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Abstract: The remission of obesity-related diseases following bariatric surgery appears to result from
the reorganization of metabolic and hormonal pathways involving adipokines. This study aimed to
investigate the relationship between changes in body adiposity and serum adipokine levels, as well
as the association between variations in adiponectin or resistin levels and cardiometabolic risk blood
biomarkers before and after Roux-en-Y gastric bypass. A longitudinal and prospective study was
conducted with bariatric surgery patients. Anthropometric, body composition and blood biochemical
parameters were measured before and at 2 and 6 months post-surgery. The data were analyzed using
ANOVA, Pearson or Spearman correlation, and simple linear regression with a significance level of
p < 0.05. Among 36 mostly female patients aged 30 to 39 years, significant reductions in body weight
(−26.8%), fat mass (−50%), waist circumference (−18%) and waist-to-height ratio (−22%) were
observed post-surgery. Serum adiponectin levels increased (+107%), while resistin (−12.2%), TNF-α
(−35%), and PAI-1 (−11.1%) decreased. Glucose, insulin, CRP, cholesterol, LDL-c, triglycerides,
and vitamin D also decreased. Waist circumference variation showed a positive correlation with
PAI-1 and TNF-α and a negative correlation with adiponectin. The total fat mass showed a positive
correlation with PAI-1. Adiponectin variation correlated negatively with glucose, resistin, and CRP
but positively with HDL-c. Resistin showed a positive correlation with insulin and CRP. In conclusion,
6 months post-bariatric surgery, reducing abdominal adiposity had a more significant impact on
serum adipokine levels than total fat mass. Adiponectin increase and resistin decrease acted as
endocrine mediators driving the remission of cardiometabolic risk biomarkers in individuals with
obesity following Roux-en-Y gastric bypass.

Keywords: bariatric surgery; obesity management; abdominal adiposity; cardiometabolic risk factors;
adiponectin; resistin

1. Introduction

Obesity is a chronic, progressive, and recurrent disease that affects over 650 million
people worldwide [1]. In Brazil, data from the Ministry of Health [2] indicate that cur-
rently, 60.3% of adults are overweight, which is equivalent to 96 million people, with
approximately 22% having obesity.

Obesity is characterized by an excessive increase in white adipose tissue mass, along
with the dysregulation of its function as a metabolic and endocrine organ. This imbal-
ance causes low-intensity chronic inflammation and disrupts energy homeostasis, con-
tributing to the development of chronic cardiovascular, metabolic, and immunological
diseases [3–6]. Visceral adipose tissue hypertrophy, combined with increased macrophage
infiltration, results in unbalanced adipokine secretion, culminating in a greater release of
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pro-inflammatory and oxidative molecules and a reduction in anti-inflammatory
molecules [4,7–9].

Biological markers, or biomarkers, have been utilized to predict the risk or progression
of cardiovascular and metabolic diseases, providing crucial prognostic insights into the
disease course and/or therapeutic interventions [10,11]. Alongside conventional markers
like blood glucose, lipid profile, C-reactive protein (CRP), and troponin I, recent scien-
tific literature has underscored new markers, produced partially or exclusively in adi-
pose tissue, including adiponectin, resistin, TNF-α, and plasminogen activator inhibitor-1
(PAI-1) [7,11,12].

Adiponectin is an adipokine produced in white adipocytes that is inversely associ-
ated with obesity [4]. This adipokine plays a beneficial role in regulating metabolism,
glycemic control, and anti-inflammatory responses [7,11,13]. On the other hand, resistin,
an adipokine produced in the vascular stroma of human white adipose tissue, is known
for its role in promoting insulin resistance and inflammation [14] with associated elevated
concentrations of type 2 diabetes mellitus (DM2) and obesity [4,7].

Seeking control of severe obesity refractory to clinical treatments, bariatric surgery,
specifically, Roux-en-Y gastric bypass, is an effective therapeutic strategy for weight loss
and the remission of metabolic syndrome, which is a surgical technique that involves a
combination of anatomical reductions in stomach and intestinal disabsorption [6,15,16].

The mechanisms involved in this process of comorbidity remission remain under
investigation, as the simple restriction of food intake or a combination of restriction
and malabsorption induced by the bypass is not enough to explain the effects of such
complexity [6,17].

More recent studies demonstrate that this surgery is capable of promoting a reor-
ganization of metabolic and hormonal pathways involving, among others, adipokines
engagement, such as leptin, adiponectin, and orexin-A [17–19].

Regardless, it is still necessary to expand our understanding of the association be-
tween rapid changes in body composition and changes in the concentration of circulating
adipokines, as well as the contribution of adipokines to the metabolic rearrangement expe-
rienced by patients after short-term bariatric surgery, which favors energy homeostasis and
reduced cardiometabolic diseases. Our hypothesis posits that the rapid shifts in body com-
position observed post-Roux-en-Y gastric bypass are linked to substantial changes in anti-
and pro-inflammatory adipokines, with a particular emphasis on adiponectin and resistin.
These adipokines potentially influence the remission of cardiometabolic risk factors.

Therefore, this study aimed to investigate the relationship between changes in body
adiposity and serum adipokine levels, as well as the association between variations in
adiponectin or resistin levels and blood biomarkers of cardiometabolic risk before and after
Roux-en-Y gastric bypass.

This study provides relevant and new information regarding the association between
abdominal adiposity variation and changes in the serum levels of adipokines promoted
by short-term bariatric surgery. They also highlight that the reduction in cardiometabolic
risk biomarkers after Roux-en-Y gastric bypass involves endocrine regulation mechanisms,
with adiponectin and resistin acting as mediators of this process. The study emphasizes the
use of biochemical and anthropometric data, with an emphasis on waist circumference, as
alternatives to monitor patients’ health and manage metabolic risk related to obesity both
before and after bariatric surgery.

2. Results

This study involved the participation of 36 volunteer patients, comprising 32 females
(89%) and 4 males (11%). Approximately 72.2% of the volunteers were married, 61.1%
had between 6 and 12 years of education, and 41.7% were between 30 and 39 years old, as
shown in Table 1.
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Table 1. Sociodemographic characterization of patients undergoing bariatric surgery (n = 36).

Variable n %

36 100

Gender
Female 32 89
Male 4 11

Marital status
Married 26 72.2

Non married 10 27.8

Level of education
<6 Years 6 16.7

6–12 Years 22 61.1
>12 Years 8 22.2

Age group
20–29 years 2 5.6
30–39 years 15 41.7
40–49 years 11 30.6
50–59 years 4 11.1
≥60 years 4 11.1

n = number of patients; % = patients’ percentages.

According to Table 2, the highest mean values for body weight, fat mass, waist
circumference and waist-to-height ratio among the considered time points were observed
preoperatively, while the lowest means for these parameters were observed six months
postoperatively.

When evaluating the Body Mass Index (BMI) in the preoperative period, 75% of the
sample was classified as Class III obesity; however, six months after surgery, only 13.3% of
the sample fell into this classification. Among the patients, 63.9% lost between 10.1 kg and
20 kg of fat in the first two months; additionally, 56.6% of participants lost between 20.1 kg
and 30 kg of fat six months after surgery (Table 2).

