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Abstract
Background Obesity is an independent cardiovascular risk
factor and a catalyst of other cardiovascular risk factors, such
as hypertension, dyslipidemia, type 2 diabetes mellitus (DM2)
and metabolic syndrome.
Methods We analyzed cardiovascular risk in obese patients
before and after sleeve gastrectomy (SG). To this end, we
studied changes in body mass index (BMI), blood chemistry
parameters that characterize the risk of atherosclerosis and
instrumental parameters (objective markers of this risk),
namely intima-media thickness (IMT) and flow-mediated di-
lation (FMD), the latter reflecting endothelial function. We
also considered purely cardiac parameters—mitral annular
plane systolic excursion (MAPSE) and tricuspid annular plane
systolic excursion (TAPSE)—which describe cardiac risk
more specifically than the ejection fraction. Alteration of one
or more of these parameters determines an increase in cardio-
vascular morbidity and mortality.

Results The results showed that weight loss, in patients un-
dergoing SG, is accompanied by a reduced BMI and a marked
improvement in blood chemistry, confirming what has already
been shown in many other studies, but the most interesting
finding was the effect of SG on the instrumental markers of
atherosclerosis. In particular, carotid IMT was significantly
reduced (p < 0.001) and FMD significantly improved.
MAPSE and TAPSE also improved significantly at both
follow-up assessments (p < 0.001).
Conclusions This study suggests that SG should be consid-
ered from a broader perspective, i.e. as a weight loss treatment
that also improves obesity-related morbidity and mortality,
benefitting both the patient and, in an economic sense, the
society as a whole.
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Introduction

Obesity is an independent cardiovascular risk factor as well as
a catalyst of other cardiovascular risk factors, such as hyper-
tension, dyslipidemia, type 2 diabetes mellitus (DM2) and
metabolic syndrome [1, 2]. Obese individuals are at increased
risk of atherosclerotic diseases [3], while patients with cardio-
vascular disease are often obese or overweight.

Obese patients are increasingly assessed for the presence of
plurimetabolic syndrome, recognized as a leading cause of
morbidity, mortality and impaired quality of life [4, 5].

All obesity-related diseases improve and, in the case of
DM2 for example, often disappear if a person’s weight is
normalized and especially if this result is maintained over time
[6].

Bariatric surgery leads to rapid weight loss and body mass
index (BMI) reduction in 50–60% of the cases, and many
studies have shown significantly reduced mortality in bariatric
patients [7, 8].

We investigatedmetabolic and instrumental changes in bar-
iatric surgery patients, limiting our study, in this initial phase,
to patients undergoing sleeve gastrectomy (SG), the technique
most frequently used in our setting. SG, also known as vertical
gastrectomy, involves dissection along the greater curvature
and removal of the gastric fundus, leaving the antral-pyloric
region and vagal innervation intact. Left with a drastically
reduced stomach capacity, the patient feels full after ingesting
even small amounts of food; the procedure also reduces the
level of the ‘hunger hormone’ ghrelin [9].

The aim of this study was to record metabolic changes after
SG, analyzing the results of blood tests and the behaviour of
instrumental parameters recognized by the international scien-
tific community as reliable for cardiovascular risk assessment.
Numerous studies have confirmed their prognostic value
[10–18].

Materials and Methods

The study, conducted at the Department of Surgical Sciences,
BSapienza^ University of Rome, between January 2014 and
December 2015, concerned 45 candidates for SG: 18 men and
27 women aged between 24 and 57 years, with a BMI of
between 30 and 57.7 (Table 1). Exclusion criteria were
insulin-dependent diabetes and overt cardiovascular disease.
In the first case, patients, generally, are not obese and being
the type 1 diabetes a cardiovascular risk factor could alter the
results. In the second case, the alterations of the parameters
could be derived from the underlying disease and not by obe-
sity. Totally, 12 patients were excluded from the study. All the
participants gave their informed consent, and IRB approval
was obtained.

In all the subjects, we evaluated smoking habits, blood
pressure (BP), the presence of DM2, lipid profile (triglycer-
ides; total, LDL and HDL cholesterol), carotid intima-media
thickness (IMT), flow-mediated dilation (FMD) (to evaluate
endothelial function), ankle-brachial index (ABI), tricuspid
annular plane systolic excursion (TAPSE) and mitral annular
plane systolic excursion (MAPSE). Table 2 gives the refer-
ence values.

