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Abstract

Background/Objectives The reduction of body mass after bariatric surgery affects energy metabolism and may involve changes
in irisin, preptin, and adropin production.

Subjects and Methods Fifty-five morbidly obese patients with a mean body mass index (BMI) of 45.7 + 5.8 kg/m” were treated
with either laparoscopic sleeve gastrectomy(n = 30) or laparoscopic adjustable gastric banding (n =25). Forty-six (83.6%) were
followed-up 6 months after surgery. The control group included 15 healthy non-obese participants. Anthropometric measure-
ments, lipid profiles, HbAlc¢, and serum irisin, preptin, and adropin were assessed at baseline and on follow-up.

Results The serum concentrations of all three peptides were higher at 6 months than at baseline but only irisin (p = 0.02) and
adropin (»p =0.000001) were significantly higher. The increase in preptin was borderline significant (p =0.051). Changes of
serum concentrations of all three peptides were bidirectional.

Conclusion Body mass reduction resulting from bariatric procedures may change the production of energy regulating peptides,
but not always in a favorable manner.
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Introduction

Metabolic changes and pathophysiological effects that occur
following the reduction in body mass reduction produced by
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bariatric surgery are not fully understood. Cytokines are pro-
duced and secreted by various organs, and those produced by
skeletal muscle have been known for some time [1, 2].
Myokines are secreted upon physical activity and may have
positive effects on metabolic disorders by increasing glucose
uptake and distribution, enhancing lipolysis, and influencing
angiogenesis and revascularization. Irisin is a myokine de-
rived from fibronectin type III domain-containing protein 5
(FNDCS5), which is highly expressed in skeletal muscle [3],
and synthesis is induced by physical activity [4]. Irisin is a
messenger that promotes the conversion of lipid-storing white
adipose to energy-catabolizing brown adipose tissue that leads
to increased thermogenesis. Irisin may thus protect against
obesity and diabetes. In an animal model of diabetes, irisin
improved glucose tolerance, glucose uptake by myocytes, and
reduced the expression of two liver enzymes that stimulate
gluconeogenesis. It also reduced the fat percentage of body
weight, as well as serum total cholesterol and triglycerides [5].

Reports of the influence of exercise training on FNDC5
gene expression in human muscle by exercise training are
inconsistent. Bostrom et al. found that exercise training in-
duced the expression of the FNDC5 gene in human muscle,
which was associated with increased irisin expression [4].
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However, Timmons et al. reported that FNDC5 expression
increased only in highly active elderly subjects and was not
associated with metabolic status [6]. In the general population,
irisin concentration increases with routine daily physical ac-
tivity and circulating irisin is associated with a favorable lipid
profile [7, 8]. Studies investigating serum irisin in obese indi-
viduals are equivocal. A study including 300 obese partici-
pants found that their serum irisin levels were not significantly
higher than those in age- and sex-matched controls [9]. Other
studies reported lower serum irisin levels in obese than in
normal-weight participants, but that the difference was asso-
ciated with the presence or absence of diabetes mellitus
[10—12]. There are limited studies on a change of serum irisin
levels as a result of body mass reduction. Fukushima et al. did
not find a significant association of serum irisin level and
weight loss in participants in a 6-month weight program in-
cluding diet intervention and exercise and cognitive behavior-
al therapy, and concluded that body weight reduction did not
change irisin levels [13]. Studies on the impact of bariatric
surgery on serum irisin had protocols involved Roux-en-Y
gastric bypass or sleeve gastrectomy and had different lengths
of post-surgical follow-up. The results are inconsistent,
reporting either stable levels at 3, 6, and 12 months [11, 14],
or bidirectional changes with increases or decreases at 1 month
after surgery [15].

Two other cytokines that regulate energy metabolism are
preptin and adropin, but less is known of their roles in obesity
than is known about irisin. Preptin is a 34 amino-acid peptide
hormone that is co-secreted with insulin and amylin by pan-
creatic beta-cells. It is believed to enhance glucose-mediated
insulin secretion [16]. Elevated serum preptin has been report-
ed in overweight and obese adults [17], but we have not found
any published data on changes in preptin synthesis following
body mass reduction.