After quantifying the blood levels of adipokines and other biological markers linked
to cardiometabolic diseases, it was statistically observed that the highest means are in the
preoperative period for resistin, PAI-1, TNF-α, glucose, insulin, CRP, total cholesterol, LDL,
triglycerides, and vitamin D compared to the postoperative data at two and six months. On
the other hand, in the six-month postoperative period, the highest means were obtained
for adiponectin and HDL cholesterol compared to the preoperative period. Regarding
adipokines, it was possible to observe that six months after gastric bypass, there was a
107% increase in circulating levels of adiponectin, as well as a reduction of 12.2% in resistin,
11.1% in PAI-1, and 34.9% in TNF-α. No statistical differences were identified between the
investigated periods for troponin I, as shown in Table 3.

Aiming to understand the relationship between body adiposity and adipokine serum
levels, cross-data tests were conducted specifically to identify how changes in variables
are related over time. In these tests, the delta was used, which is obtained by calculating
the variation between the values recorded six months postoperatively and subtracting the
values recorded preoperatively for each parameter.

In Table 4, a significant positive correlation can be observed between the variation in
total fat mass and PAI-1. Furthermore, a significant positive correlation can be observed
between the variation in waist circumference and PAI-1 as well as TNF-α, in addition to a
negative correlation between the variation in waist circumference and adiponectin. Resistin
levels were not related to changes in total fat mass or waist circumference.
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Table 2. Anthropometric characteristics and body composition of patients preoperatively, two months
and six months after bariatric surgery (n = 30–36).

Preoperative After Surgery
(2 Months)

After Surgery
(6 Months)

Mean ± SD Mean ± SD Mean ± SD p Value

Body weight (kg) 119.5 a ± 22.0 98.8 b ± 16.4 87.0 c ± 17.9 <0.001
Anthropometric

Data Fat mass (kg) 60.2 a ± 14.2 44.7 b ± 12.0 31.9 c ± 12.9 <0.001

Waist circumference
(cm) 123 a ± 15.7 110 b ± 14.8 101 c ± 15.8 <0.001

Waist-to-height ratio
(cm/cm) 0.75 a ± 0.09 0.67 b ± 0.09 0.59 c ± 0.07 <0.001

Preoperative After Surgery
(2 Months)

After Surgery
(6 Months)

n % n % n %

BMI

Eutrophic
(18.5 to 24.9 kg/m2) 0 0 0 0 2 6.7

Overweight
(25 to 29.9 kg/m2) 0 0 1 2.8 9 30

Class I obesity
(30 to 34.9 kg/m2) 0 0 17 47.2 12 40

Class II obesity
(35 to 39.9 kg/m2) 9 25 10 27.8 3 10

Class III obesity
(≥40 kg/m2) 27 75 8 22.2 4 13.3

Fat mass loss

10 kg or less - - 7 19.4 1 3.3
10.1 kg to 20 kg - - 23 63.8 4 13.3
20.1 kg to 30 kg - - 5 13.8 17 56.6
30.1 kg to 40 kg - - 1 2.7 6 20.0
40.1 kg or more - - 0 0.0 2 6.6

Values expressed as mean ± standard deviation of the mean (SD). One-way ANOVA followed by Bonferroni
post-test; abc—different letters indicate differences between the means; significant if p < 0.05. Or values expressed
in absolute and relative frequencies. n = absolute number of patients; % = percentage of patients. BMI: Body
Mass Index.

Adding to the previous results, the simple linear regression test statistically confirmed
the existence of an inverse association between the variation in waist circumference and
adiponectin (R2 = 0.16; p ≤ 0.03); reducing one unit of waist circumference (cm) increased
serum adiponectin by 0.38 µg/mL. For the other parameters observed in the correlation
analysis, it was not possible to apply the linear regression test as they did not meet the
prerequisites required for such analysis.

Given the importance of adiponectin as a signaling and regulatory molecule of energy
metabolism and inflammation in different body tissues, this research investigated the
relationship between adiponectin level variations and biomarkers of cardiometabolic risk
variations before and after bariatric surgery. The results revealed a significant negative
correlation with glycemia, resistin and CRP, and a significant positive correlation with HDL,
as shown in Figure 1.

After identifying a significant correlation between the variation in adiponectin levels
and certain cardiometabolic risk biomarkers, simple linear regression analysis was applied.
This revealed that an increase in one level of adiponectin unit (µg/mL) promoted a reduc-
tion of 3.22 mg/dL of glycemia (R2 = 0.720; p ≤ 0.0001), 0.36 ng/mL of resistin (R2 = 0.174;
p ≤ 0.02) and 1.17 mg/L of CRP (R2 = 0.303; p ≤ 0.009). However, in this statistical test,
adiponectin did not prove to be a significant predictor of variations in HDL (R2 = 0.065;
p ≥ 0.09).

Similarly, we sought to investigate resistin, a molecule produced in the vascular stroma
of human adipose tissue, which is commonly associated with increased inflammation and
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worsened insulin signaling. As visualized in Figure 2, the data revealed a significant
positive correlation between resistin and insulinemia and CRP. Furthermore, through
simple linear regression analysis, it was identified that a reduction in one unit in resistin
levels (ng/mL) resulted in a reduction of 0.54 µIU/mL of insulin (R2 = 0.203; p ≤ 0.030).

Table 3. Serum levels of adipokines and cardiometabolic risk biomarkers in patients preoperatively,
at two months, and six months after bariatric surgery (n = 24–34).

Preoperative After Surgery 2
Months

After Surgery 6
Months p Value

Mean ± SD Mean ± SD Mean ± SD

Adiponectin (µg/mL) 5.4 a ± 4.1 8.5 b ± 5.5 11.3 c ±7.0 0.002
Resistin (ng/mL) 36.4 a ± 10.2 32.9 b ± 10.4 32.0 b ± 9.2 0.009

PAI-1 (ng/mL) 6.5 a ± 1.1 6.1 a,b ± 1.0 5.8 b ± 0.4 0.04
TNF-α (pg/mL) 87.9 a ± 47.7 60.3 b ± 36.1 57.2 b ± 27.4 <0.001

Glucose (mg/dL) 111.3 a ± 25.2 92.1 b ± 11.0 87.3 b ± 11.4 <0.001
Insulin (µIU/mL) 26.1 a ± 19.0 16.1 a,b ± 17.1 9.9 b ± 3.3 <0.001

CRP (mg/dL) 15.0 a ± 17.1 5.1 b ± 4.5 3.5 b ± 4.1 <0.001
Troponin I (ng/mL) 0.05 a ± 0.1 - 0.05 a ± 0.02 0.49

Total cholesterol (mg/dL) 183 a ± 37.2 153 b ± 37.8 151 b ± 32.2 <0.001
LDL (mg/dL) 114 a ± 34.7 92 b ± 26.5 81 b ± 23.8 <0.001
HDL (mg/dL) 43 a ± 10.1 40 a ± 9.2 47 a ± 13.3 0.005

Triglycerides (mg/dL) 153.9 a ± 91.0 108.5 a,b ± 47.6 88.8 c ± 41.6 <0.001
Vitamin D (ng/mL) 49.9 a ± 12.0 44.0 a,b ± 12.1 40.9 b ± 12.3 <0.001

Analysis of Variance (ANOVA); abc—different letters indicate differences between the means; p < 0.05. CRP: C-
reactive protein; TNF-α: Tumor necrosis factor—alpha; PAI-1: Plasminogen activator inhibitor-1; LDL: low-density
lipoprotein; HDL: high-density lipoprotein.