The echo-colour Doppler parameters collected have always
been measured by the same operator. Carotid IMT was
assessed by ultrasound examination, which was performed
using a MyLab 70 (Esaote SpA) with 7.5 MHz linear probe,
according to reported criteria [19]; IMT was measured bilat-
erally at the posterior wall of the common carotid artery,
which was 1 cm from the bifurcation, and the highest value
was used for analysis; values ≤0.8 mm were considered
normal.

FMD was assessed according to the protocol of Corretti
et al. [20]: a high-frequency (7.5 MHz) linear probe is used

Table 1 Descriptive parameters of the study population

Whole population (45 patients)

Minimum Maximum Mean Standard dev.

Age (years) 24 57 38.7 9.0

Weight (kg) 68.0 164.0 121.8 19.2

BMI 30.9 57.7 44.3 4.6

Women (27 patients)

Age (years) 25 53 39.3 8.4

Weight (kg) 68.0 161.0 114.1 16.1

BMI 30.9 57.7 43.4 5.4

Men (18 patients)

Age (years) 24 57 37.8 10.1

Weight (kg) 105.0 164.0 133.2 18.1

BMI 41.0 54.8 45.6 3.6

Table 2 Reference
values for the parameters
considered

Parameter Reference values

Hypertension <145/90 mmHg

Total cholesterol <220 mg/dl

HDL cholesterol Men >40 mg/dl

Women >45 mg/dl

LDL cholesterol <120 mg/dl

Triglycerides <150 mg/dl

Carotid IMT ≤0.8 mm

FMD >9%

MAPSE >12 mm

TAPSE >14 mm
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to visualize the brachial artery in a longitudinal section, near
the elbow. The diameter of the artery is measured in basal
conditions. A pneumatic cuff, inflated to a pressure higher
than the subject’s systolic BP, is used to induce compression
for 4–5 min, after which the cuff is deflated and the diameter
of the artery is measured again at the following intervals: 20,
45 and 60 s, for up to 3 min. In most cases, maximum
vasodilatation is reached 45–60 s after the test. FMD is
calculated as the percentage difference between the maxi-
mum post-ischemic diameter, and the average basal diame-
ter: FMD = [(post-ischemic diameter – basal diameter) /
basal diameter] × 100. FMD values >9% were considered
normal.

The ABI is the ratio of the systolic blood pressure mea-
sured at the ankle and the systolic blood pressure measured at
the humeral artery and is normally between 0.9 and 1.3. We
used tire sleeves appropriate in height and length to limb size.
All the subjects underwent colour Doppler echocardiography
performed with a 2.5 MHz sector probe (Esaote SpA) to study
(1) TAPSE, an index of right ventricular systolic function, and
(2) MAPSE, an index of the left ventricular systolic function.
This information on ventricle longitudinal kinetics was ac-
quired using an apical four-chamber view and applying the
M-mode technique to the lines that pass through the side mar-
gins of the atrioventricular valves.

The instrumental investigations and blood tests were re-
peated 3 and 6 months after surgery, for comparison with the
preoperative findings.

Statistical Analysis

The Shapiro-Wilk test showed that the instrumental and blood
chemistry parameters were not normally distributed; there-
fore, appropriate non-parametric methods were used, in par-
ticular, Friedman’s one-way ANOVA by ranks. Correlations
between continuous variables were determined by Spearman’s
rho. The McNemar test for related samples (or Cochran’s Q
test when appropriate) was used compare categorical data at
the different time points.

The statistical comparison between diabetes/healthy and
hypertensive/normal patients was performed separately at
the three time points by means of Mann-Whitney U test for
independent samples.

The level of significance was set at p < 0.05. The descrip-
tive character of the analysis and the different aspects taken
into consideration in the study prevent a straightforward ap-
plication of Bonferroni correction for multiple testing. In any
case, we reported the actual level of significance reached by
any single test and these values are well below the Bonferroni
corrected significance levels, and, most importantly, consis-
tent to ‘strong effects’ in terms of ‘minimum Bayes factors’
[21, 22].

Results

The results of the study are summarized in Table 3. All the
patients showed considerable weight loss, and thus marked
BMI reduction, after SG. The BMI reduction, both from 0 to
3 months and from 3 to 6 months, was statistically significant
(p < 0.001).

DM2 was present preoperatively in 44.4% of the patients;
at 3 months, this rate was significantly lower (15.6%,
p < 0.001); a further reduction (to 8.9%) was recorded at
6 months, although the difference, versus the rate at 3 months,
was not significant.

