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Abstract
Background Obesity and metabolic surgery is known to improve chronic inflammatory status. Whether improvement is related
to anatomical changes or weight loss is still to debate.
Objective The aim of this clinical trial is to compare the different bariatric procedures sleeve gastrectomy (SG), Roux-en-Y
gastric bypass (RYGB), and One-anastomosis gastric bypass (OAGB), pertaining to their effects on inflammation markers.
Methods Patients who underwent SG, RYGB, or OAGB as a primary treatment for severe obesity were included. The data
collected preoperatively (T0) and 1, 3, and 6 (T6) months after surgery included gender, weight, comorbidities and toxic habits at
baseline, body mass index (BMI), waist circumference, total body weight loss in % (TBWL), leukocyte count in × 103/μl, C-
reactive protein (CRP) in mg/l, HbA1c in %, aspartate transaminase in U/l, alanine transaminase in U/l, gamma-
glutamyltransferase in U/l, bilirubin in mg/dl, cholesterol in mg/dl, and triglycerides in mg/dl.
Results Four hundred sixty-eight patients were included. Drop-out rate was 25.8% at T6. Preoperatively the mean value of
leukocytes and CRP was 7.4 × 103/μl ± 2 and 10.5 mg/l ± 8.1. At T6, mean value of leukocytes and CRP was 7.1 × 103/μl ± 1.9
(p = 0.075) and 7.2 mg/l ± 9.5 (p < 0.001). TBWL% at T6 was 24.2 ± 7.6 in the SG, 25.8 ± 5.9 in the RYGB and 25.5 ± 4.6 in the
OAGB group. Comparing SG, RYGB, and OAGB in relation to leukocyte count and CRP no significant difference was seen
between the groups.
Conclusion CRP but not leukocyte count decreased after all three bariatric procedures but without any significance between the
three groups. Surgically induced weight loss and not anatomical changes might play an important role for improvement in
chronic inflammation.
Trial Registration The National Clinical Trials number was NCT02697695 (https://clinicaltrials.gov/ct2/show/NCT02697695).
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SG Sleeve gastrectomy
RYGB Roux-en-Y gastric bypass
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WC Waist circumference
EWL Excess weight loss
TBWL Total body weight loss
CRP C-reactive protein
ICAM-1 Intercellular adhesion molecules
RNA Ribonucleic acid
NF-κB Nuclear transcription factor kappa B
TNF-α Tumor necrosis factor-α
IL-1 Interleukin-1
IL-6 interleukin-6
BDNF Brain-derived neurotrophic factor
T2DM Type 2 diabetes mellitus
CD14 Cluster of differentiation 14
VLCD Very low-calorie diet
SD Standard deviation
NASH Non-alcoholic statosis hepatitis
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AST Aspartate transaminase
ALT Alanine transaminase
GGT Gamma-glutamyltransferase
OSAS Obstructive sleep apnea

Introduction

The inflammatory state that accompanies adiposity and the
metabolic syndrome is often called Blow-grade^ chronic in-
flammation or Bmetaflammation,^ meaning metabolically
triggered inflammation [1], or Bparainflammation^ as a term
to define an intermediate state between basal and inflamma-
tory states [2].

This chronic inflammation, due to oxidative stress and en-
doplasmic reticulum stress in adipocytes, leads to macrophage
infiltration, abnormal cytokine production, and increased
acute-phase reactants [3]. The secretory activity of adipose
tissue activates immune signaling pathways; interrupts the
tissue homeostasis especially in liver, brain, pancreas, and
adipose tissue; and is responsible for the pathogenesis of met-
abolic syndrome [4, 5].

Different secretory cells include adipokines and inflamma-
tory cytokines and gene expression of the majority of the
adipokines is upregulated by obesity [5]. Obese subjects have
a higher activity of nuclear transcription factor kappa B
(NF-κB) and a higher ribonucleic acid (RNA) expression of
proinflammatory cytokines (tumor necrosis factor-α
(TNF-α), interleukin-1 (IL-1), interleukin-6 (IL-6)) [3, 6], as
well as higher chemokine expression on the surface [7].

Recent studies have been confirming the positive associa-
tion between obesity indices and inflammatorymarkers, main-
ly C-reactive protein (CRP) in women [8, 9], but also other
inflammatory markers such as calprotectin [10], complement
factors C3 and C4, and white blood cell count are elevated
[11] .

CRP is an inflammatory and metabolic syndrome parame-
ter [12]. Elevation of CRP predicts the development of type 2
diabetes mellitus (T2DM) [13] and a recent study identified
CRP as a marker to detect the risk of coronary heart disease in
metabolically healthy persons with abdominal obesity. Van
Wijk et al. concluded that the risk of coronary heart disease
among metabolically healthy obese persons with CRP levels
< 2 mg/l was comparable to that of metabolically healthy non-
obese persons [14].

Obesity and metabolic surgery improves insulin resistance,
T2DM, and cardiovascular disease [15–17]. A crucial role
might be the reduction of chronic inflammation. Surgically
induced weight loss is known to improve inflammatory status
and inflammatory mediators normalize in morbidly obese pa-
tients after gastric restrictive surgery [11, 18, 19].

Furthermore, Roux-en-Y gastric bypass (RYGB) was de-
scribed as an immune restorative procedure, after which

elevated levels of eosinophils, monocyte cluster of differenti-
ation 14 (CD 14), and monocyte CD14+/CD16+ subsets re-
versed rapidly with surgically induced weight loss [20].
Metabolic syndrome markers such as intercellular adhesion
molecules (ICAM-1) increase and adiponectin decrease after
RYGB, which further decrease the degree of endothelial dys-
function. CRP, which seems to be a key ICAM-1 regulator is
positively correlated with ICAM-1. However, the authors an-
nounce that changes vary with the amount of weight loss and
the type of bariatric procedure performed [12]. Park et al.
showed a statistically significant reduction in CRP level in
43 patients, who underwent sleeve gastrctomy (SG) and
RYGB with reduction in CRP being an independent factor
affecting the improvement in urine albumin-to-creatinine ratio
in those patients [21].

Pontiroli et al. found out in 126 morbidly obese patients
undergoing laparoscopic gastric banding, that most metabolic
abnormalities are associated with visceral fat and that their
improvements after weight loss are associated with decrease
of visceral fat [22].

