.
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Introduction

Obesity and related comorbidities, including metabolic syn-
drome, are well-established risk factors for cardiovascular dis-
ease (CVD) and mortality [1]. Weight gain and increased ad-
iposity directly affect cardiovascular structure and function.
Independent of other factors, an increase in body weight di-
rectly corresponds to an increase in blood pressure for every
individual [2]. Vice versa, weight loss results in decrease in
blood pressure for every individual. These mechanisms are
related to direct activation of the sympathetic nervous system
and the renin-angiotensin system (RAS) by the expanded
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abdominal adipose tissue. Hypertension is a leading cause of
cardiac dysfunction and failure. Accordingly, obese individ-
uals were shown to have a minimum of double the risk of
developing left ventricular hypertrophy and heart failure com-
pared to normal weight individuals [3]. Of course, obesity is
also the major risk factor for developing type II diabetes,
which itself is one of the major risk factors for developing
CVD. In fact, the Framingham score, a widely accepted metric
used to calculate risk of developing CVD, uses fasting blood
glucose, diagnosis of diabetes, blood pressure, presence of left
ventricular hypertrophy, total and HDL cholesterol, tobacco
use, and family history to estimate individual risk of dying
from CVD in general and isolated risk of dying from coronary
heart disease, myocardial infarction, stroke, peripheral vascu-
lar disease, and heart failure within 4-10 years [4].

Obesity has become a national epidemic; approximately
40% of adults in the USA are obese (BMI> 30 kg/m?) [5]
and nearly 70% are overweight (BMI 25-30 kg/m2) (https://
www.cdc.gov/nchs/data/hus/hus17.pdf). This correlates with
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46% of the population being hypertensive [6]. Weight loss has
been associated with decrease in blood pressure and other
CVD risk factors as well as overall and CVD-related mortal-
ity. However, reaching a healthy weight range (BMI < 30 kg/
m?) has proven to be problematic for both overweight and
obese patients. While the current guidelines recommend a
low fat-low carbohydrate diet and exercise to accomplish
weight loss for overweight individuals, it is the general con-
sensus that for morbidly obese patients (BMI > 35 kg/m?) and
obese patients (BMI > 30 kg/m?) who are persistently unable
to lose weight in response to diet and exercise, bariatric sur-
gery (sleeve gastrectomy or the Roux-en-Y gastric bypass) is
the most effective intervention to prevent development of
CVD and early morbidity and mortality due to CVD.
However, some recent studies have questioned this approach
in light of emerging serious long-term complications and side
effects associated with the Roux-en-Y gastric bypass. Sleeve
gastrectomy generally results in similar weight reduction and
is associated with significantly fewer complications, but it is
unclear whether it can provide long-term positive cardiovas-
cular benefits associated with the Roux-en-Y gastric bypass.
On the other hand, review of studies using large volume
lipectomy in the abdominal area reveals intriguing positive
effects on CVD risk factors and cardiovascular function itself,
with minimal long-term side effects. Therefore, this review
will examine recent evidence for and against effectiveness of
these approaches with respect to reduction in cardiovascular
risk factors, improvement in cardiovascular function, and im-
pact on CVD-related morbidity and mortality.

Cardiovascular Benefits and Complications
of the Roux-en-Y Gastric Bypass

The Roux-en-Y gastric bypass accounts for ~40% of bariatric
surgeries performed today [7]. Overall, human studies present
favorable results with respect to marked improvement of CVD
risk factors and decreased morbidity and mortality in obese
patients who have undergone gastric bypass in comparison to
standard pharmacological treatment. Ten-year CVD risk esti-
mated using Framingham scoring was significantly reduced
2 years after gastric bypass surgery. Bariatric surgery even
improved CVD risk factors (blood pressure, plasma glucose,
HOMA-IR, total and LDL cholesterol, and triglycerides) in
obese patients in whom these parameters were within normal
range at the time of surgery [8]. Furthermore, at 10-year fol-
low-up, the number of CVD events was lower than that pre-
dicted for these patients before undergoing surgery [9]. A
retrospective Swedish study on a large number of patients
from the Scandinavian Obesity Surgery Registry evaluated
the effect of the Roux-en-Y gastric bypass on total mortality,
CVD-related death, and non-fatal myocardial infarction (MI)
and reported a 58% relative risk reduction in total mortality, a
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49% risk reduction in non-fatal MI and a 59% risk reduction
in CVD-related mortality in the group which had undergone
gastric bypass. Five-year absolute risk of death was 1.8% vs.
5.8% in the control group [10+]. At 10-year follow-up, the
adjusted hazard ratio for CVD-related death was 0.47 for pa-
tients who have undergone surgery, with MI and cancer being
the most frequent causes of death but occurring at half the rate
as in the control, non-surgical intervention group [11]. At 15-
year follow-up, the adjusted hazard ratio for CVD-related
death was 0.47 for patients who have undergone surgery,
and 0.67 for MI or stroke specifically [12] vs. the control
patient group that received standard pharmacological therapy.
These long-term studies offer particularly important informa-
tion regarding the long-term cardiovascular benefits of gastric
bypass. Another valuable study, with a 7-year follow-up, dem-
onstrated a 40% reduction in all-cause mortality and 56%
reduction in coronary artery disease-related mortality in the
surgery group, which rose to 92% in diabetic patients [13].

