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Purpose: This study aimed to assess the potential changes of Growth differentiation factor
15 (GDF15) after laparoscopic sleeve gastrectomy (LSG) in morbidly obese patients.
Methods: We conducted a prospective study on 68 patients who underwent LSG and 58
cases, who were enrolled as a control group, to whom conservative measures of weight loss
were adopted. Both groups were followed for 12 months.

Results: At the baseline, the serum GDF15 was comparable between LSG and conservative
groups (409.93£119 versus 385.8+120.2 pg/mL, p =0.246). However, at 12 months after the
operation, the serum GDF15 was significantly higher in the LSG than conservative groups
(699.941 +£193.5 versus 559 +£159.7; p <0.001). The degree of serum GDF15 increase was
higher in the LSG group (290.01 £189.9 versus 173.14 £116.7; p <0.001). The degree of
serum GDF15 increase correlated negatively with the final BMI (r = —0.352, p =0.001) and
weight loss (r = —0.793, p =0.001) at 12 months after the operation. The correlation analysis
demonstrated that the initial GFD15 did not correlate with any baseline parameters. Multiple
regression analysis of change in serum GDF15 showed a statistical significance of the weight
loss after 12 months.

Conclusion: The present work confirms the impact of successful weight loss on the
circulating level of GDF15. Our study demonstrated that the circulating GDF15 increased
significantly after LSG and it was correlated to the degree of weight loss.

Keywords: bariatric surgery, laparoscopic sleeve gastrectomy, growth differentiation factor
15, appetite

Introduction
Morbid obesity is associated with a high risk of metabolic disorder and cardiovas-
cular disease mortality and morbidity.' > Due to poor outcomes of pharmacological
and non-pharmacological approaches to morbid obesity, physicians have applied
surgical procedures, which demonstrate incredibly high efficacy in severe, morbidly
obese patients.* Bariatric procedures induce significant weight loss with several
changes in the mechanisms of homeostatic, including glucose and lipid home-
ostasis, and enhance the hormone regulation system.® Anatomic alterations in the
gastrointestinal tract can induce changes in gut hormones, bile acids, adipokines,
inflammatory cytokines, hepatokines, and gut microbiota. Bariatric operations
decrease pro-inflammatory molecules and enhance anti-inflammatory molecules.®
In the recent years, bariatric procedures played as gastrointestinal metabolic
surgery has been viewed as a new strategy for obesity-associated type 2 diabetes
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mellitus (T2DM) for cases with BMI >35 kg/m?.
Published data have shown that bariatric/metabolic surgery
is an efficient and durable management option for obese
T2DM subjects.”

Laparoscopic sleeve gastrectomy (LSG) is one of the
most common restrictive bariatric surgery procedures,
with more than 20% reduction in the original size of
the stomach.® For its simplicity, positive results and
low complication rates, this technique is widely pre-
ferred. Some clinical trials for morbid obesity treatment
have demonstrated better long-term survival after LSG
than conventional care.”'” Besides, it results in rapid and
independent weight loss, T2DM remission and cardio-
vascular death reduction.'"'> LSG can improve glucose
homeostasis in obese cases with T2DM through various
mechanisms including the adipose tissue metalloprotei-
nases 2, —7, and —9 independent pathways.'’> Other
mechanisms for improvement include amelioration of
insulin resistance (due to a substantial decrease in calorie
intake, and decrease in fat mass) and postoperative ele-
vated levels of gut hormones, such as glucagon-like
peptide-1 that enhance cell response to nutrients.'*

Growth differentiation factor (GDF-15), also called
macrophage inhibitory cytokine-1 (MIC-1), is a novel
inflammatory biomarker. It is considered one of the diver-
gent TGF-beta family members. GDF-15 is induced in hepa-
tocytes by surgical and chemical injury and heat shock.'>'®

In healthy individuals, this marker circulates in the
plasma with a detectable concentration, which elevates sig-
nificantly in cancer patients.'”'® GDF15 has a significant
role in the cases of cancer-related weight loss, as it induces
fat and lean body mass loss.'” Moreover, it has been used as
a prognostic biomarker to predict the mortality in patients
with cardiovascular disease.’’ Kempf et al and Vila et al
reported that GDF15 is a promising predictor for impaired
glucose control and future insulin resistance in morbidly
obese patients.’’*> However, the exact mechanism of
GDF15 in obesity or the potential changes after bariatric
surgeries is still unknown. Therefore, this study aimed to
assess the potential changes of GDF15 after LSG in mor-
bidly obese patients.