Obesity and metabolic surgery, related to the loss of viscer-
al fat, reduces low-grade inflammation (CRP, IL-6) and oxi-
dative stress and beneficially changes the levels of several
adipokines, suggesting potential reductions in risk for
T2DM and cardiovascular disease [23]. Bypassing the duode-
num has also a weight-independent anti-diabetes action with
remission of insulin resistance and T2DM [24]. Whether ex-
clusion of the duodenum plays also a role in improvement of
chronic inflammation status has to be declared.

Furthermore, the different impact of SG and RYGB on the
liver in patients with T2DM and an improvement of non-
alcoholic-steatosis hepatitis (NASH) can cause amelioration
of inflammation status [25].

On the other hand, also intermittent fasting is known to
have an impact on inflammatory markers, including CRP,
TNF-α, adiponectin, leptin, and brain-derived neurotrophic
factor (BDNF) [26].

Whether the anatomical changes after different bariatric
procedures or weight loss, or food restriction plays a crucial
role in improvement of inflammatory status has not yet been
investigated. Due to the fact that the interface between the
adipose tissue, the liver, and the hematopoietic system might
play an important part in the development of metabolic dis-
eases, the aim of this clinical trial is to compare the three
different bariatric procedures SG, RYGB, and One-
anastomosis gastric bypass (OAGB) pertaining to their effects
on clinical markers of inflammation postoperative.

Methods

We performed a retrospective analysis of prospectively col-
lected data of patients undergoing laparoscopic sleeve
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gastrectomy (SG), laparoscopic Roux-en-Y gastric bypass
(RYGB), or laparoscopic One-anastomosis gastric bypass
(OAGB) as the first surgical treatment for severe obesity.
From October 2014 to October 2015, 468 patients underwent
SG (n = 241), RYGB (n = 159), or OAGB (n = 68) at Sana
Klinikum Offenbach, which is certified as a center of excel-
lence for obesity and metabolic surgery by the European
Accreditation Council for Bariatric Surgery. The eligibility
criteria were a body mass index (BMI) ≥ 35 kg/m2 and at least
one metabolic disease or a BMI ≥ 40 kg/m2, male and female
patients aged 18–65 years. The exclusion criterion was acute
inflammation during laboratory examination, such as cutane-
ous, urogenital or pulmonary infection, inflamed joint disease,
or influenza referred by the patient. Data collection included
the following: gender, age, height in cm, weight in kg, BMI in
kg/m2, waist circumference in cm, and excess weight loss
(EWL) in % with the calculation of ideal body weight as the
equivalent to a BMI of 25 kg/m2 and total body weight loss
(TBWL) in %. Laboratory measurements included leukocyte
count × 103/μl, C-reactive protein (CRP) in mg/l, HbA1c in
%, aspartate transaminase (AST) in U/l, alanine transaminase
(ALT) in U/l, gamma-glutamyltransferase (GGT) in U/l, bili-
rubin in mg/dl, cholesterol in mg/dl, and triglycerides in mg/
dl. Patient’s data was recorded 1 day preoperatively (T0),
1 month (T1), 3 months (T3), and 6 months (T6) after surgery.

The laboratory measurements during FU (T1, T3, T6) were
performed by the general practitioner of the patients with a
distance of ± 2 weeks from FU. Only patients with full labo-
ratory examination were included in the FU. While not every
general practitioner performs laboratory measurements, miss-
ing data are inevitable in these patients.

Patients data, including comorbidities and toxic status,
were collected during admission, 1 day before surgery. The
cut-off for HbA1c was < 6.5%, as defined by the American
Diabetes Association in 2017 [27].

The surgical techniques for SG, RYGB, and OAGB have
been described previously [28]. Routine laboratory measure-
ments were done using automated chemical analyses at our
center.

Primary outcome measure was the changing of chronic
inflammation in terms of C-reactive protein in mg/l and leu-
kocytes in /nl. Secondary outcomemeasures were weight loss,
expressed in EWL and TBWL, changing of HbA1c, liver
enzymes (AST, ALT, GGT, bilirubin), and changing of lipids
(cholesterol and triglycerides).

Statistical analysis was performed using the SPSS 25.0
statistical software for Microsoft Windows (SPSS Inc.,
Chicago, IL, USA). All variables were checked for normal
distribution. Data were analyzed in subgroups according to
(1) gender; (2) bariatric procedures SG, RYGB, OAGB; (3)
weight loss; (4) loss of waist circumference; (5) BMI; (6)
HbA1c; (7) liver enzymes (AST, ALT, GGT, bilirubin); and
(8) dyslipidemia (cholesterol, triglycerides). Continuous

variables, when normally distributed, were reported as mean,
standard deviation (SD), and range. A delta (Δ) value was
calculated to reflect postoperative change (Δ value = postop-
erative value − baseline value).

Paired t tests were used to compare pre- and post-surgery
data (difference over time) and a repeated measures analysis
of variance and post hoc Bonferroni test were used to test for
significant differences. Intergroup differences were tested by a
two-sample t test for normally distributed data. For compari-
sons among the groups, a multivariate analysis was performed
(two-factor analysis of variance for continuous variables). In
the two-factor analysis of variance, the repeated-measure fac-
tor was time (T0 and T6), while the dependent quantitative
variable was (1) gender; (2) bariatric procedures SG, RYGB,
OAGB; (3) weight loss (median split); (4) loss of waist cir-
cumference (median split); (5) BMI; and (6) HbA1c (split <
6.5%). The interaction effect was calculated for each group.
Intergroup differences were tested by a two-sample t test for
normally distributed and aMann-WhitneyU test and Kruskal-
Wallis test for non-normally distributed data. Spearman’s rank
correlation coefficients were calculated to correlate the differ-
ent groups. A p value < 0.05 was considered to be statistically
significant.

The study was conducted in accordance with the principles
of the Declaration of Helsinki. Ethical permission was obtain-
ed from the local ethics committee (Landesärztekammer
Hessen, Germany, reference number FF 145/2015), and all
participants provided written informed consent for data shar-
ing. The National Clinical Trials number was NCT02697695
(https://clinicaltrials.gov/ct2/show/NCT02697695).

Results

Baseline Characteristics

From October 2014 to October 2015, a total of 468 patients
underwent SG (n = 241, 51.5%, BMI 53.2 ± 9.1 kg/m2),
RYGB (n = 159, 34%, %, BMI 45.3 ± 5.9 kg/m2), or OAGB
(n = 68, 14.5%, BMI 49.0 ± 7.2 kg/m2) as a primary treatment
for severe obesity. The mean age of the participants was 43.7
± 10.3 years, and 68% (n = 318) of the participants were wom-
en. The baseline demographic data and the comorbidities with
the toxic habit smoking prior to surgery are listed in Tables 1
and 2.

