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Abstract

Background/Aim: Soluble tumor necrosis factor-like weak inducer of apoptosis (sSTWEAK)
and amyloid-B(1-40) (AB4o) emerged as markers of cardiovascular risk because of their actions
in the endothelium and their role in atherosclerotic progression. The aim of this study was to
analyze the association of these two factors with the decrease in carotid intima-media thick-
ness (cIMT) after bariatric surgery in obese women. Methods: We studied 60 severely obese
women, of whom 20 were submitted to laparoscopic Roux-en-Y gastric bypass (RYGB), 20 to
sleeve gastrectomy (SG), and 20 to lifestyle modification therapy. Circulating sSTWEAK, AB40,
high-sensitivity C-reactive protein, plasminogen activator inhibitor type 1, insulin resistance
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(HOMA-IR), and cIMT were measured at baseline and after 1 year of follow-up. Results:
STWEAK increased similarly after both surgical procedures, whereas the increase observed
after lifestyle intervention did not reach statistical significance. AB4o showed no differences
between groups of women, nor did it change during follow-up. The decrease in cIMT at 12
months correlated with the decrease in body mass index (BMI) (r = 0.45; p < 0.001) and fasting
insulin (r = 0.30; p = 0.038), and also with the increase in STWEAK (r = —0.43; p = 0.002). Mul-
tivariate linear regression showed that only the changes in BMI (B = 0.389; p = 0.005) and
sTWEAK (B = —0.358; p = 0.009) were associated with the decrease in cIMT (R? = 0.313; F =
9.348; p < 0.001). Conclusions: One year after bariatric surgery, RYGB and SG induced a sim-
ilar increase in circulating sSTWEAK that occurred in parallel to the decrease observed in cIMT.

© 2020 The Author(s)
Published by S. Karger AG, Basel

Introduction

Obesity is a major health issue with increasing worldwide prevalence [1, 2] and is also
a major risk factor for cardiovascular disease [3, 4]. Obesity surgery has decreased overall
and cardiovascular mortality in long-term prospective studies [5-7]. In conceptual
agreement, bariatric surgery also reduces the carotid intima-media thickness (cIMT) [8], a
surrogate clinical endpoint widely used as a predictor of future stroke and myocardial
infarction [9].

We have recently shown that both laparoscopic Roux-en-Y gastric bypass (RYGB) and
sleeve gastrectomy (SG) decreased, to a similar extent, the cIMT in severely obese women
presenting with a high cardiovascular risk [10]. Although weight loss was clearly associated
with this beneficial effect, we failed to demonstrate any association with other well-known
cardiovascular risk factors such as lipid profiles, oxidized lipoproteins, and blood pressure,
or even with adiponectin, an adipokine linked to cardiovascular risk [10-12]. Nevertheless,
a large body of evidence supports a key role of low-grade inflammation in the development
of atherosclerosis and atherothrombosis through interactions with endothelium-dependent
vasodilatation, platelet activation, atherosclerotic progression, and plaque rupture [13-15].

One of these inflammatory mediators is tumor necrosis factor-like weak inducer of apop-
tosis (TWEAK), which binds to its receptor, fibroblast growth factor inducible 14 (Fn14) [16].
Both TWEAK and Fn14 are expressed in the arterial wall [17], participating in different stages
of atherosclerotic progression and subsequent plaque rupture [18]. Soluble TWEAK
(sTWEAK), a product derived from the full-length membrane-bound TWEAK molecule, also
binds to arterial Fn14 [19]. Under pathological arterial conditions such as atherosclerosis,
Fn14 expressionisupregulated [17], favoring sSTWEAK binding and, consequently, decreasing
its circulating levels [18]. Therefore, low levels of STWEAK are found in different atheroscle-
rotic states such as stable coronary artery disease or peripheral artery disease [20, 21].

Amyloid-B(1-40) (ABa4o), a proteolytic fragment of the amyloid precursor protein, also
plays a role in cardiovascular disease through its proinflammatory and prothrombotic prop-
erties [22, 23]. High levels of circulating A4y may impair endothelium-dependent vasodila-
tation [24] and stimulate platelet activation [25], facilitating plaque rupture. In fact, increased
circulating levels of A4 are associated with an increased risk for cardiovascular mortality in
patients with coronary artery disease [26, 27].

The aim of the present study was to investigate the possible associations of a decrease in
cIMT in obese women after obesity surgery with circulating STWEAK and A4y concentra-
tions, as well as with other well-known surrogate markers of systemic inflammation and
fibrinolysis such as C-reactive protein (CRP) and plasminogen activator inhibitor type 1
(PAI-1).