Table 4. Correlation between the variation in total fat mass or waist circumference with the variation
in the blood levels of adipokines in patients preoperatively and six months after bariatric surgery
(n = 24–34).

Dependent Variables Independent Variables r p Value
95% CI

Lower Limit Upper Limit

∆ Adiponectin (µg/mL) ∆ Fat mass −0.291 0.16 −0.6291 0.1398
∆ WC −0.485 0.008 −0.7324 −0.1260

∆ Resistin (ng/mL) ∆ Fat mass 0.33 0.12 −0.1073 0.6611
∆ WC 0.079 0.76 −0.4296 0.5506

∆ PAI-1 (ng/mL) ∆ Fat mass 0.452 0.002 0.05802 0.7252
∆ WC 0.418 0.04 0.0052 0.7149

∆ TNF-α (pg/mL) ∆ Fat mass −0.098 0.70 −0.5637 0.4144
∆ WC 0.484 0.04 −0.0106 0.7887

r: Pearson’s correlation coefficient or Spearman’s correlation coefficient when normality was rejected in the
Shapiro–Wilk test; significant if p < 0.05. ∆ WC: Waist circumference delta; TNF-α: Tumor necrosis factor—alpha;
PAI-1: Plasminogen activator inhibitor type 1; ∆: delta.
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Figure 1. Correlation between serum adiponectin levels variation and cardiometabolic risk biomarker
variation in patients preoperatively and six months after bariatric surgery (n = 24). (A) Glycemia;
(B) Insulin; (C) resistin; (D) Total cholesterol; (E) HDL cholesterol; (F) LDL cholesterol; (G) Triglyc-
erides; (H) CRP; (I) TNF-α; (J) PAI-1. r: Pearson’s correlation coefficient or Spearman’s correlation
coefficient when normality was rejected in the Shapiro–Wilk test; p < 0.05. (∆) Difference between
the levels of biological analytes in patients’ serum six months after surgery and the preoperative
concentration; (CRP) C-Reactive Protein; (TNF-α) Tumor necrosis factor alpha; (LDL) Low-density
lipoprotein; (HDL) High-density lipoprotein; PAI-1: Plasminogen activator inhibitor-1.
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Figure 2. Correlation between serum resistin levels variation and cardiometabolic risk biomarker
variation in patients preoperatively and six months after bariatric surgery (n = 24). (A) Glycemia;
(B) Insulin; (C) CRP; (D) TNF-α; (E) PAI-1; (F) Triglycerides; (G) Total cholesterol; (H) HDL cholesterol;
(I) LDL cholesterol. r: Pearson’s correlation coefficient or Spearman’s correlation coefficient when
normality was rejected in the Shapiro–Wilk test; p < 0.05. (∆) Difference between the concentration of
biological analytes in patients’ serum six months after surgery and the preoperative concentration;
(CRP) C-Reactive Protein; (TNF-α) Tumor necrosis factor alpha; (LDL) Low-density lipoprotein;
(HDL) High-density lipoprotein; PAI-1: Plasminogen activator inhibitor-1.

3. Discussion

Bariatric surgery represents a highly effective and durable treatment for refractory
severe obesity, offering benefits beyond weight loss. In many cases, patients experience the
remission of diseases and can discontinue the use of antihypertensives and hypoglycemic
agents in a period of less than six months [20–23]. Among them, Roux-en-Y gastric bypass
has proven to be highly effective in the remission of metabolic syndrome through various
mechanisms still under investigation [6,15,16,24].

In the present study, we have unveiled new data to expand the understanding of
such phenomena. Notably, in the short-term postoperative bypass, we observed that
positive changes in circulating adipokine levels were mainly related to the abdominal
adiposity/waist circumference reduction but not necessarily to total fat mass. We also
demonstrated that the increase in serum adiponectin levels, along with the reduction in
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resistin, appear to be endocrine mechanisms that mediate the reduction in the risk of
obesity-associated diseases.

In this investigation conducted in a public hospital in Brazil, the majority of individuals
undergoing bariatric surgery are female, aged between 30 and 59, married, have 6 to
12 years of education and have lower incomes. The research indicates that, despite a
similarity in the obesity percentage between men and women in Brazil, a significant
proportion of women opt for bariatric surgery and pursue the procedure at progressively
younger ages [2,25].

As expected, the surgery resulted in a 26% reduction in patient body weight, in addi-
tion to a reduction in total fat mass and waist circumference. According to the International
Federation for the Surgery of Obesity and Metabolic Disorders (2018), the average weight
loss in one year after surgery is approximately 28.9% [26].

Furthermore, within the period of up to six months post-bariatric surgery, there was
a significant change in the serum levels of molecules that are classically described in
the literature as biomarkers for cardiometabolic diseases [10,11], including the reduction
in inflammatory factors (CRPs), blood glucose and insulin, as well as triglycerides and
total cholesterol.

The hormones produced by white adipose tissue, known as adipokines, were also
modified, with an increase in adiponectin levels and a reduction in resistin, PAI-1, and
TNF-α. Interestingly, our results indicate that the decrease in waist circumference played a
more significant role in the remodeling of circulating adipokine levels than the reduction in
total fat mass. This leads to the consideration that the reduction in abdominal adiposity
favored the physiological readjustment of adipokine production.

Waist circumference is a simple method used to assess abdominal adiposity, considered
a good indicator of central obesity and a predictive parameter of risk for cardiovascular
diseases. It is associated with a 60–70% higher risk of primary hypertension and all-cause
cardiovascular mortality, with or without BMI adjustment. This association is due to
the significant activation of the renin–angiotensin system, endothelial dysfunction, and
sympathetic activation [27,28]. It is suggested that waist circumference and the waist-
to-height ratio (WHtR) have an even stronger correlation with the development of type
2 diabetes than BMI [29–31].

Reinforcing these arguments, as described by Ashwell and Gibson, WHtR as a
biomarker of early health risk, values above 0.5 indicate ‘increased risk’, while values
above 0.6 indicate ‘very high risk’ [29]. In our study, six months after surgery, a significant
reduction in WHtR was observed, transitioning from average values indicating ‘very high
risk’ to ‘high risk’.

The International Atherosclerosis Society and International Chair on Cardiometabolic
Risk Working Group on Visceral Obesity consensus (2020) [28] recommend that waist
circumference measurement, which has been neglected, be reintegrated into clinical prac-
tice, as it is a critical factor that can be used to infer the reduced risk of cardiovascular
diseases after adopting treatment strategies. In this context, this research emphasizes the
importance of interpreting the results obtained from waist circumference measurement for
the stratification of health risks related to obesity. Together with BMI, it can monitor the
effectiveness of bariatric surgery in reversing metabolic syndrome.