Significant reductions were seen in all cholesterol measure-
ments and in triglyceride values (p < 0.001) at both follow-

Table 3 Descriptive statistics of parameter values recorded
preoperatively and at 3 and 6 months after surgery

Parameter Percentiles Min Max

25 Median 75

Preoperative BMI 41.85 44.0 46.9 30.9 57.7

BMI at 3 months 33.29 37.6 40.0 25.5 48.6

BMI at 6 months 29.65 32.17 35.0 17.8 39.0

Preoperative ABI 0.9 0.95 1.0 0.85 1.1

ABI at 3 months 1.0 1.0 1.2 0.97 1.3

ABI at 6 months 1.1 1.2 1.3 1.0 1.4

Preoperative tot. chol. 199.5 232.0 280.0 169.0 320.0

Tot. chol. at 3 months 177.5 200.0 210.0 142.0 270.0

Tot. chol. at 6 months 167.0 188.0 202.0 127.0 227.0

Preoperative HDL chol. 33.0 37.0 46.0 30.0 60.0

HDL chol. at 3 months 39.5 45.0 51.5 33.0 74.0

HDL chol. at 6 months 45.0 48.0 55.0 39.0 75.0

Preoperative LDL chol. 129.5 162.0 174.5 90.0 220.0

LDL chol. at 3 months 111.5 125.0 140.5 75.0 228.0

LDL chol. at 6 months 87.7 108.0 124.0 68.0 213.0

Triglycerides 130.0 190.0 241.0 89.0 458.0

Triglycerides at 3 months 99.5 135.0 160.0 56.0 200.0

Triglycerides at 6 months 89.0 105.0 130.0 60.0 170.0

Preoperative carotid IMT 0.9 1.0 1.1 0.7 1.3

Carotid IMT at 3 months 0.8 0.9 1.0 0.7 1.1

Carotid IMT at 6 months 0.7 0.8 0.9 0.7 0.95

Preoperative FMD 2.0 3.0 6.5 0.0 9.0

FMD at 3 months 10.0 10.0 10.0 7.0 11.0

FMD at 6 months 10.0 10.0 10.0 1.0 15.0

Preoperative MAPSE 16.0 17.0 18.0 15.0 22.0

MAPSE at 3 months 17.0 18.0 19.0 16,0 23.0

MAPSE at 6 months 18.0 19.0 20.0 16.0 24.0

Preoperative TAPSE 19.0 20.0 21.0 16.0 27.0

TAPSE at 3 months 24.0 26.0 26.0 19.0 30.0

TAPSE at 6 months 25.0 27.0 28.0 20.0 32.0

All improvements were significant
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ups, although the HDL cholesterol improvements were less
marked.

Raised total cholesterol was found in 57.8% of the patients
before surgery; post-operatively, hypercholesterolemia was
found in 15.6% at 3 months and in 6.7% at 6 months. The
difference between the preoperative and the 3-month values
was significant (p < 0.001), while the further improvement,
between 3 and 6 months, was not (p = 0.219).

Preoperatively, 71.1% of the patients had abnormal HDL
cholesterol; this proportion was significantly smaller at 3
(35.6%, p < 0.001) and 6 months (13.3%, p = 0.002). LDL
cholesterol was abnormal in 82.2% of the patients preopera-
tively, and in 57.8 and 26.7% at 3 and 6 months respectively.
The difference between the baseline and the 3-month values
was significant (p = 0.007) and the subsequent improvement
even more so (p = 0.001).

Preoperatively, 60% of the patients had abnormal triglyc-
eride levels; this rate improved after surgery, dropping to
33.3% at 3 months and 6.7% at 6 months. The difference
between the baseline and 3-month values was significant
(p < 0.001), as was the improvement between 3 and 6 months
(p < 0.001).

Hypertension was found in 51% of the patients before sur-
gery; this rate fell post-operatively, to 40% at 3 months and
28% at 6 months. The reduction in the number of hyperten-
sives from baseline to 3 months was statistically significant
(p = 0.016). The further reduction was not.

With regard to the instrumental parameters, 97.8% of the
patients had an abnormal carotid IMT at baseline, 86.7% at
3 months and 66.7% at 6 months. The improvement at the first
follow-up was not significant (p = 0.063), whereas it became
significant at 6 months (p = 0.004).

While FMD values were abnormal in all the patients pre-
operatively, only 13% showed impaired endothelial function
at 3 months and 2.2% at 6 months. The difference between the
preoperative and 3-month assessments was significant
(p = 0.001), at odds with the improvement recorded between
3 and 6 months was not (p = 0.101).

The ABI rating has never detected values outside the nor-
mal range although there was an improvement of the values in
the post-operative period, but not statistically significant.