The overall favorable assessment of the gastric bypass,
however, includes several important limitations. Most of the
studies report improvement in cardiovascular benefits, but in
fact measure only CVD risk factors and do not assess actual
cardiovascular function, cardiovascular events, or CVD-
related morbidity or mortality. Long-term data on CVD-
related mortality among patients who have undergone gastric
bypass are currently limited to a total of two studies [10e, 13]
which, although favorable, cannot form a solid basis for a
universal therapeutic approach. Related, morbidity and mor-
tality due to non-CVD but gastric bypass-related causes have
been rarely studied and even less frequently reported. Younger
patients appear especially at increased risk of developing life-
long and symptomatic complications, including anemia
(46%), hyperparathyroidism (45%), low vitamin B12 (16%),
and other micronutrient deficiencies (magnesium, zinc, calci-
um) [14], which can contribute to development of more severe
complications including severe anemia, loss of bone density,
and immune system dysfunction. Also, there was a significant
and alarming increase in suicide (vs. matched controls) in
patients who have undergone gastric bypass within 5 years
post-procedure [15¢].

Furthermore, CVD risk reduction among patients who
have undergone this procedure compared with severely obese
persons from a general population in some studies is relatively
small (~ 1.6% at 2-year follow-up and ~ 5% at 10-year follow-
up) [9]. Moreover, important parameters are often overlooked
and underplayed. For example, in the same study which em-
phasized the improvement of CVD risk factors, especially in
diabetic patients, 2 years after gastric bypass, systolic blood
pressure did not decrease [9], and these patients remain hy-
pertensive according to the 2017 American Heart Association
Guidelines [6]. Since systolic blood pressure is a major deter-
minant of end organ damage, this information is significant
and, contrary to reported beneficial effects of gastric bypass
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may in fact predict no such effect at all. Thus, the body of
evidence in support of overwhelming benefits of gastric by-
pass on cardiovascular outcomes may not be as strong as it
first appears.

Recently, multiple large studies and meta-analyses show
that only patients who are diabetic and/or > 50-year old at time
of surgery actually experience significant cardiovascular ben-
efits [9, 16, 17]. In one study, 10-year CVD risk assessed by
Framingham scoring at 2 years after gastric bypass surgery
was reduced 3.58 +1.11% in patients who were diabetic at
the time of surgery, but only 1.31 +0.02% in patients without
diabetes. Similarly, the Framingham score was decreased
3.41+0.75% in patients over 50 years of age, but only 0.99
+0.18% in patients younger than 50 [9]. Importantly, in a
study which looked at actual mortality within 7 years after
surgery in patients who had undergone gastric bypass vs.
equivalent control subjects, overall mortality and deaths from
CVD and diabetes were decreased in patients who were dia-
betic at the time of surgery but not in non-diabetic patients
[15¢]. The decrease in CVD-related mortality strongly corre-
lated with the decrease in diabetes-related mortality; however,
the nature of the link between the two has not been adequately
explored, and it remains uncertain whether diabetes remission
alone or additional factors attributed to Reux-en-Y gastric
bypass account for its effect on CVD-related mortality [15¢].

Thus, careful evaluation of cardiovascular benefits vs. ad-
verse effects of the Reux-en-Y gastric bypass indicate that this
highly invasive surgical procedure likely has significant over-
all positive therapeutic impact in diabetic patients and patients
over 50 years of age, but its overall benefit to non-diabetic
obese patients and obese patients under 50 years of age is not
so clear.