Moreover, white adipose tissue distribution plays a crucial role in regard to obesity-
associated comorbidities. Metabolic syndrome is most frequently observed in individuals
with a large accumulation of visceral abdominal fat, which has a high metabolic activity
and constantly releases free fatty acids into portal circulation. As a result, hypertrophied
visceral adipose tissue shows notable differences in adipokine release profile, including
an increase in inflammatory cytokines such as TNF-α and macrophage chemoattractants
(MCP-1), resistin and PAI-1, along with a reduction in adiponectin [11,32,33].

Adiponectin is a hormone derived from white adipocytes, known as an important
biomarker, which regulates body energy homeostasis, metabolism and inflammation. Its
reduction occurs in inflammatory conditions and obesity [7,11,13,33]. Reduced adiponectin
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secretion precedes insulin resistance, but increases reverse this situation [11,13,33]. Hy-
poadiponectinemia is also a risk indicator for coronary artery disease, high blood pres-
sure, and atherosclerosis. Its cardioprotective effects are related to increased nitric oxide
production due to eNOS activation and the prevention of endothelial apoptosis [33–35].
The anti-inflammatory effects of adiponectin include the suppressed production of pro-
inflammatory cytokines, such as TNF-α, IL-6, and CRP, in addition to the modulation of
IL-10 expression in monocytes and macrophages [11,13,33].

In this research, it was observed that the increase in the blood level of adiponectin
proved to be a strong predictor of the reduction in cardiometabolic risk after bariatric
surgery. This is due to its association with a decrease in blood glucose, resistin and CRP,
along with the increase in HDL cholesterol. These findings align with previously published
studies [17] and contribute to the scientific literature, providing a basis for understanding
endocrine/paracrine/autocrine mechanisms through which mixed disabsorptive bariatric
surgeries promote the reversal of metabolic syndrome.

Resistin is an adipokine produced in the vascular stroma of human white adipose
tissue and has been described as a biological marker for chronic diseases, playing a crucial
role in the initiation and progression of obesity, insulin resistance, cardiovascular diseases
and cancer through mechanisms that involve the strong activation of inflammatory path-
ways dependent on Toll-like receptor 4 [4,14]. In this study, a decrease in circulating levels
of resistin was observed in the first two months after surgery. In addition, the variation in
resistin positively correlated with the reduction in insulin and CRP levels. These findings
suggest that the decrease in resistin is also one of the mechanisms that influences the
metabolic improvement of patients after Roux-en-Y bypass. Interestingly, reduced resistin
levels occurred independently of changes in total fat mass or waist circumference, although
it showed a correlation with increased adiponectin.

PAI-1 is a molecule often found at elevated levels in the blood of individuals with
obesity and type 2 diabetes [1,36]. It is produced by endothelial cells, liver, and adipose
tissue, and plays a role in various pathophysiological processes such as the regulation
of fibrinolysis, inflammatory responses, and the negative regulation of glucose and lipid
metabolism [11,36]. Specifically, zzz-derived PAI-1 is predominantly produced in visceral
fat, where it has detrimental effects on metabolism and vascular biology [37]. Elevated
plasma levels of PAI-1 have been identified as an independent indicator of the risk of
cardiovascular diseases in patients who have experienced myocardial infarction [11,38].

Inflammation is a common link between obesity and cardiometabolic diseases, and
TNF-α is one of the main adipokines involved in the inflammatory processes that occur in
the context of obesity, mediated by NF-κB, JNK, and NLRP3 inflammasomes [9]. Dysfunc-
tional adipocytes and infiltrated M1 macrophages in adipose tissue release TNF-α, which
has atherogenic effects and promotes insulin resistance and dyslipidemia [4]. In general, it
is established that visceral obesity is more strongly associated with the release of TNF-α
than subcutaneous fat [9].

Although the present study has focused on adiponectin and resistin, the influence and
relevance of other adipokines, such as leptin, orexin A, IL-6, or other molecules, should not
be forgotten, given the complexity and breadth of the effects promoted by bariatric surgery
in the human body [17,18,39–42].

Despite all the benefits promoted by bariatrics described so far, this study identified a
decrease in vitamin D in the patients’ blood after surgery. Vitamin D deficiency is often
associated with bone diseases; however, this vitamin has also been recently associated with
the greater prevalence and severity of non-skeletal diseases, including obesity, cardiovas-
cular diseases, DM2 and hypertension [11,43], characterizing it as a potential prognostic
biomarker for chronic diseases [11]. It is worth mentioning that the Roux-en-Y gastric
bypass technique presents malabsorptive characteristics that lead to nutritional deficiencies,
including vitamin D, which occur due to a delayed mixing of nutrients with bile acids and
pancreatic enzymes close to the jejunum and ilium [44,45].
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In such a manner, the present study provided relevant information regarding the
notable modification of blood levels of adipokines and their contribution to reducing
cardiometabolic risk biomarkers in individuals with obesity undergoing short-term bariatric
surgery. The results indicate significant metabolic improvements in patients, and such
events seem to occur, at least in part, due to the increase in adiponectin and reduction in
resistin resulting from the decrease in abdominal adiposity.

The evidence gathered reaffirms the understanding that the remission of diseases
associated with obesity after bariatric surgery is not only due to weight loss or poor food
absorption but also to the regulation of the production of metabolic and inflammatory
hormonal mediators by visceral adipose tissue, including adipokines.

It is noteworthy that the biochemical assessment of adipokines, especially adiponectin
and resistin, can provide relevant information to the monitoring and prognosis of people
undergoing treatment for obesity. The importance of measuring anthropometric data is
also emphasized, particularly routine waist circumference measurements, as they are a
simple and very low-cost method that provide health professionals with a powerful tool to
manage the cardiometabolic risk associated with obesity before and after bariatric surgery.

The limitations of this study are associated with the challenges inherent to a longitudi-
nal study, such as participant attrition, cancellations of elective surgeries, rescheduling of
appointments, and operational constraints in the clinical analysis laboratory. These factors,
encountered throughout the study, contributed to a reduction in the sample size. Another
potential limitation of the study is the random discrepancy in the sample composition
between men and women, hindering the generalization of findings to both sexes.

4. Materials and Methods

A prospective longitudinal study was conducted at the ambulatory clinic of a univer-
sity hospital in the city of Vitória, ES, Brazil, involving patients enrolled in the Bariatric
and Metabolic Surgery Program. Data collection took place from July 2022 to May 2023.
Patients were recruited approximately one month before surgery and invited to participate
in pre-scheduled appointments.

The inclusion criteria encompassed individuals aged 18 years or older, with a BMI be-
tween 35 and 45 kg/m2, who underwent surgery using the Roux-en-Y bypass
method [25,42,46], in accordance with the indication criteria outlined in the legislation of
the Ministry of Health of Brazil [47], and expressed willingness to participate by signing
the Informed Consent Form (ICF).