Although MAPSE and TAPSE were within the normal
range throughout the study, these parameters still showed
slight, but significant, increases at both follow-up assessments
(p < 0.001), indicating an improvement in the systolic func-
tion of the two ventricles.

We looked for correlations between the presence of diabe-
tes and the instrumental parameters IMT and FMD.
Preoperatively, diabetes was correlated with abnormal FMD
(p = 0.009) and IMT (p = 0.001); however, these correlations
were no longer significant at either follow-up (Table 4).

The presence of hypertension was also significantly corre-
lated with abnormal IMT (p = 0.001) and FMD (p = 0.009)

preoperatively. At 3 months, it was correlated only with ab-
normal IMT (p = 0.006); at 6 months, this correlation was
even stronger (p = 0.001) (Table 5).

Discussion

The American Heart Association classifies obesity as a major
andmodifiable risk factor for cardiovascular disease [1]. Obesity
is, indeed, frequently associated with cardiovascular diseases,
such as cerebral and coronary artery diseases andwithmetabolic
disorders, such as dyslipidemia, insulin resistance and DM2,
also known as major atherosclerosis risk factors [23, 24].

Weight loss surgery has proved to reduce the incidence of
comorbidities and its associated cardiovascular events.
Several studies have shown hormonal and hemodynamic
changes after bariatric surgery and the beneficial effects on
long-term survival in obese patients [7, 8]. Originally pro-
posed as the first stage of a hybrid malabsorptive procedure,
over a very short period of time, SG has become an extremely
popular bariatric procedure among both patients and surgeons.
SG is associated with a high rate of remission of DM2 and
other obesity-associated comorbidities, including hyperten-
sion, hyperlipidemia and sleep apnea. [9, 25].

In a recent paper published by Lupoli et al., the authors
performed a meta-analysis evaluating changes in IMT, FMD
and nitroglycerin-mediated dilatation (NMD) in obese pa-
tients after bariatric and metabolic surgery. Only ten articles
met the inclusion criteria, and 314 obese patients were ana-
lyzed. The results highlighted how bariatric surgery is

Table 4 Correlations between the presence of diabetes and the
instrumental parameters carotid IMT and FMD

Instrumental parameters and diabetes before surgery

Parameter Diabetes Percentiles Mann-Whitney
U test

25th Median 75th

Carotid IMT No 0.8 0.9 1.0 p = 0.001

Yes 1.0 1.1 1.2

FMD No 2.5 4.0 7.5 p = 0.271

Yes 0.0 3.0 4.75

Instrumental parameters and diabetes at 3 months

Carotid IMT No 0.7 0.8 0.9 p = 0.748

Yes 0.8 0.9 1.0

FMD No 10.0 10.0 10.0 p = 0.963

Yes 10.0 10.0 10.0

Instrumental parameters and diabetes at 6 months

Carotid IMT No 0.7 0.8 0.9 p = 0.163

Yes 0.8 0.9 1.0

FMD No 10.0 10.0 10.0 p = 0.893

Yes 10.0 10.0 10.0

The statistically significant values are shown in italics
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associated with a significant improvement of structural and
functional markers of atherosclerosis and beneficial effects
on subclinical atherosclerosis and on endothelial function. A
significant reduction of carotid IMT (−0.17 mm), accompa-
nied by a 5.6% increase in FMD, was also reported. However,
the authors have identified some limitations of the study de-
sign: different types of bariatric surgery represent potential
source of bias (the majority of the patients included undergo-
ing gastric bypass); in addition, there was a generally high
heterogeneity between articles [26].

The present study reports the impact of SG on comorbidi-
ties in addition to its effects on carotid IMT, FMD, ABI,
TAPSE and MAPSE as instrumental parameters for cardio-
vascular risk assessment.

To our knowledge, no significant data on endothelial dys-
function after SG alone is currently available; however, certain
publications have analyzed analogous data deriving from dif-
ferent surgical procedures (Roux-en-Y gastric bypass, SG,
gastric banding [26, 27]). We analyzed 45 obese patients pre-
operatively and 3 and 6 months after the operation. The inter-
est on the first post-operative period is related to the assump-
tion that SG is not only a restrictive procedure; on the contrary,
its post-operative changes are due to an intrinsic neurohor-
monal effect which is considered to be independent from the
weight loss. In fact, we registered a dramatic remission of
DM2 (65%) already noted on the third post-operative month
differently from the nadir weight, which decreases later on
(i.e. 12–18 months). Few papers analyze the early results of
bariatric surgery on artery function. Domienik-Karłowicz
et al. evaluated 40 obese patients before and 6 months after
surgery the pulse wave velocity, FMD and NMD. The FMD

(%) is reported to increase from 12.83 ± 5.15 to 17.52 ± 5.50
after surgery (p < 0.0001). [27] In our study, we registered an
important amelioration of FMD rapidly at the third post-
operative month while the improvement recorded between 3
and 6 months was not significant (p = 0.101). Similarly to
DM2, a hormonal mechanism seems to be involved in induc-
ing changes on endothelium functions.