Materials and Methods

Study Design

We conducted a prospective study on 68 patients who
underwent LSG and 58 cases, who were enrolled as
a control group, to whom conservative measures of weight

loss were adopted. Both patients and controls were
recruited from the period March 2016 to May 2018. All
patients gave written informed consents. The responsible
local Ethical Committee of Cairo University Hospitals
approved this study. This study was conducted in accor-
dance with the Declaration of Helsinki.

Inclusion and Exclusion Criteria

We enrolled only adult patients (18—65 years) who were
underwent LSG and were willing to participate in this
study. There were no gender restrictions. Patients with
serious cardiac conditions, severe coagulopathy, untreated
eating disorders, inability to fulfill the nutritional require-
ments, pregnancy, or unwillingness to participate in the
study have been ruled out.

Laparoscopic Sleeve Gastrectomy

Procedure

In all cases, we applied the standard LSG procedure. The
procedure was conducted through four trocar-port (5 mm,
5 mm, 10 mm, 12 mm). After inserting trocars, we used
a Ligasure to split the greater omentum from the stomach.
The first linear stapler was then fired at the beginning of
a 4 cm from the gastroduodenal junction (Ethicon Echelon
Flex Powered Endopath 60 mm). Until the completion of
the LSG, we inserted a gastric calibration tube (36-Fr
bougie) into the stomach. To complete gastric resection,
a total of 5 stapler firings were required. Finally, we used
a Covidien 3-0 V-Loc suture with seromuscular suturing
to reinforce the entire staple line.

Determination of Obesity-Linked

Comorbidities

The following criteria were adopted to determine the obe-
sity-linked comorbidities. Diabetes was determined as the
usage of antidiabetic drugs, fasting blood glucose >
126 mg/dL, or hemoglobin Alc (HbAIC) level > 6.5%.
Hypertension was determined as the usage of antihyper-
tensive drugs, systolic blood pressure > 140 mmHg, or
diastolic blood pressure > 90 mmHg. Dyslipidemia was
determined as the usage of lipid-lowering medications,
total cholesterol > 200 mg/dL, triglycerides > 200 mg/
dL, or (LDL-
cholesterol) > 120 mg/dL. The occurrence of the disease

low-density lipoprotein cholesterol

at start of the study and at the end of follow-up was
calculated according to these criteria with comparison

between the two arms.
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Table | Characteristics of the Both Groups Prior to Intervention

Group | (LSG=68) Group 2 (Conservative=58) P value
Age (years) 42 7.9 38.76 +8.3 0.028*
Mean £SD
Male (Number, %) 34 (50%) 36 (62.1%) 0.174
Smoking (Number, %) 21 (30.9%) 14 (24.1%) 0.4
FH of CAD (Number, %) 5 (7.4%) 4 (6.9%) 0.92
Diabetes (Number, %) 19 (27.9%) 15 (25.9%) 0.79
Diabetics using insulin injections 8 (11.7%) 7 (12%) 0.958
Hypertension (Number, %) 27 (39.7%) 16 (27.6%) 0.15
Hyperlipidemia (Number, %) 15 (22.1%) 12 (20.7%) 0.85
Obstructive Sleep Apnea (Number, %) 11 (16.2%) 9 (15.5%) 0.92
COPD (Number, %) 6 (8.8%) 5 (8.6%) 0.96
SBP (mmHg, Mean +SD) 1389 £16.7 137.4 174 0.83
Height (cm/Mean +SD) 174.7 £5.9 177.4 +6.2 0.015*
Body Weight (kg, Mean +SD) 136.67 £11.6 136.39 £12.3 0.89
BMI (kg/m? Mean £SD) 44.8 £3.5 43.3 £2.9 0.011*
FBG (mg/dl, Mean £SD) 147.4 £54.7 148.3 £59.2 0.26
FBI (mlU/mL, Mean +SD) 22.24 6.5 23.6 £7.1 0.88
HbAIC (Mean £SD) 6.3 1.3 64 1.4 0.74
HOMA-IR (Mean +SD) 6.36 1.6 548 1.6 0.002%*
Triglycerides (mg/dl, Median/IQR) 1389 £16.7 1374 174 0.15
T-Cholesterol (mg/dl, Median/IQR) 206.8 +45.4 216.3 £52.8 0.28
LDL-C (mg/dl, Median/IQR) 114.1 £38.2 132.93 +41.9 0.009*
ALT (U/L, Mean/SD) 37.7 £7.1 30 +5.3 <0.001*
AST (U/L, Median/IQR) 30.81 5.7 33.36 6.1 0.017*

