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Abstract

Purpose Emerging evidence revealed that brain-derived neurotrophic factor (BDNF), secreted protein acidic and rich in
cysteine (SPARC), fibroblast growth factor 21(FGF-21) and growth differentiation factor 15 (GDF-15) are involved in
energy metabolism and body weight regulation. Our study aimed at examining their association with BMI, their alterations
after anti-obesity treatments, and their association with 1-year weight loss.

Methods A prospective observational study of 171 participants with overweight and obesity and 46 lean controls was
established. All participants received lifestyle educational intervention (LEI) with or without anti-obesity treatments
(LEI + bariatric/metabolic surgery, n = 41; LEI + topiramate, n = 46; LEI + liraglutide, n = 31; LEI + orlistat, n = 12; and
LEI alone, n = 41). Anthropometric and metabolic parameters, insulin sensitivity, C-reactive protein (CRP), fasting plasma
levels of BDNF, SPARC, GDF-15, and FGF-21 were measured at baseline and 1 year.

Results Multiple linear regression showed that fasting levels of SPARC, FGF-21, and GDF-15 were significantly associated
with baseline BMI after adjustment for age and sex. At 1 year, the average weight loss was 4.8% in the entire cohort with a
significant improvement in glycemia, insulin sensitivity, and CRP. Multiple linear regression adjusted for age, sex, baseline
BMLI, type of treatment, and presence of T2DM revealed that the decrease in log;g)FGF-21 and log;(GDF-15 at 1 year from
baseline was significantly associated with a greater percentage of weight loss at 1 year.

Conclusions This study highlights the association of SPARC, FGF-21, and GDF-15 levels with BMI. Decreased circulating
levels of GDF-15 and FGF-21 were associated with greater weight loss at 1 year, regardless of the types of anti-obesity
modalities.

Introduction important role in metabolism, energy balance, and BW reg-

ulation, and many of them were being developed as novel

Body weight (BW) regulation is complex and requires inter-
action from various organs. Emerging evidence revealed that
several cytokines [1-3] and gut hormones [4] played an
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therapies for obesity. Brain-derived neurotrophic factor
(BDNF), secreted protein acidic and rich in cysteine (SPARC),
fibroblast growth factor 21 (FGF-21), growth differentiation
factor 15 (GDF-15) are examples of such cytokines which have
therapeutic potential in obesity and metabolic diseases.

BDNF is involved in neurotrophic activity, inflamma-
tion, metabolism, and cardiovascular diseases [5]. BDNF
depletion in the hypothalamus [6], BDNF haploinsuffi-
ciency [7], and mutation of its receptors [8] have been
reported to be related to increased dietary intake, weight
gain, hence obesity. SPARC, also known as osteonectin or
BM-40, is ubiquitously expressed in most tissues, especially
subcutaneous fat. Recently, SPARC has also gained sub-
stantial interest due to its roles in obesity, insulin resistance,
and metabolic syndrome [9].
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FGF-21, secreted primarily from the liver, plays a crucial
role in enhancing glucose uptake and lipolysis in adipose
tissue, alleviating liver steatosis, and anti-inflammatory
[10]. Furthermore, FGF-21 shifts food preference away
from the sweet and high-calorie diet [11]. It also increases
energy expenditure by activating brown and beige adipose
tissue [2]. Therefore, FGF-21 is considered to have a novel
therapeutic potential for obesity, T2DM, and NAFLD [2].

GDF-15, a member of the transforming growth factor 8
superfamily, is a stress-responsive cytokine [12]. GDF-15 is
expressed in various tissues, mainly in the liver [1], and
signals through a glial cell-derived neurotrophic factor
receptor alpha-like (GFRAL) in the nucleus tractus solitar-
ius and area prostrema [13], resulting in reduced food intake
and BW, and improved glycemic control [14]. Therefore,
the GDF-15/GFRAL axis is suggested as an essential part of
energy homeostasis and BW regulation and is currently a
novel therapeutic target for obesity.

