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Abstract

Background Bariatric surgery promotes expressive weight loss, improving the metabolic and inflammatory profiles. The
behavior of these indicators in bariatric patients with weight recidivism is unknown. We aimed to investigate both profiles
in bariatric patients with high ratio of weight regain (RWR), comparing them with nonsurgical patients with obesity.
Methods Forty patients with obesity subjected to Roux-en-Y gastric bypass (RYGB) with high RWR composed the bariatric
group, and 40 controls matched for BMI, age, and gender were recruited as nonsurgical group. Between-group comparisons
were performed for clinical history, physical examination, biochemical, metabolic, and inflammatory profiles.

Results Bariatric group was composed of a group with an excess weight loss of 85.9 +16.8%, a RWR of 56.5 + 19.7%, and
a time since surgery of 10.7 +£4.3 years. We noticed a lower proportion of patients with type 2 diabetes mellitus and dys-
lipidemia (P <0.05) and lower neck and waist circumferences (P <0.05) in this group. No differences between groups were
observed concerning hip circumference, blood pressure, heart rate, total cholesterol, LDL-c, acid uric, creatinine, ALT, ASP,
interferon-y (INF-y), interferon gamma—induced protein-10 (IP-10), monocyte chemoattractant protein-1 (MCP-1), TNF-a,
interleukin-1p (IL-1 @), interleukin-17 (IL-17), and interleukin-10 (IL-10). Of note, fasting glucose; HbAlc; triglycerides;
and, surprisingly, IL-6 levels were lower (P <(0.05) in the bariatric group than nonsurgical one while HDL-c level was higher
(P<0.001).

Conclusion Expressive post-bariatric weight loss, even in patients with high RWR, suggests a possible metabolic benefit/
protection in the long term. Probably decreased circulating levels of IL-6 are involved in it.

Trial Registration NCT04193397.
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Key Points

o High weight regain may occur in post-bariatric patients

without medical follow-up.

e Metabolic protection occurs in post-bariatric patients even with

weight regain.

o Decreased interleukin-6 was observed in post-bariatric patients

with high weight regain.
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Introduction

The current obesity epidemic is a tremendous public
health concern worldwide [1]. Obesity is considered a
severe chronic disease related to genetic, environmen-
tal, and behavioral factors [2]. It is associated with an
increased risk of developing cardiovascular disease,
type 2 diabetes mellitus (T2DM), obstructive sleep
apnea, nonalcoholic fatty liver disease, dyslipidemia,
and cancer [3, 4].

Bariatric surgery is the most effective way to treat
severe obesity. However, it should be indicated only
when other nonsurgical approaches, such as diet, physi-
cal activity, and pharmacological therapies, are inef-
fective [2, 5]. As its name already denotes, this type
of surgery typically results in impressive weight loss,
improving and or remitting obesity-related comorbidi-
ties, with increased life expectancy and quality [6—8].

Substantial weight loss is commonly observed dur-
ing the first 2 years after surgery. Regardless of the
opted surgical procedure, there is accumulating evi-
dence showing weight regain after weight loss stabi-
lizes [9-11] in a subgroup of patients. Weight regain
is a multifactorial condition, which includes hormonal,
behavioral, environmental, psychological, and surgical
mechanisms [9]. The ratio of weight regain (RWR) may
range from 5.7 to 75.6% during 2—6 years after surgery
[12] which are possibly associated with recurrence of
obesity-related comorbidities, including T2DM [13].
There is not yet an accepted universal cutoff point to
define a clinically relevant weight regain [14]. It is pos-
sible to speculate that the magnitude of weight regain
may be associated with the relapse of metabolic and
cardiovascular diseases [15].

Obesity is a well-established cause of chronic
low-grade systemic inflammation. Excessive adipose
depots, especially centrally located, plays a crucial
role in promoting inflammation due to adipose tissue-
derived pro-inflammatory cytokines, chemokines, and
adipokines [16]. Although bariatric surgery promotes
reductions in circulating levels of inflammatory bio-
markers [8], little is known about the inflammatory
status of these patients with high RWR in the long
term [8, 15]. Therefore, this study aims to compare
the inflammatory status and the metabolic profile of
post-bariatric patients with high RWR with nonsurgical
patients with obesity.
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Methods
Study Design and Participants