Weight, Body Mass Index, and TBWL%

At baseline, there was a statistically significant difference be-
tween the three groups regarding body weight (Table 3). The
highest body weight was in the SG group (155.8 kg ± 33.3),
followed by the OAGB group (143.9 kg ± 26.7) and the
RYGB group (128.1 kg ± 21.4). Comparing the different
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bariatric procedures, no statistical difference was seen in rela-
tion to TBWL% at T6 with 24.2 ± 7.6 in the SG group, 25.8 ±
5.9 in the RYGB group and 25.5 ± 4.6 in the OAGB group
(SG vs. RYGB p = 0.124; SG vs. OAGB p = 0.509; RYGB vs.
OAGB p = 0.848).

Follow-Up and Drop-Out Rates

Drop-out rates were 12.2% (n = 411/468) at T1, 25.6% (n =
270/363) at T3, and 25.8% (n = 193/260) at T6 due to missed
follow-up, missed laboratory examination, or acute inflamma-
tion during laboratory examination. Drop-out rate was highest

in the OAGB group, followed by SG and RYGB. Drop-out
rates of this study were quite high, due to missed laboratory
examination. In Germany, only few general practitioners per-
form laboratory examination during FU, since up to date, it is
not reimbursed from the insurance.

Leukocyte Count and CRP in the whole Group

Preoperatively, the mean leukocyte count was 7.4 × 103/μl ± 2
and at 6 months (T6) post-surgery, mean leukocyte dropped to
7.1 × 103/μl ± 1.9 (range 3.2–12) (T0 vs. T6 p = 0.075).
Preoperatively the mean value of CRP was 10.5 mg/l ± 8.1

Table 1 Baseline demographic
data: all patients (n = 468) Standard value Mean SD Minimum Maximum

Weight [kg] – 144.9 31.7 82.5 287

Waist circumference [cm] ♀/♂ ≤ 88/102 143.1 19.2 101 208

BMI [kg/m2] 18.5–24.9 50.1 9 35 95

Leukocytes [103/μl] 3.7–10.1 7.4 2.04 2.3 15.1

CRP [mg/l] < 5 10.5 8.4 4 99

AST [U/l] < 35 35.5 16.6 10 119

ALT [U/l] < 35 46 33.6 11 447

GGT [U/l] < 40 39.5 35.2 5 408

Bilirubin [mg/dl] < 1 0.6 0.3 0.1 2.6

Triglyceride [mg/dl] < 200 137.6 69.1 45 589

Cholesterol [mg/dl] < 220 184.1 36.8 99 300

HbA1c [%] ≤ 6 6 1.2 4.6 11.6

HbA1c < 6.5 [%] 5.5 0.4 4.6 6.4

HbA1c ≥ 6.5 [%] 7.8 1.2 6.5 11.6

Values are reported as mean ± SD

BMI body mass index, CRP C-reactive protein, AST aspartate transaminase, ALT alanine transaminase, GGT
gamma-glutamyltransferase, SD standard deviation

Table 2 Comorbidities prior to
surgery by procedure All cases SG RYGB OAGB

Total no. of T2D patients 135/468 51/241 49/159 35/68

(28.8%) (21.2%) (30.8%) (51.5%)

Total no. of hypertensive patients 248/468 126/241 78/159 44/68

(52.99%) (52.3%) (49.1%) (64.7%)

Total no. of patients with hypercholesterolemia 187/468 96/241 58/159 33/68

(40%) (39.8%) (36.5%) (48.5%)

Total no. of patients with hypertriglyceridemia 73/468 42/241 13/159 18/68

(15.6%) (17.4%) (8.2%) (26.5%)

Total no. of patients with OSAS 48/468 30/241 10/159 8/68

(10.3%) (12.4%) (6.3%) (11.8%)

Total no. of patients who smoked prior to surgery 93/468 64/241 18/159 11/68

(19.9%) (26.6%) (11.3%) (16.2%)

Values are reported as mean ± SD

No. numbers, SG: sleeve gastrectomy, RYGB Roux-en-Y gastric bypass, OAGB one-anastomosis gastric bypass,
T2DM type 2 diabetes mellitus, OSAS obstructive sleep apnea
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Table 3 Demographic data in different surgical groups: SG, RYGB and OAGB

SG RYGB OAGB P-values

Numbers T0 241 159 68

T1 208 138 61

T3 121 109 40

T6 87 88 18

SG vs. RYGB SG vs. OAGB RYGB vs. OAGB

Weight [kg] T0 155.8 ± 33.3 128.1 ± 21.4 143.9 ± 26.7 p < 0.001 p = 0.008 p = 0.001

[87.6–287.0] [82.5–185.5] [85.0–201.7]

T1 140.7 ± 26.7 117.1 ± 19.6 131.9 ± 24.6

[92.7–254.8] [72.2–167.0] [73.1–185.1]

T3 130.4 ± 28.3 109.1 ± 19.4 120.8 ± 20.3

[75.0–248.6] [70.5–170.0] [64.5–168.5]

T6 119.4 ± 29.3* 98.5 ± 16.3* 109.1 ± 17.7* p < 0.001 p = 0.297 p = 0.286

[76.9–285.0] [67.3–82.0] [62.5–136.3]

Waist circumference
[cm]

T0 148.6 ± 19.7 134.3 ± 16.0 144.2 ± 15.8 p < 0.001 p = 0.230 p = 0.001

[103.0–208.0] [102.5–195.0] [101.0–173.0]

T1 139.6 ± 17.3 126.8 ± 12.8 133.7 ± 17.1

[102.0–199.0] [101.5–160.0] [89.0–167.0]

T3 130.6 ± 18.8 118.1 ± 13.9 124.1 ± 14.8

[86.0–185.0] [88.0–150.0] [85.0–145.0]

T6 122.2 ± 16.1* 109.9 ± 11.2* 113.9 ± 12.4* p < 0.001 p = 0.099 p = 0.9671

[86.0–160.8] [82.0–135.0] [86.0–131.0]

BMI [kg/m2] T0 53.2 ± 9.1 45.3 ± 5.9 49.0 ± 7.2 p < 0.001 p < 0.001 p = 0.004

[35.8–83.2] [35.9–64.5] [35.5–65.1]

T1 48.5 ± 7.5 42.4 ± 9.1 44.9 ± 6.8

[32.9–73.0] [26.4–126.0] [27.5–58.1]