Few studies examine these cytokines in people who are
obese or overweight. Furthermore, research that describes
alterations in circulating levels of these cytokines in
response to anti-obesity treatments including pharma-
cotherapy or bariatric/metabolic surgery is scarce. This
information can shed light on the role of these cytokines in
the pathogenesis of obesity and could lead to the develop-
ment of novel obesity treatments.

Thus, the present study aimed to study the association of
circulating levels of BDNF, SPARC, FGF-21, and GDF-15
with BMI, the alterations of these four cytokines after 1 year
of anti-obesity treatments (lifestyle modification plus phar-
macotherapy or bariatric/metabolic surgery), and their
association with weight loss at 1 year after obesity therapy.

Materials and methods
Study participants

A prospective cohort of 171 adults with overweight (BMI
23-24.9 kg/m?), obesity (BMI > 25kg/m*) and 46 lean
controls (BMI 18.5-22.9 kg/m?) was established. The BMI
criterion used in this study is ethnically specific for Asians
[15]. All participants were 218 years old and were not
pregnant or lactating. The controls reported no history of
obesity, diabetes mellitus, high blood pressure, or dyslipi-
demia, and were in good health. Written informed consent
was given by all participants. The study was approved by
the respective Institutional Ethics Committee for Clinical
Research of Siriraj Hospital, Mahidol University, Thailand,
and was conducted at Siriraj Hospital, Faculty of Medicine
Siriraj Hospital from 2017 to 2019. Study data was col-
lected and managed using REDCap electronic data capture
tools [16].
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All participants with obesity received lifestyle educational
intervention (LEI) with or without pharmacotherapy (for
participants with BMI >27 kg/m® with obesity-associated
comorbidities or BMI 230 kg/m?) including topiramate, lir-
aglutide, and orlistat, or bariatric/metabolic surgery (for
participants with BMI >35kg/m’ with obesity-associated
comorbidities or BMI 240 kg/m?). The option of anti-obesity
treatments was chosen based on specific contraindications
for each individual. The decision was made by the partici-
pants and an attending physician after a detailed discussion.
LEI and pharmacotherapy were delivered to participants
throughout the 1-year period of the study.

At baseline, participants were divided into four groups
according to their BMI: lean control (BMI 18.5-22.9 kg/mz),
group 1 (BMI 25-29.9 kg/m?), group 2 (BMI 30-39.9 kg/m?)
and group 3 (BMI 240 kg/m?).

Anti-obesity treatments
Lifestyle education intervention (LEI)

Individual sessions of lifestyle education were provided by
a registered dietitian or an obesity physician at baseline and
at each follow-up visit. The session focused on reduced
energy intake, targeting a deficit of 2093-4186kJ
(500-1000 kcal) per day; and regular exercise, aiming for at
least 150 min of moderate intensity exercise per week and/
or 10,000 steps per day.

LEl 4 topiramate

The dose of topiramate was titrated in the first 4 weeks of
the intervention as follows: the first week, 25 mg before
bedtime once a day; the second week, 25 mg twice a day
after breakfast and before bedtime; the third week, 50 mg
twice a day after breakfast and before bedtime; the fourth
week, 50 mg after breakfast and 100 mg before bedtime.
However, if the 150 mg dose could not be tolerated, the
dose would decreased to a maximum tolerable dose.

LEI + liraglutide

Liraglutide was administered by subcutaneous injection.
The starting dose was 0.6 mg per day and then the dose
increased by 0.6 mg each week until the dose of 3.0 mg was
reached. However, if the 3.0-mg dose could not be toler-
ated, the dose would be deescalated to a maximal
tolerable dose.