This cross-sectional study enrolled 274 volunteers
previously subjected to bariatric surgery in private or
public health care units who were without any clinical
follow-up. Of those, 40 post-bariatric patients (bariat-
ric group), aged 46 + 8.7 years, with a body mass index
(BMI) of 41.5 + 11.0 kg/m? were eligible to partici-
pate in the study. Recruitment was performed at our
outpatient care unit at their first appointment on it.
The nonsurgical group consisted of 40 BMI-, age-, and
gender-matched controls who were already attending
the clinic and were recruited through the analysis of
their medical records. We included only patients who
underwent Roux-en-Y gastric bypass (RYGB) sur-
gery exclusively, with a mean weight loss after sur-
gery of approximately 50% of initial body weight, who
regained more than 40% of total weight loss, and who
did not undergo any other type of procedure or revi-
sional surgery. The exclusion criteria for both groups
were pregnancy, smoking, alcoholism, level of physical
activity > 150 min/week, a recent history of a major
cardiovascular event (acute myocardial infarction, or
stroke), chronic kidney disease, heart failure, periph-
eral arterial disease, chronic liver disease (except for
nonalcoholic fatty liver disease), chronic obstruc-
tive pulmonary disease, cancer, and HIV infection.
All patients had no other infectious disease and were
not using any medication with inflammatory or anti-
inflammatory effects during or previous to recruitment.
No one patient has confirmed COVID-19 infection or
had it recently. Recruitment, screening, inclusion/
exclusion visits, and data collection occurred between
November 2020 and September 2021 at an outpatient’s
care unit. During the inclusion visit, the clinical his-
tory, and physical, demographic, and anthropometric
data were collected and recorded; blood pressure and
heart rate were assessed; and also blood samples were
collected for further analysis of biochemical, meta-
bolic, and inflammatory profiles. Since these patients
belong to a cohort of patients subjected to surgery out
of our unit [17], the type of self-reported surgery was
confirmed by digestive endoscopy. Figure 1 presents
the flowchart of the enrollment, allocation, and follow-
up of participants.
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Fig. 1 Flowchart of the enroll-
ment, allocation, and follow-up

Recruitment of participants in public

outpatient’s care unit (n=274)

of participants

Enrolment

Follow-up ‘

—

Excluded (n=232)
* Sleeve gastrectomy (n=25)

Did not meet the criteria for excess of weight loss or
ratio of weight regain (n=74)
Smoking (n=1)

Alcoholism (n=2)
Physically active (n=4)

Pregnancy (n=1)

Cancer (n=1)
* Rheumatologic disease (n=1)

Did not attend the invitation (n=125)

| Eligibles to participate in the study (n=40) |

t Allocation

Analysis

Anthropometric, Blood Pressure, and Heart Rate
Assessments

An electronic scale and stadiometer (Welmy™ W300A,
Sao Paulo, SP, Brazil) were used to measure the body mass
and height. BMI was calculated accordingly. Neck, waist,
and hip circumferences were obtained using a flexible
measuring tape using standard procedures. Patients in two
consecutive medical appointments self-reported preopera-
tive weight and minimum postoperative weight. The excess
weight loss (EWL) and RWR were calculated as follows,
respectively: preoperative weight — minimum postopera-
tive weight)/(preoperative weight —ideal weight for BMI
of 25 kg/mz) X 100% [18] and current weight — minimum
weight postoperative)/(preoperative weight — minimum
weight postoperative) X 100% [19]. Blood pressure and
heart rate were measured using a semiautomated oscil-
lometric device (G-Tech™ BSP11, Hangzhou, Zhejiang,
China) following standard recommendations [20].

Biochemical and Metabolic Profile Analysis

Glycated hemoglobin type Alc (HbAlc) and plasma glu-
cose were evaluated by turbidimetric inhibition and glucose
oxidase colorimetric methods, respectively. Serum levels of
creatinine were assessed by kinetic method (Jaffé method
without deproteinization). According to the International
Federation of Clinical Chemistry method, alanine ami-
notransferase (ALT) and aspartate aminotransferase (AST)

| Surgical group (n=40) | ---------- | Non-surgical group (n=40) |

| Lost to follow-up (n=0) |

Analyzed (n=40)

I Lost to follow-up (n=0) |

Analyzed (n=40)

were assayed. Uricase enzymatic/colorimetric method deter-
mined levels of uric acid.

