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Introduction: Adipose tissues synthesize and secrete various proinflammatory and anti-
inflammatory mediators, termed cytokines. This work aims to assess different serum and
urinary cytokine levels before and 12 months after laparoscopic sleeve gastrectomy (LSG).
Patients: This prospective study was performed on 61 obese non-diabetic patients who
underwent LSG. All patients were followed up postoperatively at 12 months with the
assessment of arterial blood pressure, microalbuminuria, urinary and serum levels of inflam-
matory cytokines (macrophage migration inhibitory factor “MIF,” monocyte chemotactic
protein “MCP”-1, chemokine (C-C motif) ligand 15 (CCL-15), and CCL-18), in addition to
serum creatinine, total cholesterol, and C-reactive protein (CRP).

Results: Mean BMI showed decreased substantially from 44.78 + 3.59 Kg/m? to 34.56 +
2.45. Systolic blood pressure decreased from 147.03 + 16.89 mmHg to 128.82 + 12.52 and
diastolic blood pressure decreased from 90.51 £+ 12.71 mmHg to 79.69 + 10.39. At one-year
of follow-up, there was statistically significant decrease of mean serum creatinine, total
cholesterol, CRP, CCL-15, CCL-18, MIF/creatinine ratio, MCP-1/creatinine ratio, CCL-15/
creatinine ratio, and CCL-18/creatinine ratio (P value <0.001).

Conclusion: Improvement of systemic and renal inflammatory states after LSG may
positively affect obesity-related renal disease by steering the adipokine levels towards anti-
inflammatory profiles.
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Introduction

Obesity represents a chronic low-grade inflammatory status that is mainly caused
by an increase and inflammation of adipocytes. Adipose tissues synthesize and
secrete various serum and urinary cytokines.'

Cytokines are glycoproteins defined as immunomodulating agents specifically in
host immune responses to infection, inflammation, sepsis, cancer, and reproduction.
Cytokines are produced by a broad range of cells, including immune cells as well as
endothelial cells, fibroblasts, adipocytes, and various stromal cells. Cytokines
include chemokines, interferons, interleukins, lymphokines, and tumor necrosis
factors.””

Obesity is associated with multiple pathophysiologic disorders that may predis-
pose to renal injury.* Different adipose tissue-related serum and urinary cytokines
have an intimate relation with renal and metabolic dysfunctions.”® Of these inflam-

matory cytokines, the most significant were the urinary and serum values of
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macrophage migration inhibitory factor (MIF),® monocyte
chemotactic protein (MCP)-1,” chemokine (C-C motif)
ligand 15 (CCL-15), and® chemokine (C-C motif) ligand
18 (CCL-18).%7

These cytokines are involved in the pathogenesis of
obesity-related renal dysfunction that is termed obesity-
related glomerulopathy (ORG). This expression points to
the secondary form of focal segmental glomerulosclerosis.
Proteinuria is considered the clinical landmark of obesity-
related renal dysfunction, however ORG can be demon-
strated at lower levels of proteinuria.*

Lifestyle changes have a limited role in severely obese
patients.®” Bariatric operations are a well-recognized strat-
egy for weight control among morbidly obese cases whose
body mass index (BMI) exceeds 40 kg/m” or whose BMI
exceeds 35kg/m® with concomitant metabolic comorbid-
ities such as elevated blood pressure or dyslipidemia.'®!'!

Laparoscopic sleeve gastrectomy (LSG) has been an
attractive, efficient, and well-established surgical strategy
in morbidly obese patients for obtaining long-term weight
control with an improvement of associated metabolic dis-
orders over the short and intermediate terms.'?

From the renal perspective, bariatric surgery can have
beneficial effects regarding albuminuria/proteinuria, ORG,
and arterial blood pressure.'> A previous study showed the
beneficial short-term impact of weight-loss operations on
elevated blood pressure and kidney injury at 30 days
postoperatively.'*

We assumed that LSG-associated weight reduction can
lead to amelioration of renal and systemic inflammatory
states.