LEI + orlistat

Orlistat was prescribed at a dose of 120 mg 2-3 times a day
with meals.
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LEI + bariatric/metabolic surgery

Laparoscopic roux-en-Y gastric bypass (LRYGB) included
the construction of a biliopancreatic limb with a 100- to
120-cm alimentary limb and a 30-ml gastric pouch. In
laparoscopic sleeve gastrectomy (LSG), approximately 80%
of the stomach is removed, producing a narrow tubular
stomach that leads to rapid gastric emptying and nutrients
passing rapidly into the duodenum and proximal part of the
small intestine.

Outcomes measurement

Demographic data including age, sex, height, and comor-
bidities were collected from the hospital’s electronic data-
base. The BW was recorded at each visit. Waist
circumference (WC) and hip circumference (HC) were
measured at baseline and 1 year. Total cholesterol (TC),
triglyceride (TG), high-density lipoprotein cholesterol
(HDL-c), fasting plasma glucose (FPG), hemoglobin Alc
(HbA,,), fasting insulin, high-sensitivity C-reactive protein
(CRP), and fasting plasma levels of BDNF, SPARC, FGF-
21, and GDF-15 were measured at baseline and 1 year.

Anthropometric measurement

The BW was measured using a calibrated weighing scale
(TANITA® BC-587, Central trading Co., Ltd, Thailand).
Participants were weighed while wearing indoor clothing
without shoes and heavy accessories. BMI was calculated
by BW (kg)/(height [m])z. WC and HC were measured
using non-stretchable tape. WC was measured midway
between the iliac crests and the lowest ribs. HC was mea-
sured at the widest protrusion of the buttocks. The W/H
ratio was calculated by WC/HC. The percentage of weight
loss (PWL) was determined by ([baseline BW — BW at 1
year]/ baseline BW) x 100.

Biochemical analysis

A venous blood sample was taken after a fast for 12h
overnight. TC, HDL-c, LDL-c, TG, glucose, and insulin
were determined by a biochemical auto-analyzer (Cobas®
8000 modular analyzer series, Roche Diagnostics, India-
napolis, USA). HbA . was analyzed with Cobas Integra®
800 analyzer, Roche Diagnostics, Indianapolis, USA. LDL-
¢ levels were calculated using the Friedewald formula.
Homeostatic model assessment insulin resistance (HOMA-
IR) was calculated using the following formula: (FPG x
fasting insulin)/22.5 in molar units.

For cytokine analysis, EDTA plasma was separated by
centrifugation at 3500 rpm for 10 min. Plasma was then
collected and stored at —80°C, awaiting analysis for

BDNF, SPARC, FGF-21, and GDF-15. Plasma levels of
BDNF, SPARC, FGF-21, and GDF-15 were quantified
using a bead-based multiplex assay kit (MILLIPLEX MAP
Human Myokine Magnetic Bead Panel, Merck, Germany)
according to the manufacturer’s instructions (respectively,
intra-assay variability: <10%, <10%, <5%, <10%, and inter-
assay variability: <15%, <20%, <15%, <10%).

Statistical analysis

Statistical analyzes were performed using SPSS version
18.0 software. The normal distribution of the variables was
explored using the Kolmogorov—Smirnov  and
Shapiro-Wilk tests. Skewed distributions were logarith-
mically transformed for comparison. Unpaired and paired
sample r-tests were used for comparisons in two unrelated
samples and related sample groups, respectively. Analysis
of variance (ANOVA) was used to study the difference
between groups. The results of the quantitative variables
were expressed as mean + standard deviation for the nor-
mally distributed variables, and as median and interquartile
ranges for the nonnormally distributed variables. The
association of cytokines with BMI was tested using a
multiple linear regression analysis adjusted for age and sex.
The relationship between plasma cytokines and PWL was
analyzed using a multiple linear regression model adjusted
for age, sex, baseline BMI, type of anti-obesity treatments,
and presence of T2DM. A p-value <0.05 was considered
statistically significant in all analyzes.