T3 44.5 ± 7.8 38.2 ± 5.4 41.1 ± 6.4

[27.9–64.7] [27.5–51.1] [24.2–52.0]

T6 41.2 ± 8.1* 34.9 ± 5.0* 36.6 ± 5.3* p < 0.001 p = 0.042 p = 1

[27.6–74.0] [24.9–46.8] [23.7–44.1]

EWL [%] T0 – – –

T1 16.8 ± 11.2 20.5 ± 7.3 20.4 ± 6.9

[−97.1–37.6] [5.3–62.4] [2.8–45.8]

T3 32.0 ± 10.7 37.3 ± 14.9 37.6 ± 10.8

[−9.0–60.2] [−70.7–70.0] [22.4–78.8]

T6 46.1 ± 16.3 54.9 ± 14.4 54.1 ± 15.0 p < 0.001 p = 0.069 p = 0.8404

[−28.7–79.1] [28.0–92.9] [32.0–86.5]

TBWL [%] T0 – – –

T1 8.9 ± 5.5 9.4 ± 2.5 10.0 ± 2.6

[−44.7–21.7] [2.6–15.9] [1.7–16.3]

T3 16.7 ± 4.8 17.2 ± 6.3 18.5 ± 3.3

[−3.7–29.2] [−32.0–26.9] [11.7–25.0]

T6 24.2 ± 7.6 25.8 ± 5.9 25.5 ± 4.6 p = 0.124 p = 0.509 p = 0.848

[−15.5–41.2] [13.7–43.3] [16.5–32.6]

Values are reported asmean ± SD.Mean weight in kg, waist circumference in cm, bodymass Index (BMI) in kg/m2 , excess weight loss (EWL) in%, and
total body weight loss (TBWL) in % at T0 (preoperative), T1 (1 month postoperative), T3 (3 months postoperative), and T6 (6 months postoperative).
One-way analysis of variance for comparisons among the SG, RYGB, and OAGB groups. Repeated measures one-way analysis of variance and post hoc
Bonferroni test for differences among groups in preoperative (T0) and postoperative (T6). *p < 0.001, repeated measures one-way analysis of variance
and post hoc Bonferroni test

SG sleeve gastrectomy, RYGB Roux-en-Y gastric bypass, OAGB one-anastomosis gastric bypass
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and decreased to 7.2 mg/l ± 9.5 after 6 months (T6) post-
surgery (T0 vs. T6 p < 0.001) (Fig. 1).

In males, mean CRP was 11 mg/l ± 10.5 at T0 (n = 150)
and 8 mg/l ± 14.8 at T6 (n = 56; T0 vs. T6 p = 0.107). Mean
CRP in women was 10.3 mg/l ± 6.6 at T0 (n = 318) and
6.8 mg/l ± 5.8 at T6 (n = 137; T0 vs. T6 p < 0.001). No statis-
tical significant interaction was found regarding gender (p =
0.134) in the two-factor analysis of variance.

Leukocyte Count and CRP across the three different
groups: SG, RYGB, OAGB

All surgical procedures resulted in a significant decrease in
CRP at T6 compared to baseline values (SG p = 0.002,
RYGB p < 0.001, OAGB p = 0.028) (Fig. 2). In contrast, no
statistically significant decrease in leukocyte count compared
to baseline was found (SG p = 0.053, RYGB p = 1.00, OAGB
p = 0.338) (Fig. 3).

Comparing the different surgical treatment groups at
6 months (T6), no statistically significant difference was seen

regarding leukocyte count and CRP in the two-factor analysis
of variance (Table 4, Figs. 2 and 3).

Leukocyte Count and CRP in relation to BMI

Mean preoperative BMI of the 468 patients was 50.1 kg/m2 ±
9 (range 35.5–95). For further interpretations, the study group
was divided into three groups according to BMI (group 1:
class I and II obesity, group 2: class III obesity and super
obesity, and group 3: super-super obese patients, BMI >
60 kg/m2). The cut-off for these weight groups were based
on the guidelines of the American Society for Bariatric
Surgery, which subdivided obesity in patients having a BMI
of 40–50 kg/m2 as morbidly obese, a BMI of 50–60 kg/m2 as
super obese, and a BMI > 60 kg/m2 as super-super obese [29].

Group 1 included patients with a BMI < 40 kg/m2 (n = 48,
10.3%), group 2 patients with a BMI 40–60 kg/m2 (n = 364,
77.8%), and group 3 patients with a BMI > 60 kg/m2 (n = 56,
12%).

Mean EWL % in group 1 was 71.5 ± 15.0, 50.1 ± 14.3 in
group 2, and 35.8 ± 14.7 in group 3. Mean TBWL% in group
1 was 24.9 ± 4.5, 25.2 ± 6.6 in group 2, and 23.0 ± 9.3 in
group 3 (Tables 5 and 6).

No correlation was found between BMI and leukocyte
count at baseline (rho = 0.047) and 6 months post-surgery
(rho = 0.097). There was no statistically significant interaction
in the reduction of leukocyte count between the three groups
in the two-factor analysis of variance (p = 0.727).

Aweak correlation was found between CRP and BMI at
baseline (rho = 0.222) and at 6 months post-surgery (rho =
0.289). There was no statistically significant interaction in
the reduction of CRP between the three groups in the two-
factor analysis of variance (p = 0.971) (Table 6).

Between CRP and EWL, a weak correlation was found at
T6 (rho = − 0.229) and correlation raised with increasing BMI
(rho = − 0.500 in BMI > 60 kg/m2), (Tables 5 and 6, Fig. 4).