The exclusion criteria comprised individuals with a history of prior bariatric surgery,
use of anti-obesity drugs, pregnant individuals, those with intellectual and/or communica-
tion and/or mobility limitations, uncontrolled psychiatric disorders, use of alcohol, tobacco,
or illicit drugs, severe and decompensated cardiopulmonary diseases, portal hypertension
with esophagogastric varices, immune or inflammatory diseases of the upper digestive
tract, cancer, and infectious diseases [25,42,47]. Additionally, those with a pacemaker
or any metallic structures were contraindicated for electrical bioimpedance [48] (as per
European Society for Clinical Nutrition and Metabolism (ESPEN) recommendations). The
discontinuity criteria involved non-completion of data collection protocol steps due to
participant request or abandonment.

As for convenience sampling, complying with the criteria described, forty-five patients
agreed to participate in the research, but seven withdrew from the study for personal
reasons, and two did not undergo surgery, resulting in a final sample of thirty-six patients,
as shown in Figure 3.
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The Roux-en-Y gastric bypass procedure was standardized with a 40 cm biliopancreatic
limb length and 150 cm alimentary limb length [25,42,46].

Data collection was carried out by researchers who were previously trained and quali-
fied. The patients were assessed individually and privately at three consecutive time points:
preoperatively, two months post-surgery, and six months post-surgery. The data collection
process began with the application of a sociodemographic characterization instrument,
which included information on gender, marital status, age group, and education. Following
that, participants underwent the measurement of anthropometric data and bioimpedance
testing (Inbody® 270, Republic of Korea). Finally, patients were led to the clinical analysis
laboratory, responsible for collecting the blood sample [49,50].

Blood collection was carried out after fasting for 10 to 12 h in the Hospital’s Clinical
Analysis Laboratory Unit, in accordance with standardized operating procedures. Greiner
bio-one® 21 G needles and collection tubes without heparin, with 5 mL capacity, were used.
Samples were placed on ice and centrifuged (2500 gL, 12 min at 4 ◦C) to obtain the serum,
which was stored in a freezer at −80 ◦C for later analysis.

Human serum samples were used to evaluate glucose, CRP, troponin I, LDL choles-
terol (LDL-c), HDL cholesterol (HDL-c), total cholesterol, and triglycerides, which were
quantified using colorimetric enzymatic methods using commercial kits and automatic
analyzer model CMD801 (Wiener®, Santa Fé, Argentina).

Concentrations of adipokines, hormones and cytokines in human serum were de-
termined using immunoenzymatic assay kits—ELISA (Enzyme Linked Immuno Sorbent
Assay). In order to determine adiponectin and resistin, SIGMA ELISA kits for humans
were used (Sigma-Aldrich, Saint Louis, MO, USA; catalog numbers RAB0005 and RAB0419,
respectively). To determine PAI-1, Vitamin D, TNF-α and Insulin, Elabscience® ELISA kits
for humans were used (Elabscience® Biotechnology, Houston, TX, USA; catalog numbers
E-EL-H2104, E-EL-0012, E-EL-H0109 and E-EL-H2665, respectively). The test was carried
out according to the protocol provided by the companies producing the kits.

Data analysis was performed using the Statistical Package for the Social Sciences
(SPSS) Window version 24 and GraphPad Prism version 8.0.2 software (GraphPad Software,
Inc., San Diego, CA, USA). This consisted of a descriptive analysis, as expressed by their
absolute and relative frequencies. The distribution of metric variables was evaluated by
determining the mean and standard deviation. Data were analyzed using the one-way
analysis of variance (ANOVA) test, followed by the Tukey or Bonferroni or Kruskal–Wallis
post-test, when normality was rejected in the Shapiro–Wilk test. For data crossing, Pearson
or Spearman correlation was applied when normality was rejected in the Shapiro–Wilk
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test. In cases of significant correlation, a simple linear regression model was applied to the
variables that met at least two of the three criteria: normality of residuals, homoscedasticity,
and outlier residuals. A significance level of p ≤ 0.05 was adopted.

National and international ethics standards for research involving human beings were
met. The project was reviewed and approved by the Human Research Ethics Committee
of Cassiano Antonio Morais Hospital in Vitória, under protocol number 5.517.685, dated
July 2022.

5. Conclusions

Over six months of postoperative Roux-en-Y gastric bypass, dynamic changes were
observed in the serum levels of adipokines, with an increase in adiponectin and a reduc-
tion in resistin, PAI-1 and TNF-α. These changes were mainly associated with reduced
abdominal adiposity but not necessarily reduced total fat mass.

The increase in circulating adiponectin levels and the decrease in resistin significantly
contributed to the remission of cardiovascular and metabolic risk biomarkers, including
their association with the regulation of blood glucose, lipids, and inflammatory cytokines.
These findings substantiate the concept that the metabolic improvement observed in pa-
tients after Roux-en-Y gastric bypass involves endocrine regulation mechanisms, with
adipokines, particularly adiponectin and resistin, acting as mediators of this process.

Author Contributions: Conceptualization, A.M.F., A.C.A.G., B.B.d.B., K.Z.N., F.K.H. and A.B.-L.;
Data curation, B.B.d.B., K.Z.N. and A.B.-L.; Formal analysis, A.M.F., A.C.A.G., A.M.B., B.B.d.B.,
F.K.H. and A.B.-L.; Funding acquisition, K.Z.N., F.K.H. and A.B.-L.; Investigation, A.M.F., A.C.A.G.,
A.M.B. and A.B.-L.; Methodology, A.M.F., A.C.A.G., A.M.B., K.Z.N., F.K.H. and A.B.-L.; Project
administration, F.K.H. and A.B.-L.; Resources, K.Z.N., F.K.H. and A.B.-L.; Supervision, A.B.-L.;
Validation, A.B.-L.; Visualization, A.M.F., A.C.A.G., A.M.B., F.K.H. and A.B.-L.; Writing—original
draft, A.M.F. and A.M.B.; Writing—review and editing, A.M.F., A.C.A.G., A.M.B., B.B.d.B., K.Z.N.,
F.K.H. and A.B.-L. All authors have read and agreed to the published version of the manuscript.

Funding: This research was supported by the Foundation for Research and Innovation Support of
Espírito Santo—FAPES, grant number 41989-2022.

Institutional Review Board Statement: The project has been reviewed and approved by the Research
Ethics Committee with Human Subjects at Hospital Cassiano Antonio Morais in Vitória, ES, Brazil,
under protocol number 5.517.685.

Informed Consent Statement: Informed consent was obtained from all subjects involved in the study.

Data Availability Statement: Data are contained within the article.

Conflicts of Interest: The authors declare no conflicts of interest.

References
1. World Health Organization. Obesity and Overweight; World Health Organization: Geneva, Switzerland, 2017.
2. Ministry of Health (Brazil). Vigitel Brazil 2021: Surveillance of Risk and Protective Factors for Chronic Diseases by Telephone

Survey: Estimates of Frequency and Sociodemographic Distribution of Risk and Protective Factors for Chronic Diseases in the
Capitals of the 26 Brazilian States and the Federal District in 2021. Brasília, 2021. Ministry of Health, Brasília, 2020. 128p. ISBN
978-65-5993-195-8. Publisher MS – OS 2022/0088. Available online: https://www.gov.br/saude/pt-br/centrais-de-conteudo/
publicacoes/svsa/vigitel/vigitel-brasil-2021-estimativas-sobre-frequencia-e-distribuicao-sociodemografica-de-fatores-de-
risco-e-protecao-para-doencas-cronicas (accessed on 17 January 2023).