Results
Baseline characteristics

Table 1 presents clinical characteristics and fasting plasma
levels of cytokines according to the BMI groups at baseline.
Overall, the average age was 39 years. The majority of the
participants were female (62.7%), and 26.3% of the parti-
cipants had T2DM. There was an increasing number of
participants with T2DM, HT, dyslipidemia (DLP), and
obstructive sleep apnea (OSA) according to the increasing
BMI. CRP levels also increased significantly along with the
increase in BMI groups (P <0.001).

The fasting plasma levels of BDNF were not sig-
nificantly different between groups (P =0.12, Table 1
and Fig. la). The fasting plasma levels of SPARC in
BMI group 1, group 2, and group 3 were significantly
higher than lean control (P<0.01, P<0.001, and
P <0.001, respectively, Table 1, Fig. 1b). The fasting
plasma levels of FGF-21 in BMI group 2 and group 3
were significantly higher than lean control (p < 0.001 for
both), and levels in BMI group 3 were significantly
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Table 1 Clinical characteristics

d fasti 1 levels of Parameters Lean control Group 1 Group 2 Group 3 (n=90) P-value

and fasting plasma feve's o (n = 46) (n=14) (n=67) BMI > 40 kg/m?

cytokines according to BMI BMI BMI BMI

groups at baseline 18.5-22.9kg/m®  25-29.9kg/m®>  30-39.9 ke/m’
Age, years 35.1+£8.7 423+164 42.7+134 36.6+12.8 0.005
Female, n (%) 23 (50.0) 14 (100) 42 (62.7) 57 (63.3) 0.02
Type 2 diabetes 0 1(7.1) 17 (25.4) 27 (30.0) 0.19
mellitus, n (%)
Hypertension, n (%) 0 3(21.4) 32 (47.8) 48 (53.3) 0.08
Dislipidemia, n (%) 0 2 (14.3) 19 (28.4) 26 (28.9) 0.51
Obstructive sleep 0 0 14 (25.4) 44 (48.9) <0.001

apnea, n (%)

Inflammatory marker

CRP, mg/l 0.59 (0.30,1.14)  1.07 (0.86, 2.29) 3.63 (1.75, 5.72) 8.03 (4.75,13.19) <0.001
Cytokine concentrations

BDNF, pg/ml 475 (234, 1095) 759 (412, 1344) 670 (369, 1414) 646 (380, 1553)  0.12

SPARC, ng/ml 24.8 (17.2,30.4) 42.1 (35.7,51.1) 55.1 (41.2, 82.5) 58.6 (43.4,75.3) <0.001

FGF-21, pg/ml 4.8 (2.21 10.7) 10.3 (4.7,20.6) 18.7 (9.2, 33.8) 24.6 (12.2,49.8) <0.001

GDF-15, pg/ml 420 (274, 532) 441 (323, 724) 777 (578, 1309) 968 (616, 1650) <0.001

Data are expressed as mean + SD or median (interquartile range) according to data distribution

higher than BMI group 1 (p <0.01) (Table 1 and Fig. lc).
Circulating GDF-15 levels in BMI group 2 and BMI
group 3 were significantly higher than lean control
(P <0.001 for both), and levels in BMI group 2 and BMI
group 3 were significantly higher than BMI group 1
(P<0.01 and P<0.001) (Table 1 and Fig. 1d).

Multiple linear regression also showed that loglO-
SPARC, loglOFGF-21, and loglOGDF-15 were sig-
nificantly associated with BMI after adjusting for age and
sex (f=12.4, P<0.001 for loglOSPARC; p=10.2,
P<0.001 for loglOFGF-21; p=22.5, P<0.001 for
logl0GDF-15) (Fig. 2). There was no relationship between
log10 BDNF levels and BMI at baseline.