1
Karger <

322



Obes Facts 2020;13:321-330

DOI: 10.1159/000507087 © 2020 The Author(s). Published by S. Karger AG, Basel

ObeSity FaCtS www.karger.com/ofa

Gbémez-Martin et al.: STWEAK and cIMT after Bariatric Surgery

Subjects and Methods

Patients and Study Design

Sixty female candidates for obesity surgery presenting with a high cardiovascular risk, as
defined by the presence of the metabolic syndrome, were included in the study. Of them, 20
were submitted to laparoscopic RYGB and 20 to SG. Another 20 women, who declined surgery
and were submitted to diet and lifestyle modification, composed the control group. The
groups were matched for age and cardiovascular risk.

For each individual patient, the choice of the surgical technique followed international guide-
lines for obesity surgery and our hospital’s protocol, precluding randomization. This protocol
allocates patients with a body mass index (BMI) above 45 preferentially to RYGB. The main char-
acteristics of the RYGB procedure included a 20- to 40-cm? gastric pouch, a biliopancreatic limb
measuring 80-100 cm from Treitz’ ligament, and a 120- to 200-cm-long alimentary limb. SG was
performed with a laparoscopic linear stapler calibrated with a 32-Fr orogastric tube.

The diagnosis of the metabolic syndrome followed the criteria of the American Heart
Association and National Heart, Lung, and Blood Institute [28], and required the presence of
three or more of the following criteria: central obesity with a waist circumference >88 cm,
triglycerides >150 mg/dL, blood pressure >130/85 mm Hg, fasting glucose >100 mg/dL,
high density lipoprotein cholesterol <50 mg/dL, a previous diagnosis of type 2 diabetes
mellitus, or treatment for hypertension or lipid disorders.

Exclusion criteria included mental impairment, an uncontrolled psychiatric condition or
active substance abuse, active neoplastic disease, pregnancy, unstable or incurable serious
preexisting comorbidities, and active treatment with thiazolidinediones.

Both the patients and the controls were evaluated at baseline and 1 year after surgery or
after conventional treatment with diet and lifestyle modification, respectively. The partici-
pants were also reevaluated 6 months after surgery for anthropometric and analytical
assessment (but not for cIMT measurements). From 2 controls and 3 patients submitted to
SG, serum samples at 1 year of follow-up were not available for sSTWEAK and A4y measure-
ments; these missing data were handled by carrying forward the latest observation in an
intention-to-treat fashion. Data on change in cIMT have been reported elsewhere [10].

Assays

Serum sTWEAK was measured in duplicate by ELISA using a commercial kit (Human
TWEAK Instant ELISA; Bender MedSystems, Vienna, Austria) with a sensitivity of 9.7 pg/mL
and intra- and interassay coefficients of variation (CVs) of 7.9 and 9.2%, respectively. Serum
AB4o was measured with a commercial ELISA kit (Thermo Fisher Scientific, Waltham, MA,
USA) with a sensitivity of 6 pg/mL and intra- and interassay CVs of 2.5 and 3.8%, respectively.
High-sensitivity CRP (hsCRP) was measured with a high-sensitivity colorimetric latex immu-
noassay (MULTIGENT CRP Vario Assay; Sentinel CH, Milan, Italy) using the ARCHITECT
ciB200 analyzer (Abbot Diagnostics, Maidenhead, UK). PAI-1 was measured with an ELISA kit
(R&D Systems, Abingdon, UK) with a sensitivity of 0.06 ng/mL and intra- and interassay CVs
of 8.0 and 6.3%, respectively. Serum glucose levels were measured with standard colori-
metric methods, using the ARCHITECT ci8200 analyzer. Fasting insulin was measured by
immunochemiluminescence (Immulite2000; Siemens Healthcare Diagnostics, Caernarfon,
UK), with a CV <10%. Insulin resistance in the fasting state was estimated by homeostasis
model assessment (HOMA-IR), as previously reported [10].

Statistics

All variables are expressed as mean #* SD unless otherwise indicated. The Kolmogorov-
Smirnov statistic was applied to continuous variables, and logarithmic transformations were
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Table 1. Baseline characteristics of the included women and changes after follow-up

Controls (n = 18) SG (n = 20) RYGB (n = 20)

baseline after 1 year baseline after 1 year  baseline after 1 year
Weight, kg 105.9+15.9 102.7£17.0 109.9+13.4  78.0+10.7%7 122.1+18.7%*  81.0+10.5% "
BMI, kg/m? 41.8+6.0 40.5+6.4 43.0+4.0  30.7+4.4%t  47.4+64%*  31.5:35%F
Fasting glucose, mg/dL 108.4+£16.4 107.0£25.7 114.3+33.8 91.6x16.7%T 111.3+24.3 84.4+6.7% 1
Fasting insulin, pIU/mL 14.8+10.0 15.440.5 15.4+104  7.0£3.6%1 25.0+13.9%%  42+24%1%
HOMA-IR 3.9+2.6 3.9+2.8 4.3+4.5 1.5+1.2%* 6.8+3.9 0.7£0.5% T #
cIMT, mm 0.74+0.14 0.74+0.14 0.73+0.13  0.62+0.12*T  0.76%0.15 0.68+0.12*1