Note: *P value < 0.05 significant.

Abbreviations: SBP, systolic blood pressure; FBG, fasting blood sugar; FPI, fasting plasma insulin; LDL, low density lipoproteins; ALT, alanine transaminase; AST, aspartate

transaminase; BMI, body mass index.

Table 2 Follow-Up of the Metabolic Status Findings of Both Groups Post Intervention

Group | (LSG=68) Group 2 (Conservative=58) P value
Diabetes cured (Number, %) 10 (14.7%) 7 (12.1%) 0.76
Hypertension cured (Number, %) 17 (25%) 9 (15.5%) 0.32
Hyperlipidemia cured (Number, %) 11 (16.2%) 7 (12.1%) 0.51
SBP (mmHg, Mean £SD) 119.40 £10.9 126 7.7 0.122
Body Weight (kg, Mean £SD) 9852 +8.8 122.34 £12.7 <0.000*
BMI (kg/m?, Mean +SD) 3237 3.6 38.84 +3.3 <0.000*
Lost Weight (Kg, Mean +SD) 38.1 £12.2 14.1 £15.4 <0.0001*
FBG (mg/dl, Mean %SD) 100.29 +26.4 137.8 +49.4 <0.0001*
FBI (mlU/mL, Mean +SD) 9.56 +4.3 16.14 +6 <0.000*
HbAIC (Mean £SD) 6.36 £1.6 548 £1.6 0.01*
HOMA-IR (Mean +SD) 5.43 £0.67 5.86 1.1 < 0.0001*
Triglycerides (mg/dl, Mean +SD) 153.7 £22.2 151.76 £38.9 0.72
T-Cholesterol (mg/dl, Mean +SD) 159.82 £20.4 166.12 £35.8 0.22
LDL-C (mg/dl, Mean *SD) 78.26 £16.6 95.28 £30.5 <0.0001*
ALT (U/L, Mean SD) 23.04 +4.3 27.97 £5.2 <0.000*
AST (U/L, Mean £SD) 24.16 4.7 30 £6.5 <0.0001*

Note: *P value < 0.05 significant.

Abbreviations: SBP, systolic blood pressure; FBG, fasting blood sugar; FPI, fasting plasma insulin; LDL, low-density lipoproteins; ALT, alanine transaminase; AST, aspartate
transaminase; BMI, body mass index; HbAIC, hemoglobin A1C; HOMA-IR, homeostatic model assessment for insulin resistance.
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Figure | Degree of serum GDFI5 increase in both groups.
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Figure 2 Correlation of degree of serum GDFI5 with the BMI.

GDFI15 Assay

Fasting blood was obtained in chilled, ethylenediamine-
tetraacetic acid (EDTA) tubes, for GDF15 assay. The
serum was extracted at 80 Celsius for 10 minutes, after
an immediate centrifuge at 3000 rpm, waiting for hor-
mone analysis. The GDF15 assay was carried out using
an enzyme-linked immunosorbent assay kit (ELISA;
Cloud-Clone Corp, 1304 Langham Creek Dr, Suite
226, Houston, TX 77084 USA). The insulin resistance
homeostasis (HOMA-IR) index was used for the calcu-
lation of insulin resistance [(Fasting Glucose-Fasting
Insulin)/22.5.