Changes in parameters at 1 year
Anthropometric parameters

In the entire cohort, there was a significant decrease in
BW, BMI, and WC at 1 year from baseline (P <0.001 for
all, Table 2). BW and BMI were significantly reduced in
LEI + topiramate (P <0.001 for both), BW and WC
decreased significantly in LEI + liraglutide (P <0.001
and P <005, respectively), and the BW, BMI, WC and
W/H ratio were significantly reduced in LEI 4 bariatric/
metabolic surgery (P<0.001 for all) (Table 2). The
average PWL at 1 year was 4.8% with the highest PWL
in LEI 4 bariatric/metabolic surgery (21.6%), 5.7% in
LEI + topiramate, 3% in LEI + liraglutide and 0.8% in
LEI alone. In contrast, LEI + orlistat experienced a
weight gain of 2% (Table 2).
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Metabolic and insulin sensitivity indices

In all participants, there was a significant decrease in TG
levels (P <0.05) and a significant increase in HDL-c levels
(P<0.001) (Table 2). In the LEI + bariatric/metabolic sur-
gery group, participants had significantly reduced TG and
total cholesterol levels (P=0.001 and P<0.05), and
increased HDL-c levels (P <0.01) (Table 2). There was a
significant increase in HDL-c levels in LEI + topiramate
and LEI + liraglutide (P <0.01 for both) (Table 2).

FPG, HbA,. fasting insulin and HOMA-IR levels
decreased significantly at 1 year, compared to baseline only
in the LEI + bariatric/metabolic surgery group (P <0.001
for all) (Table 2).

Inflammatory marker

Circulating CRP levels were significantly reduced at 1 year
in LEI + bariatric/metabolic surgery group (P <0.001)
(Table 2).

Cytokines

At 1 year, BDNF levels were not significantly different from
baseline in all groups (Table 2 and Fig. 3a). Circulating
SPARC levels were significantly lower than baseline in the
entire cohort (P <0.001), LEI + topiramate (P <0.01), LEI +
liraglutide (P <0.001), and LEI + bariatric/metabolic surgery
(P<0.001) (Table 2 and Fig. 3b). The levels of FGF-21 sig-
nificantly reduced in LEI 4 bariatric/metabolic surgery at 1
year (P<0.01) (Table 2 and Fig. 3c). Circulating levels of
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Fig. 1 Comparison of plasma cytokine concentrations in different BMI groups; lean control (BMI = 18.5-22.9 kg/m?), group 1 (BMI = 25.0-29.9
kg/m?), group 2 (BMI = 30.0-39.9 kg/m?) and group 3 (BMI > 40 kg/m?). a BDNF, b SPARC, ¢ FGF-21 and d GDF-15

GDF-15 decreased significantly in LEI + topiramate (P < 0.05)
and LEI + bariatric/metabolic surgery (P <0.01) (Table 2 and
Fig. 3d).

Association study of cytokine levels with 1-year PWL

Multiple linear regression adjusted for age, sex, baseline
BMI, type of anti-obesity treatments, and presence of
T2DM was performed to examine an association between
cytokine levels and I-year PWL. It revealed that the
decrease in log;(FGF-21 and log,(GDF-15 at 1 year from
baseline (Alog;gFGF-21 and Alog,,GDF-15) were sig-
nificantly associated with greater 1-year PWL (= —4.4,
P <0.001 and = —4.5, P<0.05, respectively, Table 3).

Discussion

The present study demonstrated that circulating levels of
SPARC, FGF-21, and GDF-15 but BDNF were positively

correlated with BMI. At 1 year after anti-obesity treatments,
there was a significant reduction in BW (average PWL =
5%), BMI and WC, and a significant improvement in
glycemia, insulin sensitivity indices, and CRP levels. Cir-
culating SPARC levels were significantly lower than base-
line in LEI + topiramate, LEI+ liraglutide, and LEI
+bariatric/metabolic surgery. Circulating FGF-21 levels
were significantly reduced in LEI + bariatric/metabolic
surgery. Circulating GDF-15 levels decreased significantly
in LEI 4 topiramate and LEI + bariatric/metabolic surgery.
There was no significant change in BDNF circulating levels
at 1 year from baseline. Furthermore, we discovered that
decreasing levels of circulating FGF-21 and GDF-15 were
associated with greater weight loss at one year regardless of
the type of anti-obesity therapies.