Cardiovascular Benefits and Complications
of Sleeve Gastrectomy

Sleeve gastrectomy is today the most common form of bariat-
ric surgery [7] due to its significantly more favorable side
effect and post-surgical complication profile. Both Reux-en-
Y gastric bypass vs. sleeve gastrectomy result in significant
weight loss, but discrepancies between weight loss achieved
by the two interventions have been reported. Most studies
report similar weight loss at 1-2-year follow-up, the time pe-
riod when maximal weight loss (25-30%) typically occurs
[11, 18-20]. But at longer follow-up intervals, when weight
stabilizes, weight loss is typically significantly greater for gas-
tric bypass. At 5-year follow-up, Reux-en-Y patients lost 57%
and sleeve gastrectomy patients 49% of excess weight [21¢].
At 10-year follow-up, weight loss stabilized at 25% in bypass
vs. 16% in sleeve gastrectomy patients [11].

The effect of sleeve gastrectomy on CVD risk factors and
cardiovascular disease and mortality is also significant, but

how they compare to the Reux-en-Y gastric bypass is less
clear. Several studies showed equivalent or similar effect of
both surgical interventions on CVD risk factors. At 1-year
follow-up, a US study reported equivalent risk reduction
based on Framingham and ASCVD 10-year scoring between
the two groups of patients [22]. A study that measured media
to intima ratio as an index of early cardiovascular disease
showed that this parameter was equally improved in gastric
bypass and sleeve gastrectomy patients 1 year after surgery
[23]. A meta-analysis of data from 15 clinical trials in China
demonstrated equivalent improvements in type Il diabetes,
hypertension, dyslipidemia, and sleep apnea at 3- and 5-year
follow-up, but noted a significant increase in complications
and negative side effects with the Reux-en-Y bypass [19].
However, other studies indicate significant differences
between the two surgical procedures and their effects on
CVD risk factors, CVD, and related mortality. A study
showed that although both gastric bypass and sleeve gas-
trectomy decreased blood pressure at 2 years after surgery,
this relatively small (—5.1 mmHg in Reux-en-Y and —
2.1 mmHg in sleeve gastrectomy) blood pressure-
lowering effect was sustained at the 10-year follow-up only
in the Reux-en-Y group [24]. In a different meta-analysis
of clinical data from Chinese hospitals, the blood pressure
lowering effect of gastric bypass was both absolutely great-
er and significantly greater in comparison to that of sleeve
gastrectomy at 1-year follow-up [18]. Similarly, in the
same study, total and LDL cholesterol, triglycerides, and
HOMA-IR were significantly more improved in the gastric
bypass vs. the sleeve gastrectomy group [18]. At 5-year
follow-up, clear differences were seen between the two
groups in multiple parameters in a large multicenter clini-
cal trial in Finland (SLEEVEPASS); complete or partial
remission of type II diabetes occurred in 45% of bypass
vs. 37% of sleeve gastrectomy patients, dyslipidemia med-
ication could be discontinued in 60% of Reux-en-Y vs.
47% of sleeve gastrectomy patients and medication for
hypertension in 51% of Reux-en-Y vs. 29% of sleeve gas-
trectomy patients [21¢]. There was, however, increased
morbidity in the gastric bypass group (26% vs. 19%) large-
ly due to typical complications and side effects discussed
earlier. The reasons for these disparate results are not clear
but could be, at least in part, accounted for by differences
in weight loss, especially at longer time points. Because of
individual patient variability within intervention groups
with respect to weight loss, a meta-analysis which strati-
fied patients according to weight loss might be useful.
Also, most studies in patients who have undergone sleeve
gastrectomy focus on short-term and/or surrogate end-
points of cardiovascular function, such as CVD risk factors
and CVD risk assessment, and long-term studies tend to
combine data for all bariatric surgical procedures vs. non-
surgical management. Therefore, functional and long-term
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data from sleeve gastrectomy patients would also improve
the ability to accurately compare the cardiovascular benefit
of the two surgical procedures.

Cardiovascular Benefits and Complications
of Large Volume Lipectomy

Large volume lipectomy was developed primarily as a treat-
ment for weight reduction and improvement of mobility in
obese patients and for esthetic reasons. However, a growing
number of studies indicate that these far less invasive proce-
dures also result in significant CVD risk lowering. Significant
reduction of inflammatory markers (IL-6, IL-1(3, TNF- «,
CRP) and leptin, a significant increase in adiponectin, de-
crease in LDL, triglycerides and increase in HDL, and nor-
malization of insulin, glucose and HOMA-IR were reported
by multiple studies in response to both vacuum-assisted sub-
cutaneous fat liposuction (aspirate volume ~ 3540 ml =3 kg)
[25] and abdominoplasty, aka, surgical removal of abdominal
fat [26, 27]. Furthermore, surgical removal of subcutaneous
fat by abdominoplasty resulted not only in decreased TNF-«,
IL-6, and leptin and increase in adiponectin, but also in im-
proved cardiac function as measured by echocardiography
2 months post-surgery, which correlated with weight loss.
Results in the abdominoplasty group in this study were com-
pared to matched controls who lost equivalent amounts of
weight by diet alone but saw no improvements in these in-
flammatory markers and adipokines [28¢].