Figure 3 Correlation of degree of serum GDFI5 with the weight.

Statistical Analysis

Statistical analysis was performed using SPSS version 22.
Categorical data were summarized using numbers and
percentages. Continuous data were tested for normality
using Kolmogorov—Smirnov test. Normally distributed
variables were presented as mean and standard deviations,
while variables that were not normally distributed were
expressed as median and interquartile range. Chi-squared
test was used to compare the categorical data and an
independent -test was used to compare continuous data.
The correlation between the change in BMI with GDF15
was assessed using Pearson Correlation. P-value less than
0.05 was defined as significant and the null hypothesis was
rejected.

Table 3 Correlation Between the Pre-Intervention Level of
GFDI5 and Other Baseline Parameters

Variable r Coefficient P-value
Age 0.074 0.41
Weight 0.014 0.87
BMI 0.165 0.07
SBP 0.131 0.56
FBG 0.022 0.8l
FBI —0.037 0.68
HBAIC —0.039 0.66
HOMA-IR 0.06 0.51
Triglycerides —0.040 0.65
T-Cholesterol —0.091 0.31
LDL-C -.0137 0.21
ALT 0.070 0.43
AST —0.151 0.92

submit your manuscript

1368

Dove

Journal of Inflammation Research 2021:14


http://www.dovepress.com
http://www.dovepress.com

Dove

Salman et al

Table 4 Correlation of the Degree of Serum GDFI5 Increase
and Change in Other Parameters

GDFI15 Increase (pg/mL)
FPG change r 0.211
P value 0.018*
N 126
FPI change r 0.216
P value 0.015*
N 126
HOMA-IR change r 0.199
P value 0.025%
N 126
Total-Cholesterol change r —0.007-
P value 0.935
N 126
LDL-Cholesterol change r —0.026-
P value 0.769
N 126
Triglyceride change r —0.081-
P value 0.369
N 126
ALT change r 0.294
P value 0.001*
N 126
AST change r 0.128
P value 0.154
N 126
HbAIC change r 0.124
P value 0.166
N 126

Note: *P value < 0.05 significant.

Abbreviations: FBG, fasting blood sugar; FPI, fasting plasma insulin; LDL, low-
density lipoproteins; ALT, alanine transaminase; AST, aspartate transaminase; BMI,
body mass index; HbAIC, hemoglobin A1C; HOMA-IR, homeostatic model assess-
ment for insulin resistance.

Results

The current study included 68 patients who underwent
LSG. In addition, 58 cases were enrolled as a control
group, to whom conservative measures of weight loss
were adopted. The mean age in the LSG group was 42

+7.9 years old compared to 38.76 £8.3 years old in the
conservative group (p =0.028). The frequencies of smo-
kers (p =0.4), patients with history of coronary artery
disease (p =0.92), diabetes (p =0.79), hypertension (p
=0.15), and hyperlipidemia (p =0.85) were comparable
between both groups at the baseline. Patients in LSG
group had significantly higher BMI than the conservative
group (44.8 +3.5 versus 43.3 +2.9Kg/m?; p =0.011).
Similarly, patients in LSG group had significantly higher
homeostatic model assessment for insulin resistance
(HOMA-IR) levels (p =0.002), serum ALT (p <0.001),
and lower LDL-C (p =0.009) than the control group.
Other laboratory findings were comparable between
both groups (Table 1).

At the end of follow-up, patients in LSG group exhib-
ited significantly lower BMI than the conservative group
(32.37 £3.6 versus 38.84 +3.3Kg/m*; p =0.001). Likewise,
the extent of weight loss was significantly higher in the
LSG group (38.1 £12.2 versus 14.1 +£15.4Kg, p =0.001).
The values of HbAlc, fasting blood glucose, HOMA-IR,
and LDL were significantly lower in the LSG group (p
>(0.05; Table 2).