Despite the advantages of BDNF in BW, a systematic
review and meta-analysis revealed that there was no dif-
ference in circulating levels of BDNF between people with
obesity and lean controls [5]. This is in agreement with our
findings that there was no significant association between

@ Springer
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Fig. 2 Association of cytokines with BMI by a multiple linear regression analysis adjusted for age and sex. a Logl0 BDNF, b Log10 SPARC,

¢ Logl0 FGF-21 and d Logl0 GDF-15

plasma levels of BDNF and BMI. Furthermore, BDNF
levels at 1 year after anti-obesity treatments were compar-
able to baseline levels. The reasons for these results could
be: first, circulating levels of BDNF may not truly represent
BDNF levels in the hypothalamus, which is the key organ
regulating BW; second, the main source of circulating
BDNEF is still poorly understood (different sources could
have different functions) [17]; and third, it has been
reported that there was a lack of standard protocol for col-
lecting and processing plasma and/or serum BDNF [5].
The concept of adipose expandability [18] describes that
adipose expansion is vital for coping with surplus energy
intake. When expandability is restricted, excess TG enters
the circulation, contributing to hyperlipidemia and ectopic
fat accumulation. Consequently, this results in insulin
resistance and metabolic syndrome. SPARC is claimed to
be responsible for adipose tissue fibrosis, thus restricting
adipose tissue expandability and adipogenesis [19]. How-
ever, recent evidence showed that SPARC had advantages
on energy metabolism. SPARC increased thermogenesis

@ Springer

through brown adipose tissue [20] and increased energy
expenditure in skeletal muscle [21].

In the present study, we found that SPARC levels were
significantly associated with BMI. This could be explained
by: first, higher levels of inflammation, insulin resistance,
leptin, fat mass at a higher BMI associated with higher
levels of SPARC, as reported by several previous studies [9,
20, 22, 23]; second, a body’s attempt to limit expansion of
adipose tissue at a higher BMI; and third, a compensation to
increase energy expenditure through brown and beige adi-
pocytes and skeletal muscles.

After 1 year of anti-obesity treatments, SPARC levels
decreased significantly throughout the cohort, LEI+
topiramate, LEI + liraglutide, and LEI + bariatric/metabolic
surgery, where they were groups that showed significant
weight loss. This corresponds to previous studies revealing
that a gene encoding SPARC could be down-regulated by
energy restriction in mice [24], and a very low-calorie diet
reduced SPARC expression by 33% in humans [9]. Fur-
thermore, two studies that examined SPARC concentrations
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Fig. 3 Changes in plasma cytokine concentrations at 1 year from baseline divided by type of anti-obesity treatments. a BDNF, b SPARC, ¢ FGF-
21 and d GDF-15; LEI lifestyle education intervention
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Table 3 Assqc1at10n study‘ of Parameters p 95% confidence interval of f R? P-value

plasma cytokines levels with

1-year percentage weight loss, Lower bound Upper bound

adjusted for age, sex, baseline

BMI, type of anti-obesity At baseline

tsz';‘;f;/[ems and the presence of Log10 BDNF, pg/ml ~0.63 ~3.43 2.17 0.63 0.66
Log10 SPARC, ng/ml —0.62 —4.60 3.36 0.63 0.76
Logl10 FGF-21, pg/ml 1.04 —1.33 3.40 0.63 0.39
Log10 GDF-15, pg/ml -1.71 —6.16 2.75 0.63 0.45