In contrast, two studies repost lack of an effect of
lipectomy on CVD risk factors or insulin resistance.
However, in the first study, CVD risk factors or cardiovas-
cular function were in fact never evaluated; insulin resis-
tance was the only parameter measured [29]. The second
study involved only 15 female patients in whom subcuta-
neous abdominal adipose tissue was removed by liposuc-
tion and concluded that lipectomy had no effect on insulin
resistance. A recent review reported mixed results regard-
ing effect of subcutaneous adipose tissue liposuction per
se on inflammatory marker reduction, leptin and
adiponectin levels and cholesterol [30]. Of the total of 12
studies examined, leptin was reported to significantly de-
crease in four and IL-6 and TNF-« in 2 studies.
Adiponectin increased in 2, while 10 studies reported sig-
nificant increases in insulin sensitivity [30]. A large meta
analysis which included all available human studies (28 in
total) which investigated the effect of all forms of
lipectomy on CVD risk factors concluded that lipectomy
(removal of an average of 3 kg of adipose tissue in obese
patients BMI 30-35 kg/m?) had overall beneficial effects
on CVD risk factors (inflammatory markers, cholesterol
and triglycerides, leptin and adiponectin) and especially
on insulin resistance [31]. Also, all studies reported weight
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loss significantly greater than that induced by lipectomy
alone at 2—-5-year follow-up, countering the notion that
direct removal of adipose tissue stimulates its growth.

Out of these and other studies, including animal studies,
several factors have emerged as key determinants of the car-
diovascular benefits of the large volume lipectomy procedures
and may explain these inconsistent findings. First, the type of
lipectomy performed, surgical subcutaneous adipose tissue
removal (abdominoplasty) vs. vacuum-assisted subcutaneous
adipose tissue liposuction, may be relevant. Second, and re-
lated, the adipose tissue depot, subcutaneous vs. omental vs.
mesenteric, being targeted certainly makes an important dif-
ference in outcomes. In a study in obese human patients un-
dergoing unrelated abdominal surgery, biopsies of three dif-
ferent types of abdominal adipose tissue, subcutaneous, omen-
tal, mesenteric and periaortic, clearly demonstrated that only
mesenteric and omental fat cells are larger and less
vascularized and exhibit similar inflammatory profiles with
elevated inflammatory macrophage infiltrates, with elevated
IL-6, IL-13, MCP-1, and TNF-« expression [32¢]. This is a
characteristic of profile of dysfunctional adipose tissue, which
is associated with dysregulated adipokine production, includ-
ing increased inflammatory cytokine secretion, increased lep-
tin, and decreased adiponectin production. Moreover, expan-
sion of adipose tissue with these characteristic has been well
correlated with progressive metabolic dysfunction which cul-
minates in development of insulin resistance and type II dia-
betes. In fact, in this particular study, larger adipocyte size of
the mesenteric adipocytes was associated with 79% higher
odds of having metabolic syndrome [32¢]. Adipocyte size
and inflammatory cytokine amounts in subcutaneous fat,
which is the only adipose tissue depot that has been targeted
by any lipectomy procedure in humans, are significantly lower
(~1/2 that in mesenteric or omental adipose tissue, on aver-
age) [32¢]. And yet, as discussed in this section of the review,
beneficial effects of removal of even only a (comparatively)
small volume of subcutaneous abdominal adipose tissue not
only on CVD risk factors but also on cardiovascular function
cannot be denied. Also, in comparison with gastric bypass,
lipectomy is a minimally invasive intervention with no long-
term side effects and few complications.