At the baseline, the serum GDF15 was comparable
between LSG and conservative groups (409.93 £119 ver-
sus 385.86 +120.2pg/mL, p =0.246). However, at 12
months after the operation, the serum GDF15 was signifi-
cantly higher in the LSG than conservative groups
(699.941 £193.5 versus 559 £159.7; p <0.001). The degree
of serum GDF15 increase was higher in the LSG group
(290.01 £189.9 versus 173.14 £116.7; p <0.001; Figure 1).
The degree of serum GDF15 increase correlated nega-
tively with the final BMI (r = —0.352, p =0.001) and
weight loss (r = —0.793, p =0.001) at 12 months after the
operation (Figures 2 and 3).

The correlation analysis demonstrated that the initial
GFD15 did not correlate with any baseline parameters
(Table 3), while correlation between the change of serum
GDF15 and change in other parameters showed significant
correlation with FPG, fasting plasma insulin (FPI),
HOMA-IR and ALT (Table 4).

Analysis of the relationship between change in serum
GDF15 and change in each parameter in multiple regres-
sion analysis showed statistical significance of the weight
loss after 12 months (Table 5).

As regards the LSG group, there was a significant
correlation between changes in GDF15 and changes in
weight and BMI (Table 6). The correlation with weight
loss was more significant in the LSG group than the
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Table 5 Analysis of Relationship Between Change in Serum GDF15 and Change in Each Parameter in Multiple Regression Analysis

Model Unstandardized Standardized t P value 95.0% Confidence
Coefficients Coefficients Interval for B
B Std. Beta Lower Upper
Error Bound Bound
GDFI15 increase (Constant) 95.798 193.286 0.496 0.621 —286.926- 478.523
(pg/ml) l N
Weight loss after 6.556 1.512 0.595 4337 <0.001 3.563 9.550
12 months
BMI after 12 months -0.771- 4617 -0.021- —0.167- 0.868 -9.913- 8.372
FPG change 0.343 0.346 0.084 0.992 0.323 —0.341- 1.028
FPI change 1.500 2.557 0.052 0.587 0.558 —3.563- 6.563
HOMA-IR change —10.345- 9.045 =0.111- —1.144- 0.255 —28.254- 7.565
ALT change —1.409- 2.080 -0.071- -0.677- 0.500 —-5.529- 2711

Note: *P value < 0.05 significant.

Abbreviations: FBG, fasting blood sugar; FPI, fasting plasma insulin; ALT, alanine transaminase; HbAIC, hemoglobin A1C; HOMA-IR, homeostatic model assessment for

insulin resistance.

Table 6 Correlation Between Change in GDFI5 and Change in
Weight and BMI Only in LSG Group

LSG GDFI5 Increase
(pg/mL)
BMI after 12 months r —0.366-
P value 0.002*
N 68
Weight loss after 12 r 0.535
months
P value <0.001*
N 68

Note: *P value < 0.05 significant.
Abbreviation: BMI, body mass index.

Table 7 Correlation Coefficient of Change in GDFI5 with
Change in Weight Between LGS and Conservative Groups

Group 2 (Conservative) GDF15 Increase (pg/mL)
Weight loss after 12 months r 0.354
P value 0.006*
N 58
LSG GDF15 Increase (pg/mL)
Weight loss after 12 months r 0.535
P value <0.001*
N 68

Note: *P value < 0.05 significant.

conservative group (Table 7). Multi-regression analysis
showed that the only independent predictor of GDF
increase in LSG group was weight loss (Table 8).