The present work aims to assess the values of different
serum and urinary cytokines, microalbuminuria, glomeru-
lar filtration rate (GFR), and arterial blood pressure pre
and twelve months post LSG in a cohort of obese cases.

Patients and Methods
The current prospective work included 61 obese non-
diabetic cases for whom LSG was performed. Patients
were enrolled from June 2015 to July 2018.

The study was approved by the ethical committee of
0027/May 2015).
(Reviewer 1) The work was performed in accordance

Cairo University Hospitals (no:
with the rules of the declaration of Helsinki. All cases
gave written informed consent before enrollment.

Cases that were eligible for study participation
included motivated obese subjects whose BMI exceeded
40 Kg/m® or 35 Kg/m® with associated comorbidities,

cases intending to adhere to regular monitoring, those in
whom adequate non-surgical interventions did not succeed
to attain satisfactory weight control, ranging from 18 to 60
years, and ultimately cases with no endocrine reasons for
obesity.

Patients were precluded from enrollment if they have
severe comorbidities hindering anesthesia, not intending to
modify their lifestyle postoperatively, have psychological
problems, those who underwent metabolic surgery, gesta-
tion, or lactation at enrollment for the study.

Notably, diabetic cases were excluded from the study.
The exclusion was made according to American Diabetes
Association criteria (those with glycated hemoglobin
“HbA1C” > 6.5% or fasting blood sugar > 126 mg/dL or
two-hour plasma glucose > 200 mg/dL after an oral glu-
cose tolerance testing).

Moreover, those who did not complete the follow-up
interval were excluded from the study.

Patients were selected for the operation after multi-
disciplinary evaluation, including different specialties
surgery, anesthesia, and

such as internal medicine,

nutrition.

Surgical Procedure

The operation was done by the same experienced team.
A sleeve was tailored around a 36F bougie 3—4 cm from
the pylorus and reaching to the angle of His. The entire
staple line was strengthened using continuous ligatures
and examined for leakage by upper endoscopy. The gastric
portion was retracted through the 15-mm trocar situated at
the right upper abdomen. A suction drain was put in all
cases and taken out five days postoperatively.

Case Evaluation

All cases were enrolled before the operation and reas-
sessed postoperatively at one year. Patients were evaluated
by a dedicated physician and filled a survey prepared to
gather different important information such as age, sex,
BMI, previous relevant history, associated comorbidities,
current and past medications. All relevant data were regis-
tered during cases’ follows ups with the assistance of
a specialized nurse. The serum samples were taken at 9
am after overnight fasting, centrifuged, isolated within 60
minutes of sampling, and then kept at —80 °C until assay.

Blood Pressure
Arterial blood pressure was assessed just before operation
and twelve months afterwards by the same physician
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employing a Spot Vital Signs® device (model 42MTB-E1-
M; Welch Allyn, Aston Abbotts, UK). Assessment of
blood pressure was done after the patient had relaxed in
a quiet room hall for a half-hour. Three evaluations were
performed, and their average was registered. Cuff circum-
ferences were selected depending on the patient arm size.
All measurements were done pre sampling and compared
to blood pressure measurements recorded at past follow-
ups to evaluate variations.

Cure of hypertension was considered if the patient pressure
decreased to lower than 140/90 mmHg without medications,
while cure of obstructive sleep apnea and gastroesophageal
reflux disease (GERD) was considered if the symptoms sub-
jectively disappeared at the end of the study period.

Blood and Urine Sample Testing
Blood and urine samples were taken before the operation
and 12 months afterwards. Midstream urine sample was
put into sterilized tubes. Samples were centrifuged at
1600g for 10 min at 4°C, and the supernatant was kept at
—80°C till subsequent assay. Biochemical (albumin and
creatinine) and microbiological testing were done on
urine samples. Serum samples were forwarded for bio-
chemical testing (serum cystatin C, creatinine, albumin,
total cholesterol, and C-reactive protein “CRP”).
Estimated GFR (eGFR) was determined employing the
Chronic Kidney Disease Epidemiology Collaboration
(CKD-EPI) formula. Urinary cytokine values were mea-
sured as a proportion to the urinary creatinine value.
Concentrations of MIF, MCP-1, CCL-15, and CCL-18
were evaluated by enzyme-linked immunosorbent assay
(ELISA) based on the manufacturer’s directives (R&D
Systems, Minneapolis, Minnesota, USA).