Adropin is synthesized in the liver, brain, and many
peripheral tissues [2], and is believed to control fatty-acid
metabolism, prevent insulin resistance, and regulate dys-
lipidemia and impaired glucose tolerance [18]. Adropin
expression is diet dependent. Serum adropin is reported
to be lower in overweight and obese than in normal-
weight adults and to increase after Roux-en-Y gastric by-
pass, peaking 3 months after surgery [19].

Data on the influence of body mass reduction resulting
from bariatric surgery on serum irisin, preptin, and adropin
in humans are scarce and ambiguous [20]. The study design
assumed that production of irisin, preptin, and adropin are
impaired in obesity and that normal levels are restored after
bariatric surgery. The levels of these three peptides were de-
termined before surgery and 6 months after surgery taking
changes in the body mass index (BMI) and serum lipid profile
into account. The results in the surgical patients were com-
pared with the corresponding values in a group of normal-
weight control participants.

Material and Methods
Study Design, Settings, and Participants

This single-center prospective observational case-control
study included consecutive patients referred to the
Department of General and Bariatric Surgery and
Emergency Medicine between 2015 and 2016. The study
was approved by the Local Ethics Committee at the Medical
University of Silesia. All subjects gave informed written con-
sent. Eligible patients were morbidly obese with a BMI >
35 kg/m?, > 18 years of age, and indicated for bariatric sur-
gery. All surgical procedures were performed by the same two
surgeons at the same institution. Controls with BMIs between
18.5 and 25 kg/m* were recruited at the same department as
the patients or at the Department of Internal Medicine,
Allergology, and Clinical Immunology. Patients and control
participants with chronic inflammatory conditions such as cor-
onary heart disease, renal insufficiency, chronic pancreatitis,
and acute or chronic inflammatory conditions such as acute
hepatitis or pancreatitis, or coexisting malignancies were
excluded.

Patient Variables

Obese patients were examined 1 or 2 days before surgery and
6 months after surgery during routine follow-up in the outpa-
tient clinic. Baseline body weight, BMI, excess body weight
(EBW), waist-hip ratio, total cholesterol (mg/dl), HDL cho-
lesterol (mg/dl), LDL cholesterol (mg/dl), triglycerides (mg/
dl), glycated hemoglobin (HbAlc), serum irisin, preptin, and
adropin were assayed in cases and in controls. The same var-
iables were assessed 6 months after surgery.

Serum lIrisin, Preptin, and Adropin Assays

Commercial enzyme-linked immunosorbent assay kits were
used to measure serum of irisin (BioVendor), adropin, and
preptin (both Cloude-Clone Corp). The assays were per-
formed following the manufacturers’ instructions. The lower
limits of detection were 1 ng/ml for irisin, 13.7 pg/ml for
adropin, and 15.3 pg/ml for preptin. Values lower than the
sensitivity limit were assigned values by extrapolation of the
standard curves generated for each set of sample assays.

Statistical Analysis

Patient baseline characteristics and operative outcomes were
evaluated by descriptive statistics. Quantitative variables were
reported as means =+ standard deviation if normally distributed,
or medians and interquartile range if not normally distributed.
Qualitative data were reported as frequencies and percentages.
Ranges were also reported. Peptide concentrations were
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reported as medians and interquartile ranges because of the
non-normal distribution of preptin and adropin values before
surgery and of irisin and preptin at the 6-month follow-up.
Qualitative variables were compared by the chi-squared test.
Quantitative variables were compared by Student’s ¢ test if
they were normally distributed, or the Mann—Whitney U test
and Wilcoxon signed-rank test if not normally distributed.
Multiple regression analysis was performed with age, sex,
BMI, EBW, serum glucose, total cholesterol, HDL cholester-
ol, LDL cholesterol, triglycerides, and HbAlc to determine
the association with serum peptide concentration before and
after surgery. The statistical analysis was performed with
Statistica 12.5 (https://www.tibco.com/products/data-
science). p values < 0.05 were considered significant.