Fig. 1 Leukocyte count and C-reactive protein (CRP): all patients.
Legend: Leukocyte count (×103/μl) and C-reactive protein (CRP; mg/l)
at baseline (T0), 1 month (T1), 3 months (T3), and 6 months (T6) post-
surgery. Results are presented as mean ± SD

Fig. 2 C-reactive protein (CRP) in SG, RYGB, and OAGB. Legend: C-
reactive protein (CRP; mg/l) at baseline (T0) and at 1 month (T1),
3 months (T3), and 6 months (T6) post-surgery. Results are presented
as mean ± SD

Fig. 3 Leukocyte count (× 103/μl) in SG, RYGB, and OAGB. Legend:
Leukocyte count (× 103/μl) at baseline (T0) and at 1month (T1), 3months
(T3), and 6months (T6) post-surgery. Results are presented as mean ± SD
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Table 4 Leukocyte count, C-reactive protein (CRP), HbA1c, liver enzymes (AST, ALT, GGT, bilirubin), and lipids (cholesterol, triglycerides) in
different surgical groups: sleeve gastrectomy (SG), Roux-en-Y gastric bypass (RYGB), and one-anastomosis gastric bypass (OAGB)

SG RYGB OAGB p values

Numbers T0 241 159 68
T1 208 138 61
T3 121 109 40
T6 87 88 18

Leukocytes [× 103/μl] T0 7.6 ± 2.1
[2.7–15.1]

7.3 ± 1.9
[2.3–15]

7.6 ± 1.9
[4.1–14.2]

p = 1 p = 1 p = 1

T1 6.5 ± 2.4
[2.7–16]

6.6 ± 1.6
[3.3–10.4]

6.9 ± 2
[3.7–11.9]

T3 6.9 ± 2
[2.8–14]

6.7 ± 1.8
[3.5–11]

7 ± 1.4
[5.6–9.5]

T6 7.1 ± 2.2
[3.2–12]

7.3 ± 1
[3.4–10.3]

7.1 ± 1.7
[5.2–10.4]

p = 0.486 p = 0.949 p = 0.732

CRP [mg/l] T0 11.7 ± 9.2
[4–99]

8.6 ± 5.4
[5–40]

10.6 ± 8.1
[5–39]

p = 0.006 p = 1 p = 0.237

T1 12.6 ± 15.8
[0.5–76]

7.4 ± 6.8
[1–34]

8.1 ± 10.5
[2–44]

T3 7 ± 5.5
[0.4–23]

6.2 ± 4.9
[1–20]

7.1 ± 4.1
[5–16]

T6 8.3 ± 12.1*
[1–68.5]

5 ± 2.8*
[1–14]

6 ± 2.7
[4–9]

p = 0.358 p = 1 p = 1

HbA1c [%] T0 5.9 ± 1.0
[4.6–10.2]

5.9 ± 1.0
[4.6–9.9]

6.7 ± 1.6
[4.6–11.6]

p = p = p =

T1 5.5 ± 0.7
[4.1–7.2]

5.7 ± 1.1
[4.5–9.3]

6.3 ± 1.2
[4.9–8.1]

T3 5.7 ± 0.8
[4.5–8.3]

5.4 ± 0.5
[4.6–6.5]

5.8 ± 1.2
[4.6–7.6]

T6 5.5 ± 0.5
[4.7–7.0]

5.5 ± 0.9
[4.6–8.1]

5.5 ± 0.7
[4.8–6.5]

p = p = p =

HbA1c < 6.5 [%] T0 5.5 ± 0.4
[4.6–6.4]

5.5 ± 0.4
[4.6–6.4]

5.6 ± 0.4
[4.6–6.4]

p = p = p = 0.237

T1 5.3 ± 0.5
[4.1–6.3]

5.3 ± 0.3
[4.6–6.1]

5.2 ± 0.4
[4.9–5.6]

T3 5.4 ± 0.5
[4.5–7.1]

5.2 ± 0.4
[4.6–5.8]

5.0 ± 0.3
[4.6–5.4]

T6 5.4 ± 0.4
[4.7–6.3]

5.1 ± 0.4
[4.6–6.1]

5. ± 0.2
[4.8–5.1]

p = p = p = 1

HbA1c ≥ 6.5 [%] T0 7.7 ± 1.1
[6.5–10.2]

7.6 ± 0.9
[6.5–9.9]

8.3 ± 1.5
[6.6–11.6]

p = p = p = 0.237

T1 6.4 ± 0.8
[5.5–7.2]

7.1 ± 1.5
[4.5–9.3]

7.0 ± 1.0
[5.6–8.1]

T3 6.9 ± 0.9
[5.7–8.3]

5.9 ± 0.5
[5.1–6.5]

6.6 ± 0.84
[5.3–7.6]

T6 5.7 ± 0.7
[5.2–7.0]

6.7 ± 1.2
[5.0–8.1]

6.2 ± 0.4
[5.9–6.5]

p = p = p = 1

AST [U/l] T0 35.8 ± 16.0
[13.0–119.0]

33.4 ± 15.6
[10.0–112.0]

38.8± 20.7
[13.0–109.0]

p = 0.006 p = 1 p = 0.237

T1 33.7 ± 20.1
[17.0–116.0]

31.1 ± 11.1
[16.0–69.0]

34.9± 13.2
[17.0–57.0]

T3 26.2 ± 12.2
[13.0–89.0]

23.3 ± 6.3
[15.0–40.0]

27.3 ± 12.3
[14.0–53.0]

T6 20.8 ± 6.3
[9.0–46.0]

22.4 ± 5.7
[13.0–42.0]

30.2 ± 18.7
[17.0–66.0]

p = 0.358 p = 1 p = 1

ALT [U/l] T0 46.4 ± 29.4
[12.0–196.0]

44.4 ± 41.7
[11.0–447.0]

48.2 ± 27.1
[11.0–126.0]

p = 0.006 p = 1 p = 0.237

T1 46.2 ± 31.7
[11.0–387.0]

42.8 ± 24.2
[14.4–113.0]

49.3 ± 26.6
[13.0–95.0]

T3 29.7 ± 27.7
[10.0–211.0]

28.5 ± 10.6
[12.0–55.0]

33.1 ± 21.2
[11.0–83.0]

T6 21.2 ± 11
[8.0–72.0]

24.7 ± 10.9
[10.0–55.0]

36.0 ± 23.4
[14.0–79.0]

p = 0.358 p = 1 p = 1

GGT [U/l] T0 46.4 ± 29.4
[12.0–196.0]

44.4 ± 41.7
[11.0–447.0]

48.2 ± 27.1
[11.0–126.0]

T1 46.2 ± 31.7
[11.0–387.0]

42.8 ± 24.2
[14.4–113.0]

49.3 ± 26.6
[13.0–95.0]
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The study group showed negative correlation coeffi-
cients of EWL and CRP with an increasing rho in group
2 (BMI 40–60 kg/m2, rho = − 0.194) and group 3 (BMI >
60 kg/m2, rho = − 0.500). Group 3 showed the lowest

EWL of 35.8% with the highest CRP difference (T0–T6)
ΔCRP 5.3 mg/l (BMI < 40 kg/m2: ΔCRP = 2.2 mg/l; BMI
40–60 kg/m2: ΔCRP = 3.3 mg/l).