Serum levels of triglycerides, total cholesterol (TC), and
high-density lipoprotein cholesterol (HDL-c) were assessed by
glycerol phosphate oxidase/peroxidase, cholesterol oxidase/
peroxidase, and direct colorimetric methods, respectively.
These analyses were performed by commercially available
kits appropriate for the Automatic Analyser A25 (BioSystems,
Barcelona, Spain), according to protocols provided by the kit’s
manufacturer (BioSystems, Barcelona, Spain). Low-density
lipoprotein cholesterol (LDL-c) was calculated by the Friede-
wald equation [21].

Analysis of Inflammatory Biomarkers

Blood was harvested into serum tubes to determine lev-
els of interferon-y (INF-y), interferon gamma-induced
protein-10 (IP-10), monocyte chemoattractant protein-1
(MCP-1), tumor necrosis factor-a (TNF-a), interleukin-6
(IL-6), interleukin-1p (IL-1 B), interleukin-17 (IL-17), and
interleukin-10 (IL-10). Collection tubes were centrifuged
over 10 min at 4 °C at 1000 g. Serum was then trans-
ferred into cryotubes and stored at — 80 °C until analysis.
Serum levels of IFN-y, IP-10, and MCP-1 were evalu-
ated by Human Quantikine® Immunoassay kits (R&D
Systems, MN, USA), sensitivities: 1.28 pg/ml, 4.46 pg/
ml, and 10 pg/ml, respectively. Circulating levels of TNF-
o, IL-6, IL-1 B, IL-17, and IL-10 were assessed using
Quantikine® High Sensitivity Human Immunoassay kits
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(R&D Systems, MN, USA) with sensitivities: 0.049 pg/
ml, 0.09 pg/ml, 0.063 pg/ml, 0.051 pg/ml, and 0.17 pg/
ml, respectively. All assays were performed according
to directions provided by the kits’ manufacturer. Within-

assay coefficient of variation of all analyses was less than
10%.

Statistical Analysis

Data normality was tested by the Shapiro—Wilk test, and
results were expressed as mean + standard deviation (SD)
or median (interquartile range). Between-group differ-
ences (bariatric vs. nonsurgical groups) were compared
by unpaired Student z-test. The chi-square test compared
clinical characteristics between groups, and the results
were expressed as frequency (n, %). Pearson correlation
coefficients analyzed the associations between self-reported
information (pre and minimum post-surgery weight). All
calculations were performed by NCSS™ statistical software
(Kaysville, UT, USA), and statistical significance was set
at P<0.05.

Results

Demographic characteristics, clinical history, and bariatric
surgery data of participants are displayed in Table 1. Despite
the same BMI, a significantly lower percentage of patients
with T2DM and dyslipidemia were detected in the bariatric
group than the nonsurgical one (P <0.05). The groups were
similar regarding all variables, except for neck and waist
circumferences, significantly lower in those subjected to
bariatric surgery (P <0.04).

Table 2 exhibit the biochemical and metabolic char-
acteristics and inflammatory status of participants.
Fasting glucose, HbAlc, and triglycerides were signifi-
cantly lower in the bariatric compared to nonsurgical
group (P <0.05), while HDL-c was significantly higher
(P <0.001). No difference between groups was detected
concerning inflammatory biomarkers (P >0.10), except
for IL-6, which was significantly lower in the bariatric
group (P <0.001). Serum levels of IFN-y were detected
in only three post-bariatric patients (1.491 + 1.325 pg/
ml) and were not used in this analysis.

Table 1 Demographic

e o Variable Bariatric group (n=40) Nonsurgical group P value

cl.laracterlstlcs an.d clinical (n=40)

history of bariatric and

nonsurgical groups Demographic characteristics
Age (years) 46+9 46+12 0.43
Female (n, %) 36 (90) 33 (82.5) 0.33
Weight (kg) 106.7 +20.1 107.1+16.6 0.46
Height (cm) 163 +0.1 162+0.1 0.24
BMI (kg/m?) 415+11.0 40.7+3.8 0.33
Neck circumference (cm) 36.7+3.9*% 404+54 <0.001
Waist circumference (cm) 107.4 £ 14.2* 110.3+£23.6 0.04
Hip circumference (cm) 129.3+14.0 128.3+10.5 0.40
Systolic blood pressure (mmHg) 125.7+12.1 128.4+17.6 0.23
Diastolic blood pressure (mmHg) 79.3+9.3 79.8+10.7 0.41
Heart rate (bpm) 76+13 79+ 16 0.12