3. Faienza, M.F.; Wang, D.Q.H.; Frühbeck, G.; Garruti, G.; Portincasa, P. The dangerous link between childhood and adulthood
predictors of obesity and metabolic syndrome. Intern. Emerg. Med. 2016, 11, 175–182. [CrossRef]

4. Feijóo-Bandín, S.; Aragón-Herrera, A.; Moraña-Fernández, S.; Anido-Varela, L.; Tarazón, E.; Roselló-Lletí, E.; Portolés, M.;
Moscoso, I.; Gualillo, O.; González-Juanatey, J.R.; et al. Adipokines and Inflammation: Focus on Cardiovascular Diseases. Int. J.
Mol. Sci. 2020, 21, 7711. [CrossRef]

5. Mayoral, L.P.-C.; Andrade, G.M.; Mayoral, E.P.-C.; Huerta, T.H.; Canseco, S.P.; Canales, F.J.R.; Cabrera-Fuentes, H.A.; Cruz, M.M.;
Santiago, A.D.P.; Alpuche, J.J.; et al. Obesity subtypes, related biomarkers & heterogeneity. Indian J. Med. Res. 2020, 151, 11.

6. Phillips, B.T.; Shikora, S.A. The history of metabolic and bariatric surgery: Development of standards for patient safety and
efficacy. Metabolism 2018, 79, 97–107. [CrossRef]

https://www.gov.br/saude/pt-br/centrais-de-conteudo/publicacoes/svsa/vigitel/vigitel-brasil-2021-estimativas-sobre-frequencia-e-distribuicao-sociodemografica-de-fatores-de-risco-e-protecao-para-doencas-cronicas
https://www.gov.br/saude/pt-br/centrais-de-conteudo/publicacoes/svsa/vigitel/vigitel-brasil-2021-estimativas-sobre-frequencia-e-distribuicao-sociodemografica-de-fatores-de-risco-e-protecao-para-doencas-cronicas
https://www.gov.br/saude/pt-br/centrais-de-conteudo/publicacoes/svsa/vigitel/vigitel-brasil-2021-estimativas-sobre-frequencia-e-distribuicao-sociodemografica-de-fatores-de-risco-e-protecao-para-doencas-cronicas
https://doi.org/10.1007/s11739-015-1382-6
https://doi.org/10.3390/ijms21207711
https://doi.org/10.1016/j.metabol.2017.12.010


Pharmaceuticals 2024, 17, 215 13 of 14

7. Kawai, T.; Autieri, M.V.; Scalia, R. Adipose tissue inflammation and metabolic dysfunction in obesity. Am. J. Physiol.-Cell Physiol.
2021, 320, C375–C391. [CrossRef]

8. Safaei, M.; Sundararajan, E.A.; Driss, M.; Boulila, W.; Shapi’i, A. A systematic literature review on obesity: Understanding the
causes & consequences of obesity and reviewing various machine learning approaches used to predict obesity. Comput. Biol. Med.
2021, 136, 104754.

9. McLaughlin, T.; Lamendola, C.; Liu, A.; Abbasi, F. Preferential fat deposition in subcutaneous versus visceral depots is associated
with insulin sensitivity. J. Clin. Endocrinol. Metab. 2011, 96, E1756–E1760. [CrossRef] [PubMed]

10. Lau, E.S.; Paniagua, S.M.; Zarbafian, S.; Hoffman, U.; Long, M.T.; Hwang, S.; Courchesne, P.; Yao, C.; Ma, J.; Larson, M.G.; et al.
Cardiovascular biomarkers of obesity and overlap with cardiometabolic dysfunction. J. Am. Heart Assoc. 2021, 10, e020215.
[CrossRef] [PubMed]

11. Wong, Y.-K.; Tse, H.-F. Circulating biomarkers for cardiovascular disease risk prediction in patients with cardiovascular disease.
Front. Cardiovasc. Med. 2021, 8, 713191. [CrossRef] [PubMed]

12. Roberts, L.D.; Gerszten, R.E. Toward new biomarkers of cardiometabolic diseases. Cell Metab. 2013, 18, 43–50. [CrossRef]
[PubMed]

13. Khoramipour, K.; Chamari, K.; Hekmatikar, A.A.; Ziyaiyan, A.; Taherkhani, S.; Elguindy, N.M.; Bragazzi, N.L. Adiponectin:
Structure, physiological functions, role in diseases, and effects of nutrition. Nutrients 2021, 13, 1180. [CrossRef]

14. Taouis, M.; Benomar, Y. Is resistin the master link between inflammation and inflammation-related chronic diseases? Mol. Cell.
Endocrinol. 2021, 533, 111341. [CrossRef]

15. Perdomo, C.M.; Cohen, R.V.; Sumithran, P.; Clément, K.; Frühbeck, G. Contemporary medical, device, and surgical therapies for
obesity in adults. Lancet 2023, 401, 1116–1130. [CrossRef] [PubMed]

16. Sandoval, D.A.; Patti, M.E. Glucose metabolism after bariatric surgery: Implications for T2DM remission and hypoglycaemia.
Nat. Rev. Endocrinol. 2023, 19, 164–176. [CrossRef]

17. Valenzano, A.; Tartaglia, N.; Ambrosi, A.; Tafuri, D.; Monda, M.; Messina, A.; Sessa, F.; Campanozzi, A.; Monda, V.;
Cibelli, G.; et al. The metabolic rearrangements of bariatric surgery: Focus on orexin-A and the adiponectin system. J. Clin. Med.
2020, 9, 3327. [CrossRef] [PubMed]

18. Unamuno, X.; Izaguirre, M.; Gómez-Ambrosi, J.; Rodríguez, A.; Ramírez, B.; Becerril, S.; Valentí, V.; Moncada, R.; Silva, C.;
Salvador, J.; et al. Increase of the adiponectin/leptin ratio in patients with obesity and type 2 diabetes after Roux-en-Y gastric
bypass. Nutrients 2019, 11, 2069. [CrossRef] [PubMed]

19. Askarpour, M.; Alizadeh, S.; Hadi, A.; Symonds, M.E.; Miraghajani, M.; Sheikhi, A.; Ghaedi, E. Effect of bariatric surgery on the
circulating level of adiponectin, chemerin, plasminogen activator inhibitor-1, leptin, resistin, and visfatin: A systematic review
and meta-analysis. Horm. Metab. Res. 2020, 52, 207–215. [CrossRef] [PubMed]

20. Pappachan, J.M.; Viswanath, A.K. Medical management of diabesity: Do we have realistic targets? Curr. Diabetes Rep. 2017, 17, 4.
[CrossRef]

21. Tajeu, G.S.; Johnson, E.; Buccilla, M.; Gadegbeku, C.A.; Janick, S.; Rubin, D.; Soans, R.; Eddy, V.J.; Sarwer, D.B. Changes in
antihypertensive medication following bariatric surgery. Obes. Surg. 2022, 32, 1312–1324. [CrossRef]