Data are mean differences * SD. SG, sleeve gastrectomy; RYGB, Roux-en-Y gastric bypass; BMI, body mass index; HOMA-IR,
homeostasis model assessment of insulin resistance; cIMT, carotid intima-media thickness. * p < 0.05 for the difference from
baseline to the end of study; T p < 0.05 for the difference vs. controls; ¥ p < 0.05 for the difference vs. SG.

applied as needed to ensure normal distribution of the variables. Comparisons of continuous
variables before and after bariatric surgery used repeated-measures general linear models,
in which subject group (controls, RYGB, or SG) was introduced as a between-subjects effect.
Differences between more than two groups were analyzed by one-way ANOVA followed by
the post hoc Tukey test for multiple comparisons in case the ANOVA indicated a statistically
significant difference. For nonparametric variables, the Kruskal-Wallis test followed by Mann-
Whitney U tests were employed. Pearson’s correlation method was performed to explore
possible associations between the cIMT decrement and the absolute changes in other quan-
titative variables at the end of follow-up. Backward multivariate regression analysis was used
to assess the predictors of change in cIMT; both independent and dependent variables were
introduced into the model as the increment at the end of follow-up from baseline. All of the
statistical analyses were performed using the SPSS 18.0 (SPSS, Chicago, IL, USA) statistical
package.

Results

All women submitted to bariatric surgery were available for the analysis after 1 year, but
2 women in the control group were lost to follow-up. The women submitted to RYGB were 48
+ 9 years of age, those submitted to SG 46 + 9 years, and the controls 52 + 7 years. As expected
from our surgical protocol, the women submitted to RYGB had a higher BMI, fasting insulin,
and HOMA-IR than those submitted to SG and the controls (Table 1). The baseline STWEAK
concentrations were significantly lower in the RYGB group than in the SG and control groups.
On the other hand, there were no differences in baseline A4, PAI-1, hsCRP, and cIMT (Table
1; Fig. 1).

When the patients were reevaluated after 1 year of follow-up, both SG and RYGB had
induced higher decreases in BMI compared with lifestyle intervention, and also higher reduc-
tions in fasting insulin and HOMA-IR (Table 1). Circulating sTWEAK concentrations had
increased after bariatric surgery, regardless of the surgical technique applied, whereas no
significant changes were observed in the controls submitted to conventional treatment
(Fig. 1). PAI-1 and hsCRP concentrations had decreased after bariatric surgery, and both
surgical techniques showed differences from the controls (Fig. 1). No changes were observed
for AB4 concentrations (Fig. 1).
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Fig. 1. Changes in sSTWEAK (soluble tumor necrosis factor-like weak inducer of apoptosis), amyloid-p(1-40)
(AB4o), plasminogen activator inhibitor type 1 (PAI-1), and high-sensitivity C-reactive protein (hsCRP). * p <
0.05 for the difference from baseline to the end of study; T p < 0.05 for the difference vs. controls; ¥ p < 0.05
for the difference vs. SG. SG, sleeve gastrectomy; RYGB, Roux-en-Y gastric bypass.

When considering the results in all patients and controls together, we found a positive
correlation between the decrease in cIMT and the decrease in BMI (r = 0.45; p < 0.001) and
in fastinginsulin (r=0.30; p = 0.038). Besides, cIMT was inversely correlated with the increase
in sSTWEAK (r = -0.43; p = 0.002), but showed no statistically significant correlations with
ABy4o (r=0.04; p=0.758), PAI-1 (r=0.19; p = 0.176), or hsCRP (r = 0.21; p = 0.147) (Fig. 2).

Finally, a backwards linear regression analysis was performed to estimate the independent
effect of different variables on the decrease in cIMT. The following variables were introduced
into the model: the absolute changes in BMI, HOMA-IR, hsCRP, PAI-1, A4, and sSTWEAK, as well
as age. Ofthese variables, only the changes in BMI (=0.389; p=0.005) and sTWEAK (=-0.358;
p = 0.009) were associated with the decrease in cIMT (R? = 0.313; F = 9.348; p < 0.001).