Clinical history—(n, %)
Type 2 diabetes mellitus 6 (15.0)* 19 (48.7) 0.001
Hypertension 13 (32.5) 20 (51.3) 0.09
Dyslipidemia 12 (30.0)* 20 (51.3) 0.05
Hypothyroidism 3(7.5) 3(7.7) 0.97
Nonalcoholic fatty liver disease 2(5.0) 5(12.8) 0.22
Bariatric surgery data

Preoperative weight (kg) 130.1+22.9 - -
Minimum postoperative weight (kg) 77.1+15.1 - -
Excess weight loss (%) 85.9+16.8 - -
Ratio of weight regain (%) 56.5+19.7 - -
Time since surgery (years) 10.7+4.3 - -

BMI, body mass index. *P value, unpaired Student #-test or chi-square test; results expressed as

means+ SD and (n) %
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Tablf" 2 Biochemical/metabolic Variable Bariatric group (n=40) Nonsurgical group P value

anq mﬂamrnatory prqﬁles of (n=40)

bariatric and nonsurgical groups

Biochemical and metabolic profiles
Fasting glucose (mg/dl) 96.9 +23.0% 108.5+26.2 <0.001
HbAlc (%) 5.6+£0.4% 5.8+0.6 0.03
TC (mg/dl) 192.7+47.1 195.2+42.6 0.42
LDL-c (mg/dl) 109.7 £36.7 122.9+38.9 0.11
HDL-c (mg/dl) 59.6+16.3* 489+11.6 <0.001
Triglycerides (mg/dl) 105.2+£51.8* 117.4+42.0 0.05
Uric acid (mg/dl) 3.98+1.02 439+141 0.19
Creatinine (mg/dl) 0.74+0.15 0.76 +0.21 0.34
ALT (U/ml) 20.8+9.3 240+11.3 0.16
AST (U/ml) 21.9+10.6 21.7+89 0.48
Inflammatory biomarkers

MCP-1 (pg/ml) 343.0+120.9 366.1+£121.6 0.20
IP-10 (pg/ml) 109.7£82.1 108.8 £47.2 0.74
TNF-a (pg/ml) 0.72+£0.25 0.69+0.18 0.45
IL-6 (pg/ml) 2.99+1.93* 4244234 <0.001
IL-1 B (pg/ml) 0.055+0.023 0.068 +£0.083 0.45
IL-17 (pg/ml) 0.113+0.218 0.120+£0.282 0.68
IL-10 (pg/ml) 0.709+0.109 0.763+0.181 0.10

HbAIc, glycated hemoglobin type Alc; TC, total cholesterol; LDL-c, low-density lipoprotein cholesterol;
HDL-c, high-density lipoprotein cholesterol; ALT, alanine aminotransferase; AST, aspartate aminotrans-
ferase; MCP-1, monocyte chemoattractant protein-1; /P-10, interferon gamma—induced protein 10; TNF-a,
tumor necrosis factor-alpha; /L-6, interleukin-6; IL-1 f, interleukin-1f; IL-17, interleukin-17; IL-10, inter-
leukin-10. *P value, unpaired Student r-test

Discussion

Bariatric surgery is an effective treatment for obesity. Some
of our patients subjected to this procedure are still coming
back to medical appointment with obesity. Unfortunately,
high RWR occurs in a subgroup of patients which is being
a clinical challenge for medical management. The inflam-
matory status and clinical characteristics of patients with
obesity with or without bariatric procedure are unknown. In
our study, even with obesity, post-bariatric patients showed
lower rates of T2DM and dyslipidemia than the nonsurgical
group with obesity (15 vs. 48.7% and 30 vs. 51.3%, respec-
tively). The present study noticed more favorable metabolic
health in the bariatric group than in the nonsurgical con-
trols matched for BMI, age, and gender, expressed by lower
neck and waist circumferences, fasting glucose, HbAlc, tri-
glycerides, and higher HDL-c. Additionally, we originally
observed that post-bariatric patients, even still with obesity,
had lower circulating IL-6 than BMI-matched patients with-
out any surgical intervention.