Nevertheless, the normalization of carotid IMT was statis-
tically significant after 6 months from SG.

Nowadays, we have non-invasive instrumental markers,
namely IMT and FMD, capable of detecting, defining and
monitoring this risk and documenting its reduction.
Increased arterial IMT, especially carotid IMT, is associated
with coronary lesions and predictive of cardiovascular events
[14–30]. Ongoing research has shown it to be associated with
cognitive disorders in cardiovascular patients [31].

FMD is an index of arterial function. The vascular endothe-
lium is an actual organ that performs many functions: anti-
in f l ammatory, an t i th rombot ic , an t i coagu la to ry,
antihypertrophic and, especially, vasomotor. The latter function
depends on the capacity of endothelial cells, which is subjected
to an ischemic stimulus, to produce nitric oxide (NO), which
induces endothelium-dependent vasodilation (FMD) of the ar-
tery. Endothelial dysfunction is a crucial factor in atherogene-
sis, and its prognostic value is high [32, 33]. FMD and IMTare
normalized after SG in our study, at both follow-ups. These
results suggest that FMD could be a useful early marker of
cardiovascular risk, while IMT could serve as a late marker,
probably indicative of a stabilization of this risk.

MAPSE and TAPSE were normal at baseline in the entire
sample, partly because patients with heart disease were

Table 5 Correlations between
the presence of hypertension and
the instrumental parameters
carotid IMT and FMD

Instrumental parameters and hypertension before surgery

Parameter Hypertension Percentiles Mann-Whitney
U test

25th Median 75th

Carotid IMT No 0.8 0.9 1.0 p = 0.001

Yes 1.0 1.1 1.2

FMD No 3.0 4.0 7.25

Yes 0.0 2.0 5.0 p = 0.009

Instrumental parameters and hypertension at 3 months

Carotid IMT No 0.8 0.8 1.0 p = 0.006

Yes 0.9 1.0 1.09

FMD No 10.0 10.0 10.0 p = 0.440

Yes 10.0 10.0 10.0

Instrumental parameters and hypertension at 6 months

Carotid IMT No 0.7 0.8 0.9 p = 0.001

Yes 0.85 0.9 1.0

FMD No 10.0 10.0 10.0 p = 0.085

Yes 10.0 10.0 10.0

The statistically significant values are shown in italics
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excluded; these parameters, nevertheless, improved signifi-
cantly after SG, demonstrating unequivocally that weight loss
improves cardiac function.

We found statistically significant correlations between hy-
pertension and instrumental parameters, especially in IMT—
thickening probably constitutes the reaction of the intima and
media to the hypertensive insult on the arterial wall. The in-
crease in IMT is age related, which supports the idea that IMT
is a late marker of cardiovascular risk, which depends on the
duration of exposure to hypertension. FMD, which signifi-
cantly correlated with hypertension before surgery, showed
no significant relationships after SG, either with hypertension
or blood chemistry values. We believe this can be explained
by the speed with which both FMD and lipid/blood sugar
profiles were normalized after SG.

With the exception of HDL cholesterol (higher in women
both before and after SG), we found no significant gender
differences in blood chemistry. This absence of gender differ-
ences needs to be substantiated in a larger population. With
regard to the HDL cholesterol values in the women, it should
be noted that most of the women in the study were premeno-
pausal and thus enjoyed the beneficial effects of oestrogen on
lipid metabolism [34].

Conclusions

The initial results of our ongoing research show that bariatric
surgery is important not only in weight reduction but also in
correcting cardiovascular risk factors and reducing the risk of
death. SG should, therefore, probably be considered from a
broader perspective, i.e. as a weight loss treatment that can
also improve obesity-related morbidity and mortality, benefit-
ting both the patient and, in an economic sense, the society as
a whole. The instrumental markers described, which were
used in combination with blood tests, provide an objective
method (inexpensive and readily available) for evaluating car-
diovascular risk in the obese, for documenting its reduction
after SG, and for monitoring the outcome over time. It never-
theless requires careful execution (according to the guidelines)
and standardization.
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