Discussion
Our study shows that in obese women, both RYGB and SG induce a similar increase in

circulating sSTWEAK concentrations that is associated with the decrease in cIMT. In contrast,
no changes in Af4y were observed. Although obesity surgery decreased the circulating
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Fig. 2. Correlations of changes in cIMT with those of STWEAK (soluble tumor necrosis factor-like weak in-
ducer of apoptosis), amyloid-3(1-40) (AB4o), plasminogen-activator inhibitor type 1 (PAI-1), and high-sen-
sitivity C-reactive protein (hsCRP). A represents the change in the variable at the end of follow-up expressed
as % from baseline. cIMT, carotid intima-media thickness.

concentrations of hsCRP and PAI-1, these two factors did not correlate with the changes

observed in cIMT.

There are many known pathways by which sSTWEAK interacts with the endothelium and
the atherosclerotic process. TWEAK upregulates the cell surface expression of adhesion
molecules such as ICAM-1 and E-selectin in endothelial cells [29], as well as chemokine
expression and secretion by both vascular smooth muscle cells and macrophages [30]. In vivo
experiments developed in ApoE knockout mice demonstrated that administration of recom-
binant TWEAK increased atherosclerotic plaque size, and this effect was prevented by admin-
istration of a TWEAK-blocking antibody [30]. Furthermore, both genetic deletion of TWEAK
and TWEAK-blocking antibody administration in these mice reduced plaque size and inflam-
matory response, thus enhancing plaque stability [31]. TWEAK inhibition also ameliorated
diabetes-driven atherosclerosis through the attenuation of STAT1 activation, a critical inflam-
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matory pathway by which hyperglycemia contributes to the pathogenesis of diabetic compli-
cations [32].

The circulating concentrations of sSTWEAK are a useful marker of endothelial integrity
andtheatheroscleroticprocess,asarterial pathological conditionsupregulate Fn14 expression
[17] - the TWEAK receptor - and consequently decrease its circulating levels [18]. sSTWEAK
concentrations are independently and negatively associated with cIMT in asymptomatic
subjects, gradually decreasing as the number of atherosclerotic plaques increases [33] and
with the presence of coronary artery disease [20, 34]. Severely obese subjects - who have a
high cardiovascular disease risk - show reduced sSTWEAK levels, which increase after obesity
surgery in the majority of patients [35]. Accordingly, we found an increase in sTWEAK in
obese women after obesity surgery, and as a novel finding, such an increase correlated with
the improvement in cIMT.

A4 has been associated with an increased risk for cardiovascular mortality in patients
with coronary artery disease [27], and cohort-based studies revealed that Af4, was signifi-
cantly and independently associated with arterial stiffness progression, incident subclinical
atherosclerosis, and incident coronary heart disease [26]. However, we did not find any
changes in this marker after bariatric surgery and no association with the decrease in cIMT.
[tis possible that AB,4 is not sensitive enough in the setting of severely obese patients, or that
our sample size was too small to detect differences in this marker.

Hypofibrinolysis is considered a precipitating factor in the occurrence of clinical cardio-
vascular events through thrombus formation on atherosclerotic plaques, anditis also involved
in the development of atherosclerotic plaque [15]. However, a recent study has shown contro-
versial data regarding PAI-1 after obesity surgery, with different results in the short and
medium term after surgery and also between patients with and those without diabetes [36].
Although circulating PAI-1 concentrations positively correlated with cIMT both in young and
in adult obese subjects [37, 38], the addition of PAI-1 to other classic cardiovascular risk
factors did not improve prediction of high cIMT in a large cohort of healthy young adults [39].
Accordingly, our data show that PAI-1 concentrations, albeit being reduced after both RYGB
and SG, were not associated with the decrease in cIMT observed after bariatric surgery.

A similar pattern, consisting of a decrease after both surgical techniques but no corre-
lation with the overall change in cIMT, was found for hsCRP, a well-characterized inflam-
mation marker [40]. Although hsCRP has been shown to decrease after obesity surgery [41],
itis possible that it may not be as sensitive as STWEAK. In fact, the latter better predicted the
presence of carotid atherosclerotic plaques in patients with chronic kidney disease [42] and
in asymptomatic subjects [33].

The major limitation of this study is the lack of randomization in the allocation of the
patients to the groups submitted to bariatric surgery. The strict application of our hospital
protocol biased BMI, insulin resistance, and inflammatory markers towards higher values in
the subgroup of patients submitted to RYGB. This bias might also explain the lower baseline
STWEAK concentrations found in these women. In addition, because men were excluded in
order to limit the variability in basal cIMT, thereby facilitating the finding of differences
between groups, our results are only applicable to women.

In conclusion, RYGB and SG in obese women induce a similar increase in circulating
STWEAK 1 year after surgery, which parallels the decrease in cIMT.
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