Changes at 1 year from baseline

ALog10 BDNF, pg/ml 0.07 -2.19 2.33 0.63 0.95
ALog10 SPARC, ng/ml 0.46 —2.31 3.24 0.63 0.74
ALogl10 FGF-21, pg/ml —4.39 —6.62 —2.16 0.66 <0.001
ALog10 GDF-15, pg/ml —4.49 —8.46 —0.52 0.64 0.027

after bariatric/metabolic surgery showed that there was a
significant decrease in SPARC levels [9, 25]. The sig-
nificant reduction in SPARC levels after anti-obesity treat-
ments in our study could be due to improved metabolic
abnormalities and inflammation associated with obesity.
Therefore, elevated levels of SPARC to counteract the
obesity state and its complications may no longer be nee-
ded. The direct effects of topiramate and liraglutide on
SPARC concentrations are not well understood.

Interestingly, Lee et al. reported that changes in serum
SPARC levels after bariatric/metabolic surgery were sig-
nificantly correlated with changes in HOMA-IR, not BMI
[25]. This is in line with our findings that changes in cir-
culating SPARC did not show an association with 1-year
PWL in a multiple linear regression adjusting for age, sex,
baseline BMI and the presence of T2DM.

At baseline, we found that FGF-21 circulating levels
were significantly associated with BMI. This confirms that
FGF-21 secretion is influenced by physiological or envir-
onmental stress in people with obesity, as reported in pre-
vious studies [26]. Interestingly, an FGF-21 resistant state in
obesity could be another reason. A previous study in diet-
induced obesity mice demonstrated that there was decreased
expression of the FGF-21 receptor in white adipose tissue
and after FGF-21 administration, the reduction in plasma
glucose was attenuated, compared to lean ones [27]. A
study in people living with obesity and T2DM demonstrated
that the expression of genes comprising the FGF-21 sig-
naling pathway was also lower in visceral fat than in sub-
cutaneous fat. They concluded that human FGF-21
resistance in T2DM and obesity could result from increases
in FGF-21-resistant ectopic fat accumulation [28].

Our results revealed that decreasing levels of FGF-21 at
1 year from baseline were significantly associated with
higher PWL. This was mainly driven by the group ‘LEI +
bibariatric/metabolic surgery’, as the reduction in I-year
levels of FGF-21 was the most striking in this group.
Changes in FGF-21 levels in response to bariatric/metabolic

surgery are reportedly varied and inconclusive. A meta-
analysis by Hosseinzadeh et al. indicated that the alteration
of fasting FGF-21 levels was dominantly affected by the
duration of follow-up [10]. Fasting levels of FGF-21
increased significantly after RYGB, particularly in the
early post-op; however, the levels decreased considerably at
> | year follow-up duration. This supports our findings that
fasting FGF-21 levels decreased significantly at 1 year after
bariatric/metabolic surgery.

The proposed mechanisms that explain the reduction in
1-year levels of circulating FGF-21 include: first, resolved
resistance status to FGF-21 after a significant weight
reduction; second, improved metabolic stress as FGF-21 is a
stress-induced cytokine; and third, significantly reduced
food intake, as FGF-21 is strictly nutritionally controlled
[10, 29]. Evidence in rats revealed that there was an
improvement in FGF-21 sensitivity, as well as restoration of
the FGF-21 signaling pathway after SG and duodenal-
jejunal bypass at 1 year [30]. Furthermore, an up-regulation
of FGF-21 receptors in adipose tissue has been reported in
humans after RYGB [31].

GDF-15 concentrations have been reported to positively
correlate with age, BMI, W/H ratio, adiposity, glucose,
degrees of insulin resistance, and CRP [13, 32]. This is in
agreement with our results showing that GDF-15 levels
were significantly associated with BMI at baseline.

Studies in mice revealed that GDF-15 causes weight loss
and taste aversion away from high-calorie food [12, 33-36].
Li et al. discovered that GDF-15 could prevent endothelial
cell injury and cell apoptosis from high plasma glucose
[37]. In addition, obesity and T2DM are known to manifest
themselves as a systemic inflammatory state. Therefore, in
addition to being simply a cell/tissue stress-induced cyto-
kine, it is plausible that the role of higher levels of GDF-15
in obesity and diabetes is to prevent progressive weight gain
and to play a role in reducing inflammation [12, 13].