Table 4 (continued)

SG RYGB OAGB p values

T3 29.7 ± 27.7
[10.0–211.0]

28.5 ± 10.6
[12.0–55.0]

33.1 ± 21.2
[11.0–83.0]

T6 21.2 ± 11
[8.0–72.0]

24.7 ± 10.9
[10.0–55.0]

36.0 ± 23.4
[14.0–79.0]

Bilirubin [mg/l] T0 0.5 ± 0.3
[0.1–1.5]

0.5 ± 0.3
[0.2–2.6]

0.6 ± 0.3
[0.2–1.6]

T1 0.6 ± 0.2
[0.3–1.5]

0.5 ± 0.2
[0.2–1.2]

0.6 ± 0.2
[0.3–1.0]

T3 0.6 ± 0.3
[0.2–1.4]

0.6 ± 0.2
[0.2–1.3]

0.5 ± 0.2
[0.2–0.8]

T6 0.6 ± 0.2
[0.2–1.2]

0.6 ± 0.2
[0.3–1.4]

0.8 ± 0.2
[0.5–1.1]

Triglyceride [mg/dl] T0 133.6 ± 63.6
[45.0–524.0]

132.7 ± 64.0
[46.0–511.0]

163.5 ± 93.0
[64.0–589.0]

T1 122.5 ± 41.4
[43.0–241.0]

106.3 ± 29.3
[58.0–171.0]

132.2 ± 61.4
[69.0–254.0]

T3 132.0 ± 47.8
[79.0–258.0]

105.5 ± 28.6
[44.0–205.0]

168.3 ± 53.1
[107.0–262.0]

T6 121.6 ± 48.9
[60.0–265.0]

94.8 ± 31.6
[41.0–190.0]

97.5 ± 25.9
[53.0–123.0]

Cholesterol [mg/dl] T0 182.0 ± 37.6
[107.0–300.0]

187.4 ± 36.4
[99.0–275.0]

183.8 ± 33.4
[117.0–277.0]

T1 172.1 ± 42.5
[116.0–269.0]

159.2 ± 31.7
[91.0–240.0]

139.2 ± 30.2
[80.0–189.0]

T3 193.2 ± 39.8
[125.0–285.0]

165.2 ± 26.7
[109.0–221.0]

169.1 ± 58.1
[102.0–253.0]

T6 200.7 ± 42.7
[111.0–300.0]

169.3 ± 35.7
[81.0–229.0]

131.1 ± 30.9
[89.0–181.0]

Leukocyte count (× 103 /μl), C-reactive protein (CRP; mg/l), HbA1c, liver enzymes (AST: aspartate transaminase, ALT: alanine transaminase,
GGT: gamma-glutamyltransferase), and lipids. Values are reported as mean ± standard deviation and range. T0 (preoperative), T1 (1 month
postoperative), T3 (3 months postoperative), and T6 (6 months postoperative). One-way analysis of variance for comparisons among the SG,
RYGB, and OAGB groups. Repeated measures one-way analysis of variance and post hoc Bonferroni test for differences among groups in
preoperative (T0) and postoperative (T6). *p < 0.01, repeated measures one-way analysis of variance and post hoc Bonferroni test

Table 5 EWL % and TBWL % in different BMI groups

BMI kg/m2 Group 1:
< 40

Group 2:
40–60

Group 3:
> 60

p values

Group 1 vs. 2 Group 1 vs. 3 Group 2 vs. 3

EWL [%] T1 28.1 ± 10.2
[11.0–62.4]

17.5 ± 10.3
[−97.1–36.5]

18.3 ± 5.6
88.3–33.5]

T3 50.4 ± 11.3
[29.7–78.8]

34.0 ± 12.0
[−70.7–62.4]

27.9 ± 7.8
[10.8–49.2]

T6 71.5 ± 15.0
[36.4–92.9]

50.1 ± 14.3
[−28.7–90.6]

35.8 ± 14.7
[1.1–69.3]

p < 0.001 p < 0.001 p < 0.001

TBWL [%] T1 9.5 ± 2.5
[3.8–14.7]

8.9 ± 4.5
[−44.7–16.3]

11.8 ± 3.6
[5.3–21.7]

T3 17.6 ± 3.8
[9.8–24.1]

17.0 ± 5.5
[−32.0–26.9]

17.9 ± 4.9
[6.7–29.2]

T6 24.9 ± 4.5
[13.7–31.9]

25.2 ± 6.6
[−15.5–43.3]

23.0 ± 9.3
[0.7–41.2]

p = 0.789 p = 0.268 p = 0.077

Values are reported as mean ± SD. Excess weight loss (EWL) in% and total bodyweight loss (TBWL) in% at T1 (1month postoperative), T3 (3 months
postoperative), and T6 (6 months postoperative). One-way analysis of variance for comparisons among group 1, group 2, and group 3
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Leukocyte Count and CRP in relation to DM2
and HbA1c

Mean preoperative HbA1c of the 468 patients was 5.9% ± 1
(range 4.6–10.2). For further interpretations, the study group
was divided into two groups according to the American
Diabetes Association. The cut-off for HbA1c was < 6.5%.
One hundred thirty-five of 468 patients (28.8%) had a known
DM2 prior to surgery with injectable or oral hypoglycemic
treatment. According to the laboratory examination, 342 pa-
tients had a HbA1c < 6.5% and 126 had a HbA1c ≥ 6.5%.
Preoperatively the mean value of the sub-cohort with
HbA1c ≥ 6.5% was 7.7 ± 1.1 (range 6.5–10.2), which de-
creased to 5.7 mg/l ± 0.7 (range 5.2–7.0) after 6 months
(T6) post-surgery (T0 vs. T6 p < 0.001). This sub-cohort
(n = 126) had a leukocyte value of 7.9 × 103/μl ± 2.1 (range
2.3–15) and a CRP of 12.8 mg/l ± 8.7 (range 5–41), while the
sub-cohort of patients with a HbA1c < 6.5% had a leukocyte
value of 7.3 × 103/μl ± 2 (range 2.7–15.1) and a CRP of

9.8 mg/l ± 7.8 (range 4–99) (leukocytes group 1 vs. group 2
p < 0.0047; CRP group 1 vs. group 2 p = 0.004).

Liver Enzymes

Liver enzymes, such as AST, ALT, and GGT decreased in all
surgical groups 6 months after surgery, with a lesser linear
decline in the OAGB group. Bilirubin was stable in all groups.