22. Dillon, C.; Peddle, J.; Twells, L.; Lester, K.; Midodzi, W.; Manning, K.; Murphy, R.; Pace, D.; Smith, C.; Boone, D.; et al. Rapid
reduction in use of antidiabetic medication after laparoscopic sleeve gastrectomy: The Newfoundland and Labrador Bariatric
Surgery Cohort (BaSCo) Study. Can. J. Hosp. Pharm. 2015, 68, 113. [CrossRef]

23. Welbourn, R.; Hollyman, M.; Kinsman, R.; Dixon, J.; Liem, R.; Ottosson, J.; Ramos, A.; Våge, V.; Al-Sabah, S.; Brown, W.; et al.
Bariatric surgery worldwide: Baseline demographic description and one-year outcomes from the fourth IFSO global registry
report 2018. Obes. Surg. 2019, 29, 782–795. [CrossRef]

24. Lager, C.J.; Esfandiari, N.H.; Luo, Y.; Subauste, A.R.; Kraftson, A.T.; Brown, M.B.; Varban, O.A.; Meral, R.; Cassidy, R.B.;
Nay, C.K.; et al. Metabolic parameters, weight loss, and comorbidities 4 years after Roux-en-Y gastric bypass and sleeve gastrec-
tomy. Obes. Surg. 2018, 28, 3415–3423. [CrossRef]

25. Pezzin, I.M.; Fioresi, M.; Furieri, L.B.; Romero, W.G.; Fiorin, B.H.; Bolsoni-Lopes, A. Risk of infection and dysfunctional
gastrointestinal motility: Most frequent diagnostics in the post-operatory of bariatric surgery. Enferm. Foco 2020, 11, 126–134.

26. O’Kane, M.; Parretti, H.M.; Pinkney, J.; Welbourn, R.; Hughes, C.A.; Mok, J.; Walker, N.; Thomas, D.; Devin, J.; Coulman, K.D.;
et al. British Obesity and Metabolic Surgery Society Guidelines on perioperative and postoperative biochemical monitoring
and micronutrient replacement for patients undergoing bariatric surgery—2020 update. Obes. Rev. 2020, 21, e13087. [CrossRef]
[PubMed]

27. Hall, J.E.; Mouton, A.J.; da Silva, A.A.; Omoto, A.C.M.; Wang, Z.; Li, X.; Carmo, J.M.D. Obesity, kidney dysfunction, and
inflammation: Interactions in hypertension. Cardiovasc. Res. 2021, 117, 1859–1876. [CrossRef] [PubMed]

28. Ross, R.; Neeland, I.J.; Yamashita, S.; Shai, I.; Seidell, J.; Magni, P.; Santos, R.D.; Arsenault, B.; Cuevas, A.; Hu, F.B.; et al. Waist
circumference as a vital sign in clinical practice: A Consensus Statement from the IAS and ICCR Working Group on Visceral
Obesity. Nat. Rev. Endocrinol. 2020, 16, 177–189. [CrossRef]

29. Ashwell, M.; Gibson, S. Waist-to-height ratio as an indicator of ‘early health risk’: Simpler and more predictive than using a
‘matrix’based on BMI and waist circumference. BMJ Open 2016, 6, e010159. [CrossRef] [PubMed]

30. Burhans, M.S.; Hagman, D.K.; Kuzma, J.N.; Schmidt, K.A.; Kratz, M. Contribution of adipose tissue inflammation to the
development of type 2 diabetes mellitus. Compr. Physiol. 2018, 9, 1. [PubMed]

https://doi.org/10.1152/ajpcell.00379.2020
https://doi.org/10.1210/jc.2011-0615
https://www.ncbi.nlm.nih.gov/pubmed/21865361
https://doi.org/10.1161/JAHA.120.020215
https://www.ncbi.nlm.nih.gov/pubmed/34219465
https://doi.org/10.3389/fcvm.2021.713191
https://www.ncbi.nlm.nih.gov/pubmed/34660715
https://doi.org/10.1016/j.cmet.2013.05.009
https://www.ncbi.nlm.nih.gov/pubmed/23770128
https://doi.org/10.3390/nu13041180
https://doi.org/10.1016/j.mce.2021.111341
https://doi.org/10.1016/S0140-6736(22)02403-5
https://www.ncbi.nlm.nih.gov/pubmed/36774932
https://doi.org/10.1038/s41574-022-00757-5
https://doi.org/10.3390/jcm9103327
https://www.ncbi.nlm.nih.gov/pubmed/33081283
https://doi.org/10.3390/nu11092069
https://www.ncbi.nlm.nih.gov/pubmed/31484347
https://doi.org/10.1055/a-1129-6785
https://www.ncbi.nlm.nih.gov/pubmed/32268422
https://doi.org/10.1007/s11892-017-0828-9
https://doi.org/10.1007/s11695-022-05893-5
https://doi.org/10.4212/cjhp.v68i2.1436
https://doi.org/10.1007/s11695-018-3593-1
https://doi.org/10.1007/s11695-018-3346-1
https://doi.org/10.1111/obr.13087
https://www.ncbi.nlm.nih.gov/pubmed/32743907
https://doi.org/10.1093/cvr/cvaa336
https://www.ncbi.nlm.nih.gov/pubmed/33258945
https://doi.org/10.1038/s41574-019-0310-7
https://doi.org/10.1136/bmjopen-2015-010159
https://www.ncbi.nlm.nih.gov/pubmed/26975935
https://www.ncbi.nlm.nih.gov/pubmed/30549014


Pharmaceuticals 2024, 17, 215 14 of 14

31. Jung, S.H.; Ha, K.H.; Kim, D.J. Visceral fat mass has stronger associations with diabetes and prediabetes than other anthropometric
obesity indicators among Korean adults. Yonsei Med. J. 2016, 57, 674–680. [CrossRef]

32. Chait, A.; Den Hartigh, L.J. Adipose tissue distribution, inflammation and its metabolic consequences, including diabetes and
cardiovascular disease. Front. Cardiovasc. Med. 2020, 7, 22. [CrossRef]

33. Achari, A.E.; Jain, S.K. Adiponectin, a therapeutic target for obesity, diabetes, and endothelial dysfunction. Int. J. Mol. Sci. 2017,
18, 1321. [CrossRef] [PubMed]

34. Fang, X.; Palanivel, R.; Cresser, J.; Schram, K.; Ganguly, R.; Thong, F.S.L.; Tuinei, J.; Xu, A.; Abel, E.D.; Sweeney, G. An APPL1-
AMPK signaling axis mediates beneficial metabolic effects of adiponectin in the heart. Am. J. Physiol.-Endocrinol. Metab. 2010,
299, E721–E729. [CrossRef] [PubMed]

35. Kobayashi, H.; Ouchi, N.; Kihara, S.; Walsh, K.; Kumada, M.; Abe, Y.; Funahashi, T.; Matsuzawa, Y. Selective suppression of
endothelial cell apoptosis by the high molecular weight form of adiponectin. Circ. Res. 2004, 94, e27–e31. [CrossRef]