In the present study, at 1 year, the reduction in GDF-15
levels was statistically significant in LEI + topiramate and
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LEI+baritric/metabolic surgery where they were the two
main weight reduction strategies in this cohort (PWL =
21.6% and 5.7%, respectively). The magnitude of the
reduction in GDF-15 was highest in LEI + bariatric/meta-
bolic surgery, where the weight loss was also the greatest.
This could indicate that at least 5% weight loss is required
for the reduction in GDF-15 concentrations.

Furthermore, a multiple linear regression analysis sug-
gests that the reduction in GDF-15 at 1 year from baseline
was associated with a greater PWL after anti-obesity treat-
ments. This could be explained by weight loss that leads to
areduced inflammatory burden and a substantial decrease in
the need for GDF-15 to prevent progressive weight gain,
thus a decrease in circulating GDF-15 levels.

Our findings ask whether or not GDF-15 is a key mediator
of weight loss after anti-obesity treatments, particularly bar-
iatric/metabolic surgery. Frikke-Schmidt et al. reported that
deletion of Gdfi5 did not affect weight loss and feeding
behavior after SG in mice [36]. Adolph et al. also showed that
weight loss with laparoscopic adjustable gastric banding was
related to decreased expression of Gdf15 in the liver [38].

On the contrary, several studies revealed that GDF-15
levels increased after SG [39, 40] and RYGB [32, 41] and
were positively correlated with weight loss, suggesting that
GDF-15 could be a key mechanism for weight loss benefit
after bariatric/metabolic surgery. However, the levels of
GDF-15 at baseline in these studies (215 — 487 pg/ml) were
lower than in our study (1165 pg/ml). Previous studies have
shown that there was variability in GDF-15 response of
anti-obesity treatments. After a week of daily 60-min
aerobic exercise training, GDF-15 levels increased in 67%
(6/9) of participants and reduced in 33% (3/9) of partici-
pants [42]. Furthermore, a 3-week lifestyle intervention
caused an increase in GDF-15 in 77% and a decrease in
23% of the total participants [43]. This emphasizes the
differences between individuals in the physiology and
secretion profiles of GDF-15 in response to the obesity
intervention. The effect of topiramate on GDF-15 con-
centrations is currently unknown.

The strengths of the present study include: first, it is a
large sample size cohort of people with overweight and
obesity, reporting circulating levels of BDNF, SPARC,
FGF-21 and GDF-15 before and after obesity therapy; sec-
ond, we demonstrated changes in circulating levels of the
four cytokines in response to several anti-obesity treatments,
including LEI with or without pharmacotherapy or bariatric/
metabolic surgery; and third, the study participants were
Asian in origin where this kind of study is still lacking.

Some limitations are worth noting. First, a small sample
size in the LEI + orlistat group led to inconclusive results in
this group; second, the cytokine levels were not measured at
each follow-up visit between baseline and 1 year, making
the study of the temporal relationship of changes

@ Springer

impossible; and third, pharmacotherapy used in the present
study reflects local practice context in Thailand; therefore,
other pharmacotherapy options were not evaluated.

In conclusion, circulating levels of SPARC, FGF-21, and
GDF-15 were positively correlated with BMI, and after
weight reduction therapy, these levels were reduced
according to weight loss. Furthermore, decreasing levels of
FGF-21 and GDF-15 were associated with greater weight
loss at 1 year. This could indicate that in the obesity state,
cytokines are released in response to stress and inflamma-
tion and could function to prevent further weight gain and
metabolic derangements. In the weight-reduced state, the
improvement in inflammation, stress, and metabolic
abnormalities probably results in reduced levels of the
cytokines. Further research should focus on how these
cytokines function in a weight-reduced state and how they
respond to anti-obesity treatments.
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