It is widely accepted that substantial weight loss could
explain the long-term durability of the metabolic benefits
obtained [22]. Previous studies demonstrated high rates of
resolution of diabetes and improvement of lipid profile with
lower TC and triglycerides, and higher HDL-c in long-term

follow-up post-surgery [23, 24]. In our study, the post-bari-
atric patients had a long time since surgery (10.7 +4.3 years)
and reached high rates of weight loss (about 85.9 + 16.8%
of EWL). We could speculate that maybe these rates of
weight loss can explain some of our findings. Accumulat-
ing evidence has shown that post-bariatric weight loss elicits
favorable endocrine responses of adipose tissue, increas-
ing adiponectin, and reducing leptin secretions, improving
health indicators [25]. Obesity is a complex disease that
involves many pathophysiological aspects altogether, favor-
ing the accumulation of energy as adipose tissue. Although
far from our desire, even after bariatric surgery, it is common
to observe weight regain [10, 17]. Approximately 10-20% of
patients regain part of their lost weight at long-term follow-
up [6]. Considering cardiovascular diseases, those cases
with higher RWR and the current BMI are associated with
increased mortality and morbidity [26, 27].

In the present study, our patients presented substantially
higher level of weight regain (ranging from 36.8 to 76.2%)
than others, which had RWR ranging from 3.9 to 38% dur-
ing the long-term follow-up (3-7 years or more) after lapa-
roscopic adjustable gastric banding, sleeve gastrectomy, or
RYGB [28-30]. As previously published, our patients were
invited to participate by advertisements [17]. They were
all without any medical follow-up before their visit to our
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public health unit. Their high RWR is possibly also related
to it. Therefore, we may speculate that the clinical results are
more likely linked to weight loss than regain.

Unexpectedly, IL-6 levels were lower in those sub-
jected to RYGB, even being all obese patients. All other
inflammatory biomarkers were similar between bariatric
and nonsurgical groups. Accumulating evidence in the
literature reinforces the direct relationship between obe-
sity and increase of pro-inflammatory response [16, 31,
32]. On the opposite of this statement, even with obesity
again, our post-bariatric patients had lower IL-6 than non-
surgical BMI-matched group. These results add data from
prior research, in which it was shown plasma levels of
IL-6 were reduced 12 months after bariatric procedures,
as RYGB and sleeve gastrectomy [33, 34], suggesting that
reductions of IL-6 levels are probably more related to
effective weight loss than obesity recidivism.

Interestingly, the waist circumference was lower in the
bariatric group, which concurs with previous studies that
showed positive correlations between IL-6 and abdominal
adiposity [32]. The IL-6 is acknowledged to have pro-
inflammatory properties and to be involved in pathogen-
esis of insulin resistance, T2DM, and atherosclerosis [35,
36]. Therefore, it seems that reduction of IL-6 levels may
be related to improvement of metabolic and cardiovascu-
lar risk, reflected by decreased fasting glucose, HbAlc,
triglycerides, and increased HDL-c.

In our study, it can be speculated that bariatric surgery
promoted a long-term sustainable improvement in meta-
bolic profile. It can also be suggested that even in post-
bariatric patients with high RWR, effective post-surgery
weight loss may prevent the augmenting of IL-6, which
is paramount to maintaining their metabolic and cardio-
vascular integrity. Further research is needed to ratify
these results.

Limitation

Although promising, our results must be viewed with
caution. Since we did not evaluate pre-surgical clinical
conditions and inflammatory status, we have limitations
on our statements herein presented. Minimal specificities
regarding differences on surgeons’ techniques must be
considered as a limitation. However, an effective EWL
was successfully achieved. Therefore, surgical failure can
be discarded. The cross-sectional design limits cause-
and-effect relationships. A healthy age-matched control
group would allow a better understanding of the status of
chronic inflammation and lack of it is another limitation.
Ideally, the clinical long-term follow-up of these patients
would lower the potential sources of bias since clinical
outcomes may be differently affected by multidisciplinary

@ Springer

approaches. Lastly, the different recruitment methods for
studied groups are also further selection bias. However,
as our medical team followed all patients for at least one
year, we believe that careful screening minimized possi-
ble interference with the outcomes studied. Therefore, it
is possible to believe that the potential abovementioned
bias due to secondary diseases or medications on inflam-
matory markers were eliminated.

Conclusion

Our results have shown that an expressive post-bariatric
weight loss, even in those patients with high ratio of
weight regain, may maintain the improved metabolic pro-
file. Probably, the inflammatory status, particularly the
observed decreased circulating levels of interleukin-6,
seemed to play an essential role in our findings. Further
studies are needed to better define the possible metabolic
protection in post-bariatric patients in the long term.
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