Discussion
To date, the exact mechanism of GDF15 in obesity or the
potential changes after bariatric surgeries is still unknown.
In the current work, we showed that the GDF15 level
increased significantly after LSG, the extent of GDF15
increase was significantly higher in patients who under-
went LSG than patients who followed conservative treat-
ment regimen. Notably, we found that the degree of
change in GDF15 correlated significantly with the degree
of weight loss and BMI 12 months after the operation.
GDF15 is a proinflammatory cytokine that presents at
low level in various body organs; this cytokine is an impor-
tant mediator whose level increases significantly during
injury,
carcinogenesis.”* Moreover, a cumulative body of evidence

inflammatory  process, tissue ageing, and
demonstrated that circulating GDF15 is closely correlated
with components of metabolic syndrome such as cardiovas-
cular diseases, diabetes, and insulin resistance.”>* Since
the 2007 study by Johnen et al'® it has been shown that
GDF15, through binding to (GDNF Family Receptor Alpha
Like) GFRAL receptor in the brain stem, is a potent reg-
ulator of appetite as well; circulating GDF15 was found to
and weight loss in mice with

induce anorexia,
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Table 8 Multi-Regression Analysis for Factors Affecting Change in GDFI5 After LSG

Group | (LSG) Unstandardized Standardized t P value 95.0% Confidence
Coefficients Coefficients Interval for B
B Std. Beta Lower Upper
Error Bound Bound
GDFI15 increase (Constant) —123.790- | 324.320 —0.382- 0.704 —772.307- 524.728
(pg/mL) . *
Weight loss after 8.307 2210 0.534 3.758 <0.001 3.887 12.727
12 months
BMI after 12 months —0.660- 7.402 -0.013- —0.089- 0.929 —15.461- 14.140
FPG change 0.487 0.449 0.119 1.085 0.282 —0.411- 1.385
FPI change 4.499 5.343 0.091 0.842 0.403 —6.186- 15.184
HOMA-IR change 7.060 15.746 0.049 0.448 0.655 —24.426- 38.547
ALT change 1.034 2.956 0.038 0.350 0.728 —4.878- 6.946

Note: *P value < 0.05 significant.

overexpression of GDF15.2°?" Therefore, it seems logical
to assume significant alterations in circulating GDF15 levels
following any obesity-control measure; and that circulating
GDF15 can be used as a proxy of the sensible weight loss
and resolution of metabolic abnormalities. In the present
study, we found that the serum GDF15 increased signifi-
cantly following LSG to an extent that was higher than the
increase following conservative management. In addition,
degree of change in GDF15 correlated significantly with the
degree of weight loss. Our findings are in line with a recent

report by Dolo et al*®

who demonstrated a significant
increase in the circulating GDF15 levels after LSG.
Another study showed that bariatric surgery significantly
increase circulating GDF15 levels 12 months after surgery,
this increase correlated significantly with weight loss.*’
Another work showed similar findings.*

Nonetheless, it should be noted that the exact impact of
circulating GDF15 on weight in human has not been fully
understood yet with conflicting data. For example, contra-
dictory to the results that demonstrated a regulatory role of
GDF15 in response to obesity, previous study showed that
overexpression of GDF15 following starvation, but not
overfeeding.*® Therefore, further studies are still needed
to highlight the role of GDF15 in feeding regulation.

In conclusion, the present work confirms the impact of
successful weight loss on the circulating level of GDF15.
Our study demonstrated that the circulating GDF15
increased significantly after LSG and it was correlated to
the degree of weight loss. The current work could serve as
a seminal study in the future, given the originality of the

contribution and its clinically relevant nature. Most impor-
tantly, given the statistical results, the study underlines the
fact that LSG has a measurable impact on plasma GDF15.
Consequently, this shall reinforce the concept that the
effects of LSG are primarily metabolic and physiological

rather than merely anatomical/mechanistic.

Novelty of the Study
To our knowledge, scarce studies addressed the topic of
the changes of GDF15 patients after LSG and so
this article adds momentum to the literature regarding
this novel topic. In addition, among the strengths of this
study is the reasonable number of cases with a quite
acceptable follow-up period. This point may make our
work fairly unique as it is often difficult to get patients
back for a second follow-up after such interval.
Furthermore, it is sensible to say that this work may
point to potential mechanisms that may be underlying the
weight loss after LSG and this shall provide novel hori-
zons into the worth of GDF15; and possibly make it an
attractive goal for new therapeutic approaches in disorders
related to obesity.
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