Multivariate Analysis

In the multivariate analysis for leukocytes, no statistical sig-
nificant interaction was found regarding (1) gender (p =
0.621), (2) bariatric procedures (p = 0.4161), (3) loss of waist
circumference (p = 0.710), (4) BMI (p = 0.727), and (5)
HbA1c ≥ 6.5% (p = 0.234). A significant interaction was
found regarding weight loss (p = 0.012).

In the multivariate analysis for CRP, no statistical signifi-
cant interaction was found regarding (1) gender (p = 0.134),

Table 6 Leukocyte count and C-reactive protein (CRP) in different BMI groups at T0 and T6

BMI kg/m2 Group 1:
< 40

Group 2:
40–60

Group 3:
> 60

p values

Group 1 vs. 2 Group 1 vs. 3 Group 2 vs. 3

Leukocytes [× 103/μl] T0 7.4 ± 2.1
[4.2–15.1]

7.6 ± 3.7
[2.3–66.3]

7.6 ± 2.1
[2.7–15]

p = 0.714 p = 0.629 p = 1

T6 7.4 ± 1.7
[5.6–10.3]

7.2 ± 2
[3.2–12]

6.2 ± 1.9
[4.2–9.9]

p = 0.563 p = 0.006 p = 0.005

CRP [mg/l] T0 7.8 ± 4.8
[5–30]

10.3 ± 8.1
[4–99]

14.5 ± 8.7
[5–38]

p = 0.037 p < 0.001 p < 0.001

T6 5.7 ± 1.2
[5–7]

7 ± 9.9
[1–68.5]

9.3 ± 8.3
[4–26]

p = 0.426 p = 0.011 p = 0.184

Leukocyte count (× 103 /μl) and C-reactive protein (CRP; mg/l). Values are reported as mean ± SD and range. One-way analysis of variance for
comparisons among group 1, group 2, and group 3

BMI body mass index

Fig. 4 C-reactive protein (CRP)
in different BMI groups. Legend:
C-reactive protein (CRP; mg/l) at
baseline (T0) and 6 months (T6)
post-surgery. Results are
presented as mean ± SD

3036 OBES SURG (2018) 28:3028–3040



(2) bariatric procedures (p = 0.201), (3) weight loss (p =
0.814), (4) loss of waist circumference (p = 0.527), and (5)
BMI (p = 0.971). A statistical interaction was found regarding
HbA1c (p = 0.0238).

Discussion

The modulation of CRP varies with the amount of weight
loss and the type of bariatric procedure performed [30].
Nutrient sensing and immune signaling are strongly linked
and chronic metabolic inflammation plays a key role in the
development of metabolic syndrome. The inflammatory
status interferes with glucose metabolism and induces insu-
lin resistance [31]. Amelioration of inflammatory status is
described in the literature both after purely restrictive sur-
gery such as adjustable gastric banding [11, 19] and meta-
bolic surgery such as RYGB [20].

Obesity and metabolic surgery powerfully improves
T2DM [32] as well as other weight-related diseases [33].

A certain gradient of efficiency among the surgical inter-
ventions has been reported in several trials in terms of ame-
lioration of glycemic control [34]. Malabsorptive
biliopancreatic diversion has been shown to be the most effi-
cient operation in terms of T2DM remission rate (but the most
radical in terms of potentially severe side effects) followed by
RYGB, SG, and gastric banding [35]. The underlying patho-
physiological mechanisms are still insufficiently understood,
and whether a gradient of efficiency of different bariatric pro-
cedures is also found in amelioration of inflammatory status
still remains unclear.

The aim of this study therefore was to reveal the impact of
different bariatric interventions (SG, RYGB, and OAGB) on
inflammatory status and, further, to examine whether the dif-
ferent anatomical changes or rather amount of weight loss is
responsible for the amelioration in clinical inflammation
markers, such as leukocyte count and CRP.

Patients examined in the present trial showed the typical
profile seen in bariatric populations with elevated baseline
CRP, decreasing after bariatric surgery. A mean CRP of
10.5 mg/l (normal range < 5 mg/l) is quite similar to other
studies: Hanusch-Enserer et al. observed a significant decrease
of CRP after gastric banding with a mean CRP of 12 mg/l at
baseline and 8.5 mg/l 6 months post-surgery [11]. Afshar et al.
presented a CRP of 5.5 mg/l in 22 patients, decreasing to
1.6 mg/l 6 months after RYGB [36] and Netto et al. reported
of 41 patients, whose CRP decreased from 21.36 mg/l to
2.4 mg/l (p < 0.01) 6 months after RYGB [12].

In the present study, CRP showed a positive correlation
with increasing BMI while leukocyte count did not correlate
with BMI. These findings are in line with a trial carried out by
Ilàn-Gòmez et al. who found a moderate correlation between
CRP and BMI in 60 obese women 1 year after RYGB (r =

0.40) [37]. Furthermore, CRP showed a positive correlation
with HbA1c ≥ 6.5%. While inflammatory status is associated
with glucose metabolism and insulin resistance [31, 38], a
continued reduction of CRP in the obese diabetic patients
might be strongly associated with the amelioration of
T2DM. Moreover, Yadav et al. showed a continued reduction
of resistin and TNF-α in the obese diabetic group up to
12 months after RYGB and concluded that this may explain
the reduction in HOMA-IR [39].

Our study group showed normal leukocyte counts in the
preoperative and postoperative setting without any statistically
significant reduction pre- vs. postoperatively or across the
different surgical groups SG, RYGB, and OAGB.

However, in a study cohort of 477 patients, Dixon et al.
demonstrated a statistically significant decrease in leukocyte
count from 7.30 × 103/μl ± 1.78 to 6.27 × 103/μl ± 1.69 (p <
0.001) 2 years after adjustable gastric banding [40]. The dif-
ference in observation time might explain these contrasting
findings.

Interestingly, Thorand et al. performed a cross-sectional
analysis among 641 men and 597 women and showed that
measures of both total and visceral adiposity were highly cor-
related with markers of systemic inflammation (CRP, serum
amyloid A, fibrinogen, IL-6) in both genders. In a multivari-
able linear regression analysis, a considerably higher percent-
age of variability in inflammatory markers was explained by
body composition in women compared to men. Furthermore,
in women, fat mass in % explained the highest percentage of
the variability of circulating acute-phase proteins, whereas in
men, waist hip ratio explained the highest percentage of the
variability [41].

In our study, we found sex differences in reduction in CRP
after 6 months: only in women, a statistically significant re-
duction of the chronic inflammatory marker CRP was found.
Growing evidence has shown that estrogen interacts with
many of the inflammatory pathways and the potent anti-
inflammatory effect of estrogen might explain these findings
[42].