Statistical Analysis

Data were registered using the statistical package SPSS
version 25. They were presented as mean, standard devia-
tion, minimum and maximum for quantitative data and
frequencies (number of cases), and relative frequencies
(percentages) for categorical data. Comparisons between
quantitative variables were performed using unpaired #-test
while comparisons between pre and post-surgery were
made applying paired #-test. For comparison between cate-
gorical variables, Chi-square test was used. Exact test was
employed instead if the anticipated frequency is lower than
5. Correlations between quantitative data were made using
Pearson correlation coefficient. P values lower than 0.05
were viewed as statistically significant.

Results

At first, ninety-two patients underwent baseline blood and
urine samples. Thirty-one cases did not repeat blood and/or
urine samples after the twelve months. Finally, the present
study included 61 patients who completed the study period,
of whom 36 were males. The age of the enrolled cases
ranged from 34 to 60 years with a mean (SD) 47.13 (6.43).

At the start of the study, there were 35 cases with
chronic obstructive pulmonary disease, 8 cases with cor-
onary artery disease, and 14 cases with a smoking history.

Thirty-five patients were hypertensive. Twenty were on
single anti-hypertensive medication, nine were on two
medications, and six were on three medications. Thirty
patients were on angiotensin-converting enzyme inhibitors
or angiotensin receptor blockers, eleven were on beta-
blockers, nine were on calcium channel blockers, and six
were on thiazides.

Mean weight decreased from 128.25 (10.47) at base-
line to 99.28 (9.83) Kg after 12 months. Similarly, the
initial mean BMI decreased from 44.78 (3.59) to 34.56
(2.45) Kg/m?.

Thirty-five patients were hypertensive at baseline; the
number decreased to 19 after 12 months (P value 0.004).
Furthermore, thirty-five patients had obstructive sleep
apnea at baseline, yet the number dropped to 12 after
study completion (P value 0.001). Twenty-eight patients
had GERD at baseline, and only 12 had GERD after 12
months (P value 0.004).

The mean systolic blood pressure (SBP) decreased
from 147.03 (16.89) to 128.82 (12.52) mmHg after
one year. Also, the mean diastolic blood pressure (DBP)
decreased from 90.51 (12.71) to 79.69 (10.39) mmHg.

The mean HbA1C decreased from 5.72 (0.45) to 5.26
(0.42) % at the end of the study.

There was a statistically significant decrease of mean
serum levels of creatinine, total cholesterol, CRP, CCL-18,
and CCL-15 at twelve months postoperatively with
a concomitant increase in eGFR (P value <0.001).

Simultaneously, there were no significant changes in
cystatin C, MCP-1, and MIF after the same follow-up
period.

Table 1 summarizes mean serum laboratory investiga-
tions at baseline and after 12 months.

Regarding urinary cytokines, there was a highly signifi-
cant decrease of mean MIF/creatinine ratio, MCP-1/creati-
nine ratio, CCL-18/creatinine ratio, and CCL-15/creatinine
ratio after twelve months of follow-up (P value <0.001).
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Table | Serum Laboratory Investigations at Baseline and After 12 Months
Preoperative After 12 Months P value
Mean SD Mean SD
Serum albumin (gm/dl) 4.04 0.23 4.06 0.20 0.151
Serum creatinine (umol/l) 71.30 4.47 69.33 5.57 <0.001%**
Serum total cholesterol (mmol/l) 6.37 1.01 5.24 0.96 <0.001**
CRP (mg/l) 19.69 4.32 15.11 4.59 <0.001**
Serum cystatin C (mg/l) 1.14 0.08 .14 0.06 0.877
MCP-1 (pg/mL) 304.88 24.59 307.84 29.56 0.119
MIF (pg/mL) 146.66 19.65 143.62 19.18 0.186
CCL-18 (pg/mL) 88.48 20.50 53.74 16.74 < 0.001**
CCL-15 (pg/mL) 50.92 11.05 47.02 11.95 < 0.001**

Note: **P value < 0.001 highly significant.