Mechanisms through which lipectomy confers benefi-
cial effects on CVD risk factors and cardiovascular
function remain largely unknown. Furthermore, potential
overlap and differences in the mechanistic effects and
signal transduction pathways between the two interven-
tions have not been explored. In our preliminary studies
in an obese and hypertensive metabolic syndrome rat
model, the JCR:LA-cp rat [33], surgical removal of ~
90% of the omental and mesenteric fat (=~ 10% of total
body weight of the animal) at 12 weeks of age resulted
in a more significant decrease in systolic and mean ar-
terial blood pressure as well as a further improvement
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in left ventricular ejection fraction in comparison to
Reux-en-Y gastric bypass surgery, at 24 weeks of age
(12 weeks post-surgical intervention) (Rocic, unpub-
lished observations 2012-2018). These differences ap-
pear to be due to the fact that while intra-abdominal
lipectomy and Reux-en-Y gastric bypass had equivalent
effects on improving microvascular function (as assessed
by acetylcholine-mediated vasodilation), only intra-
abdominal lipectomy improved large artery compliance
(Rocic, unpublished observations 2012-2018), which is
the major determinant of systolic blood pressure. The
molecular mechanisms that underlay these differential
effects are currently the subject of study in our labora-
tory, but likely involve elevated production of 20-hy-
droxy-5,8,11,14-eicosatetraenoic acid (20-HETE) by the
expanded and dysfunctional adipose tissue in the
JCR:LA-cp animals. 20-HETE is a w-hydroxylation
product of arachidonic acid with known vasoactive
properties [34, 35] which we have recently shown to
have differential effects on large artery compliance in
healthy vs. metabolic syndrome animals [36]. 20-HETE
has been shown to be increased in obese and metabolic
syndrome patients [37]. We include these preliminary
observations in this review to offer an idea of a possible
mechanism by which lipectomy targeted to an appropri-
ate adipose tissue compartment can exert significant
positive effects on cardiovascular function. Since large
artery compliance is a major determinant of systolic
blood pressure, this may be especially relevant in light
of the demonstrated lack of an effect of Reux-en-Y
gastric bypass on systolic blood pressure in a recent
human study [9].

Conclusions and Future Directions

Whether reduction in weight alone, reduction in adipose
tissue volume per se, other factors, especially changes
in the gastrointestinal microbiome, or a combination are
responsible for cardiovascular benefits of bariatric sur-
gery remains uncertain despite significant concentration
of effort in this area. Moreover, whether or not the two
most commonly used types of bariatric surgery, the
Reux-en-Y gastric bypass and sleeve gastrectomy, lead
to equivalent or similar improvements in CVD risk fac-
tors, projected CVD risk and/or especially cardiovascu-
lar disease, major clinical events and patient survival is
not entirely clear at this time. Because of demonstrated
significant differences in post-surgical complications,
side effects, and lifestyle quality between the two pro-
cedures, definitive answers to these questions are impor-
tant. Thus, further long-term comparative studies and
analysis are urgently needed.

In the meantime, mounting evidence indicates that
reduction in adipose tissue volume alone may confer
significant cardiovascular benefit. However, the full po-
tential of lipectomy as an intervention to reduce and/or
delay the incidence of CVD in obese patients remains
unexplored. The multifactorial reasons discussed in this
review in large part underlay this current predicament.
Focus on CVD risk factors and lack of inclusion of
actual cardiovascular function, cardiovascular events
and CVD-related mortality, combined with somewhat
biased representation of gastric bypass vs. lipectomy
cemented gastric bypass, and later sleeve gastrectomy,
as interventions of choice for reduction of CVD risk
in obese patients, without adequate exploration of pos-
sibilities lipectomy might offer. Technical difficulties at
the level of basic science research further contributed.
High post-surgical mortality rate, around-the-clock post-
surgery care and high experimental cost of comparing
the effectiveness of the Reux-en-Y gastric bypass or
sleeve gastrectomy to intra-abdominal lipectomy in
obese animal models, which are relevant to the human
population undergoing these procedures, prevents wide-
spread interest in this area and thus identification of
mechanisms which would encourage clinical application.

The available clinical evidence suggests that the cardio-
vascular benefits of the Reux-en-Y gastric bypass out-
weigh common complications in patients with diabetes
and over 50 years of age at the time of surgery. However,
with the question of long-term effectiveness of sleeve gas-
trectomy with regard to cardiovascular disease, major clin-
ical events and CVD-related mortality currently without a
definitive answer, we suggest that there is sufficient evi-
dence that further exploration of lipectomy procedures,
specifically surgical removal of intra-abdominal adipose
tissue depots (omental and mesenteric fat), should be con-
sidered as an area for future investigation with specific
possible application to younger obese patients, obese pa-
tients without diabetes, and those patients with high surgi-
cal risk factors. Overall, more mid- and long-term clinical
studies which assess cardiovascular function, cardiovascu-
lar events, and CVD-related morbidity and mortality (vs.
CVD risk factors) are needed to definitively evaluate the
cardiovascular and overall benefits of the common bariat-
ric surgery and lipectomy procedures.
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