While decrease in CRP after bariatric surgery could be
demonstrated in several trials, the underlying cause (lower
nutritional intake, weight loss, anatomical changes) has not
been elucidated so far. In the present study, CRP decreased
significantly in all three surgical groups SG, RYGB, and
OAGB, but no significant difference was seen between the
groups. This is in line with other trials: Fenske et al. investi-
gated a total of 34 morbidly obese patients 1 and 12 months
after RYGB (n = 10), laparoscopic adjustable gastric banding
(n = 13), and SG (n = 11) for serum cytokine levels of macro-
phage migration inhibitory factor, monocyte chemotactic pro-
tein-1, and chemokine ligand-18. At 12 months after surgery,
the patients in all three treatment arms showed a significant
decrease in serum inflammatory markers (all p < 0.001) and
there were no differences across the intervention groups in
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terms of gender, BMI, and obesity-related comorbidities. The
study group concluded that these effects appear to be indepen-
dent of the surgical procedure [43] and thus underline our
study results.

Ianelli et al. compared the incidence of low-grade systemic
inflammation in 12 patients undergoing RYGB and 10 pa-
tients undergoing SG. At 6 months after surgery, there was
no significant difference in any of the parameters investigated.
One year after surgery, patients in the RYGB group had sig-
nificantly lower plasma levels of C-reactive protein compared
to SG. (2.3 mg/l ± 1.5 vs. 5.1 mg/l ± 4.6; p < 0.05) [44].
However, the small sample size might not reflect a high num-
ber of participants and results must be interpreted carefully.

Lips et al. investigated systemic inflammation in age- and
BMI-matched morbidly obese T2DMwomen who underwent
RYGB or very low-calorie diets (VLCD). Systemic inflam-
mation was assessed 1 month before and 3 months after
RYGB (n = 15) or VLCD (n = 12). An age-matched group
of lean women (n = 12) was studied as a control group.
RYGB and VLCD had differential effects on the activation
status of peripheral leukocytes and levels of cytokines in
obese women with T2DM, despite comparable weight loss
3 months after the intervention. VLCD seemed to have more
favorable effects on the inflammatory profile as compared to
RYGB [45]. It is well-known that chronic nutrient excess is a
key underlying mechanism in the pathogenesis of metabolic
disease [6, 11] and novel studies underline the importance of
dietary restriction and its impact on metabolic and cellular
changes. It is known that dietary restriction affects oxidative
damage and inflammation, optimizes energy metabolism, and
enhances cellular protection [46].

Our study results confirm that decrease in CRP is more
likely linked to nutrient restriction and weight loss than to
anatomical changes. Moreover, it seems that in patients with
a higher BMI, less EWL is necessary to reduce CRP. Our
study group showed negative correlation coefficients of
EWL and CRP with an increasing rho in group 2 (BMI 40–
60 kg/m2) and group 3 (BMI > 60 kg/m2). Group 3 showed
the lowest EWL of 35.8% with the highest CRP difference
(T0–T6).

Since prevalence of obesity is increasing rapidly, prioriti-
zation systems for obese patients are getting more popular.
Sharma et al. developed the Edmonton Obesity Score
System [47] to offer clinicians a useful approach for identify-
ing obese individuals at elevated risk who may benefit from
more attention to obesity and metabolic surgery. In our study
group, patients with a BMI > 60 kg/m2 had the highest basal
CRP and CRP-difference (T0-T6), and we approve the
Obesity Surgery Score by Perez et al. in which BMI > 60
reflects a high degree of obesity severity [48].

The importance of inflammation as a central and reversible
mechanism through which obesity promotes cancer risk and
progression is another current point of discussion and shows

the clinical relevance for improvement of chronic inflamma-
tion. Iyengar et al. concluded in their article that metabolic
syndrome, including dyslipidemia and insulin resistance, oc-
curs in the setting of adipose inflammation and operates in
concert with local mechanisms to sustain the inflamed micro-
environment and promote tumor growth. Importantly, adipose
inflammation and its protumor consequences can be found in
some individuals who are not considered to be obese or over-
weight by BMI. They concluded that adipose inflammation is
a reversible process and represents a novel therapeutic target
that warrants further studies to break the obesity-cancer link
[49]. A recent study by Afshar et al. could prove that RYGB in
obese adults led to a decrease in rectal crypt cell proliferation
and reduced systemic and mucosal markers of inflammation.
The authors concluded that surgically induced weight loss
might therefore lower colorectal cancer risk [36].

A reduction in chronic inflammation not only reduces can-
cer risk but also decreases the risk of cardiovascular disease.
The remission or improvement of T2DM is one of the most
important effects of metabolic surgery. Our study results dem-
onstrate that there is a significant interaction between the re-
duction of CRP and the improvement of HbA1c. In clinical
practice, patients with an elevated CRP, reflecting the chronic
inflammation, should be prioritized for obesity and metabolic
surgery and chronic inflammation should count as a weight-
related disease [33].

Our study has some limitations. First, only leukocyte count
and CRP were measured as parameters for chronic inflamma-
tion. The measurement of, for example, TNF-α, IL-1, and IL-
6 and granulocyte macrophage colony-stimulating factor
could have brought some more detailed results. On the other
hand, leukocyte count and CRP represent the standard chem-
ical analyses, which are evaluated beyond clinical research in
most everyday clinical practice.

Second, the study design was retrospective and due to lo-
gistic changes CRP and leukocyte count were not evaluated in
all patients, the drop-out rate at T6 was quite high with 25.8%.

Third, follow-up of 6 months could be too short to analyze
further aspects of the amelioration of chronic inflammation.
Since the effect of time since surgery is mostly noticed in the
first 6 months, we strictly assume that this time period is short-
term but meaningful [39].

Nevertheless, future prospective studies are needed to eval-
uate whether fasting, caloric restriction, or surgically induced
weight loss has the best impact on chronic inflammation.

Conclusion

CRP but not leukocyte count decreased after all three bariatric
procedures but without any significant difference between the
three groups. HbA1c ≥ 6.5%was associated significantly with
a higher CRP prior to surgery. Women showed a significant
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decrease in CRP at 6 months, and also CRP of super-super
obese (BMI > 60 kg/m2) improved more significantly
6 months after surgery compared to obese patients (BMI <
40 kg/m2).

For that, it seems that the surgically induced weight loss
and not the post-surgery anatomical changes might play the
crucial role of improvement in chronic inflammation.
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