Abbreviations: CRP, C-reactive protein; MCP-|, monocyte chemoattractant protein-|; MIF, macrophage migration inhibitory factor; CCL-18, chemokine (C-C motif) ligand

18; CCL-15, chemokine (C-C motif) ligand 15.

Also, there was a notable decrease in microalbuminuria
at the end of the study (P value 0.012).

Table 2 summarizes urinary laboratory investigations at
baseline and after twelve months.

Discussion
Obesity is a complex chronic disease that has multifactor-
ial aspects. Adipose tissue, the dominant character of
obesity, is now identified as an active organ that has
a paramount role in chronic inflammatory status.'”
Inflammation is thought to have an essential role in the
progression of chronic kidney disease (CKD). CKD
patients usually have high circulating levels of inflamma-
tory cytokines. So this category of patients commonly

demonstrates a proinflammatory status since their early
stages, which, in turn, can result in the progression of
their renal disease.'®

Besides, high levels of serum and urinary inflammatory
cytokines accelerated renal inflammation and kidney
injury in mice.'”'®

The current work demonstrated that LSG resulted in
a significant improvement in markers of renal inflamma-
tion. These conclusions add to the scarcely available lit-
erature on the impact of weight reduction in ameliorating
the renal adipokine profile in obese non-diabetic cases.

To comprehend the worth of these conclusions, they
have to be understood within the physiological and patho-

logical roles of these cytokines.

Table 2 Urinary Laboratory Investigations at Baseline and After 12 Months

Preoperative After 12 Months P value
Mean SD Mean SD
Albumin/creatinine ratio (mg per mmol Cr) 1.39 0.20 1.33 0.21 0.012*
MIF/creatinine ratio (ng per mmol creatinine) 291.59 25.03 121.72 36.14 < 0.001**
MCP-|/creatinine ratio (ng per mmol creatinine) 23.69 2.05 15.43 2.47 < 0.001**
CCL-18/creatinine ratio (ng per mmol creatinine) 79.95 11.68 43.75 12.88 < 0.001**
CCL-15/creatinine ratio (ng per mmol creatinine) 155.52 22.68 144.69 20.20 < 0.001**

Notes: *P value < 0.05 significant, **P value < 0.001 highly significant.

Abbreviations: MCP-1, monocyte chemoattractant protein-I; MIF, macrophage migration inhibitory factor; CCL-18, Chemokine (C-C motif) ligand 18; CCL-15,

chemokine (C-C motif) ligand 15.
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CRP, an acute-phase reactant, is mainly synthesized in
the liver.'” CRP enhances the inflammatory status result-
ing in pronounced systemic inflammation.”® CRP levels
are linked to circulating levels of other inflammatory
cytokines,m microalbuminuria, and albuminuria.??

CCL18 is a chemokine highly expressed in the lung
and in antigen-presenting cells such as M2 macrophages
and dendritic cells, which can act as a chemoattractant for
both lymphocytes and immature dendritic cells.”?

CCL18 has been shown to have a role in chronic
inflammatory conditions like atopic dermatitis, asthma,
and arthritis. The accurate impact of CCL18 on pro and
anti-inflammatory mechanisms still
described.”*

CCL-15, a cloned chemokine, is synthesized primarily

to be precisely

in the hepatocytes and intestinal epithelium. Moreover,
this chemokine is inducible in macrophages. It plays
a vital role as a chemoattractant to different cell types as
monocytes/macrophages, T cells, and neutrophils. Besides,
this chemokine possesses antibacterial and angiogenic
effects.”