36. Tamura, Y.; Kawao, N.; Yano, M.; Okada, K.; Matsuo, O.; Kaji, H. Plasminogen activator inhibitor-1 deficiency ameliorates insulin
resistance and hyperlipidemia but not bone loss in obese female mice. Endocrinology 2014, 155, 1708–1717. [CrossRef] [PubMed]

37. Kaji, H. Adipose tissue-derived plasminogen activator inhibitor-1 function and regulation. Compr. Physiol. 2011, 6, 1873–1896.
38. Hamsten, A.; Walldius, G.; Szamosi, A.; Blombäck, M.; Faire, U.; Dahlén, G.; Landou, C.; Wiman, B. Plasminogen activator

inhibitor in plasma: Risk factor for recurrent myocardial infarction. Lancet 1987, 330, 3–9. [CrossRef] [PubMed]
39. Gómez-Ambrosi, J.; Salvador, J.; Rotellar, F.; Silva, C.; Catalán, V.; Rodríguez, A.; Gil, M.J.; Frühbeck, G. Increased serum amyloid

A concentrations in morbid obesity decrease after gastric bypass. Obes. Surg. 2006, 16, 262–269. [CrossRef]
40. Gómez-Ambrosi, J.; Salvador, J.; Páramo, J.A.; Orbe, J.; de Irala, J.; Diez-Caballero, A.; Gil, M.J.; Cienfuegos, J.A.; Frühbeck, G.

Involvement of leptin in the association between percentage of body fat and cardiovascular risk factors. Clin. Biochem. 2002,
35, 315–320. [CrossRef]

41. Catalán, V.; Gómez-Ambrosi, J.; Rodríguez, A.; Ramírez, B.; Rotellar, F.; Valentí, V.; Silva, C.; Gil, M.J.; Fernández-Real, J.M.;
Salvador, J.; et al. Increased levels of calprotectin in obesity are related to macrophage content: Impact on inflammation and effect
of weight loss. Mol. Med. 2011, 17, 1157–1167. [CrossRef]

42. Viana, E.C.; Araujo-Dasilio, K.L.; Miguel, G.P.S.; Bressan, J.; Lemos, E.M.; Moyses, M.R.; de Abreu, G.R.; de Azevedo, J.L.M.C.;
Carvalho, P.S.; Passos-Bueno, M.R.S.; et al. Gastric bypass and sleeve gastrectomy: The same impact on IL-6 and TNF-α.
Prospective clinical trial. Obes. Surg. 2013, 23, 1252–1261. [CrossRef]

43. Manson, J.E.; Cook, N.R.; Lee, I.-M.; Christen, W.; Bassuk, S.S.; Mora, S.; Gibson, H.; Gordon, D.; Copeland, T.;
D’Agostino, D.; et al. Vitamin D supplements and prevention of cancer and cardiovascular disease. N. Engl. J. Med.
2019, 380, 33–44. [CrossRef] [PubMed]

44. Lespessailles, E.; Toumi, H. Vitamin D alteration associated with obesity and bariatric surgery. Exp. Biol. Med. 2017, 242, 1086–1094.
[CrossRef] [PubMed]

45. Riedt, C.S.; Brolin, R.E.; Sherrell, R.M.; Field, M.P.; Shapses, S.A. True fractional calcium absorption is decreased after Roux-en-Y
gastric bypass surgery. Obesity 2006, 14, 1940–1948. [CrossRef]

46. Almeida, C.d.G.d.; Viana, E.C.; Moreira, A.V.B.; Miguel, G.P.S.; Pedra, F.S.G.; Oliveira, F.E.; Quimquim, T.N.; Bissoli, N.S.;
Alves, R.D.M.; Bressan, J. The fatty acid profile of adipose tissue as a predictor of the ponderal and inflammatory response in
adult women six years after bariatric surgery. Lipids Health Dis. 2020, 19, 45. [CrossRef] [PubMed]

47. S Ministry of Health (Brazil). Ordinance N◦ 424, March 19, 2013. Redefines the Guidelines for the Organization of Prevention
and Treatment of Overweight and Obesity as a Priority Care Pathway within the Health Care Network for People with Chronic
Diseases. 2013. Available online: https://bvsms.saude.gov.br/bvs/saudelegis/gm/2013/prt0424_19_03_2013.html (accessed on
17 January 2023).

48. Kyle, U.G.; Bosaeus, I.; De Lorenzo, A.D.; Deurenberg, P.; Elia, M.; Gómez, J.M.; Heitmann, B.L.; Kent-Smith, L.; Melchior, J.C.;
Pirlich, M.; et al. Bioelectrical impedance analysis—Part I: Review of principles and methods. Clin. Nutr. 2004, 23, 1226–1243.
[CrossRef]

49. Braga, G.B.; Bortoli, A.M.; Brito, B.B.d.; Salaroli, L.B.; Lopes, A.B.; Haraguchi, F.K.; Abreu, L.C. Roux-en-y gastric bypass reduces
body parameters but does not alter diet quality during six months follow-up. J. Hum. Growth Dev. (Impresso) 2023, 33, 164–172.

50. Manoel, R.; Venâncio, F.A.; Miguel, G.P.S.; Haraguchi, F.K.; Pedrosa, R.G. A Higher Phase Angle Is Associated with Greater
Metabolic Equivalents in Women 1 Year After Bariatric Surgery. Obes. Surg. 2022, 32, 2003–2009. [CrossRef]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.

https://doi.org/10.3349/ymj.2016.57.3.674
https://doi.org/10.3389/fcvm.2020.00022
https://doi.org/10.3390/ijms18061321
https://www.ncbi.nlm.nih.gov/pubmed/28635626
https://doi.org/10.1152/ajpendo.00086.2010
https://www.ncbi.nlm.nih.gov/pubmed/20739511
https://doi.org/10.1161/01.RES.0000119921.86460.37
https://doi.org/10.1210/en.2013-1888
https://www.ncbi.nlm.nih.gov/pubmed/24605827
https://doi.org/10.1016/S0140-6736(87)93050-9
https://www.ncbi.nlm.nih.gov/pubmed/2885513
https://doi.org/10.1381/096089206776116525
https://doi.org/10.1016/S0009-9120(02)00320-X
https://doi.org/10.2119/molmed.2011.00144
https://doi.org/10.1007/s11695-013-0894-2
https://doi.org/10.1056/NEJMoa1809944
https://www.ncbi.nlm.nih.gov/pubmed/30415629
https://doi.org/10.1177/1535370216688567
https://www.ncbi.nlm.nih.gov/pubmed/28103699
https://doi.org/10.1038/oby.2006.226
https://doi.org/10.1186/s12944-020-01229-3
https://www.ncbi.nlm.nih.gov/pubmed/32178673
https://bvsms.saude.gov.br/bvs/saudelegis/gm/2013/prt0424_19_03_2013.html
https://doi.org/10.1016/j.clnu.2004.06.004
https://doi.org/10.1007/s11695-022-06050-8

	Introduction 
	Results 
	Discussion 
	Materials and Methods 
	Conclusions 
	References