It was demonstrated that MCP-1-induced kidney
damage is weakened by MCP-1 receptor knockout,
decreasing glomerular fibrosis in a paradigm of unilateral
ureteric blockage.?® MIF is a pleiotropic adipokine that has
a role in different conditions related to immunity and
systemic inflammation. It is synthesized mainly by fat
cells, glomerular and tubular cells, and triggered immuno-
cytes, such as monocytes and macrophages.'*

A previous study suggested that MIF was pathogenic in
acute kidney injury (AKI) mouse model in MIF wild-type
and MIF knockout mice and the plasma and urinary MIF
levels correlated with the progression and regression of
AKL*

The present work revealed a substantial improvement
in serum CRP, CCL-18, and CCL-15, in addition to urin-
ary levels of CCL-18, CCL-15, MCP-1, MIF. This result
agrees with the result obtained by Rojano-Rodriguez and
colleagues, who demonstrated a significant decrease in
CRP at six months after metabolic surgery.*®

A previous study demonstrated decreased levels of
urinary cytokines as well as serum CCL-18, with no
changes in serum levels of MIF, CCL-15, and MCP-1
(Yet, in our analysis, there was a significant change in
CCL-15 in contrast to this study).'*

The development of albuminuria or proteinuria is an
early clinical stigma of renal injury.”’ Both albuminuria

and proteinuria may antedate a decline in renal function by
many years.>°

After weight reduction, especially after metabolic sur-
gery, microalbuminuria and proteinuria usually signifi-
cantly decrease, and this decrease is independent of the
decrease in mean arterial blood pressure.

In agreement with these data, our analysis showed
a significant reduction of albumin/creatinine ratio post
LSG. We think that these changes may have a role in the
potential protective impact of weight-reduction associated
LSG on CKD. Moreover, the benefit of LSG is that the
weight reduction is kept for a long time compared to
weight-loss achieved by lifestyle changes alone.

The impact of metabolic surgery on kidney functions is
not well characterized.*? Bariatric operations can prohibit
kidney function deterioration by improving GFR in obese
patients.® The present research exhibited a considerable
amelioration in GFR after weight-loss surgery. This coin-
cides with recent research that showed a notable resolution
of the GFR in morbidly obese patients after LSG.>*

Cystatin C is a substitutional method to evaluate the
alterations in the GFR as it is not influenced by the lean
body mass or weight reduction,*® however, dispute encir-
cles serum cystatin C as a decisive method of measuring
kidney function in cases with near-normal function.>

Our analysis showed no significant changes in the
serum level of cystatin C one year after LSG. We think
that more extensive studies for more prolonged periods are
needed to confirm and elucidate these results.

It is worth mentioning that the current study has some
limitations. First, this work did not study whether the
ameliorated inflammatory condition foreruns the decrease
in arterial blood pressure or whether the improved blood
pressure foreruns the ameliorated inflammatory condition.
Second, the present work has a relatively short period of
follow-up. In addition, removing patients who did not
complete one-year follow-up may have introduced
a selection bias, favoring patients who do return for fol-
low-up (and therefore may have better weight loss and
resolution of comorbidities)

Further future studies, preferably sufficiently sized
controlled studies, should be performed to unify the fol-
low-up period and technique of bariatric surgery.

In conclusion, the influence of improvement of sys-
temic and renal inflammatory states after LSG may posi-
tively affect the obesity-related renal disease by steering
the adipokine levels towards anti-inflammatory profiles.
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Novelty of Study

To our knowledge, this is the first prospective work

addressing urinary cytokines in obese non-diabetic patients

after LSG, and according to our understanding, this may

be one of the most extensive studies within this field.

Diabetes can distinctly result in kidney damage, and this

is the cause we excluded this category of patients as this

may be a strong confounding factor. Therefore, highlight-

ing this research field might be considered an original,

valuable aspect of the present study.
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All authors declare no conflicts of interest for this work.
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