Results
Patient Characteristics

Fifty-five morbidly obese patients, 45 women (82%) and ten
men (12%, p <0.0001), age 42.4+9.7 years and BMI 45.7 +
5.7 (range 36.3-62.5) kg/m?, with bariatric surgery were eval-
uated. Twenty-five (45%) experienced laparoscopic sleeve
gastrectomy (LSG) and 30 (54%) experienced laparoscopic
adjustable gastric banding (LAGB, p >0.05). LSG patients
were 44.9+9.1 years of age and had a BMI of 49.9 +
5.3 kg/m”. Eighteen (72%) were women. LABG patients were
40.3+9.87 years of age and had a BMI of 42.2 +3.3 kg/m*
(p<0.0001). Twenty-seven (90%) were women. Forty-six
(83.6%) patients were re-evaluated 6 months after surgery.
The control group included 15 non-obese, age-matched par-
ticipants, seven women (46.7%) with a mean age of 38.7 +
6 years and BMI of 23.2+ 2.1 kg/m?. The patient characteris-
tics at baseline and at 6 months after surgery are shown in
Table 1. Six months after surgery, body weight, BMI, and
EBW were significantly reduced compared with baseline.
EBW was 41.2+11.9%. HbAlc and triglycerides were sig-
nificantly lower than baseline, total cholesterol levels did not
differ, and both LDL- and HDL cholesterol significantly in-
creased (Table 1).

Serum irisin, preptin, and adropin were assayed at baseline
and at 6 months after surgery. Baseline serum irisin was sig-
nificantly lower in obese patients than in healthy controls and
adropin and preptin levels in obese patients were comparable
with those in controls. Of all three peptides increased in the 6
months after surgery, the difference was significant only for
irisin (p = 0.02) and adropin (p = 0.000001). The difference in
preptin level was borderline (p =0.051, Table 2 and Figs. 1
and 2). The changes were bidirectional. Irisin and preptin both
decreased in 19 (41%) patients and both increased in 27
(59%). Adropin decreased in six patients (13%) and increased
in 40 (87%, Table 3).
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Comparison of patients with increased versus decreased
irisin, preptin, or adropin concentrations at 6 months revealed
that the baseline serum peptide values in the two subgroups
were different (Table 3). Patients with a rise in serum irisin at
6 months had significantly lower baseline serum irisin (p =
0.001) and lower HbAlc than those with a decrease at
6 months (p=0.023, Fig. 2a). Patients with rise in serum
preptin at 6 months had significantly lower baseline serum
preptin (p =0.002, Fig. 2b). Patients with a rise in serum
adropin at 6 months had significantly lower baseline serum
adropin (p =0.0018) and were younger (p =0.018, Fig. 2c).
Serum irisin, preptin, and adropin values at baseline and
follow-up in LABG patients were not significantly different
from those in LSG patients (data not shown).

Multiple regression including age, sex, BMI, EBW, serum
glucose, total cholesterol, HDL cholesterol, LDL cholesterol,
triglycerides, and HbA1c found that EBW, HbA lc, total cho-
lesterol, LDL cholesterol, and triglycerides were associated
with preoperative serum irisin (p =0.0064), but not adropin
or preptin. Multiple regression analysis of postoperative pep-
tides found that EBW and BMI were independently associated
with serum preptin (p =0.02 and 0.01, respectively), but the
association was not significant when all above-mentioned fac-
tors were taken together.

Discussion

In this study, serum irisin, preptin, and adropin in obese pa-
tients before and after bariatric surgery were compared with
values in healthy normal-weight control participants. Serum
irisin at baseline was significantly lower in obese patients than
in control participants, but the difference was no longer sig-
nificant 6 months after bariatric surgery. At 6 months, both
serum irisin and adropin had significantly increased. Preptin
also increased, but the difference from baseline was of border-
line significance. The changes from before to after surgery
were bidirectional. For each of the three peptides, the baseline
value before surgery was significantly associated with the
subsequent increase or decrease in serum level after surgery.
The study results are in line with those reported by Lee et al.
who reported bidirectional changes 1 month after Roux-en-Y
gastric bypass surgery, with elevations of serum irisin at
9 months, but not at 1 month, associated with lower preoper-
ative levels. Preptin and adropin were not studied [16]. Our
results and those of Lee et al. indicate that preoperative serum
levels of peptides like irisin influence the increase that occurs
in response to the postoperative reduction in body mass. In
this study, the preoperative HbAlc percentages in patients
with increased and decreased postoperative serum irisin were
different. Preoperative HbA 1c was significantly higher in pa-
tients with high preoperative serum irisin that decreased fol-
lowing surgery, indicating that impaired glucose metabolism
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Table 1 Characteristics of the
obese study population at baseline Characteristics Median and IQR or mean + SD Range p value
and at 6 months after surgery
Age (years) 42.4+9.7 21-61
Weight (kg)
Baseline 128.8+17.8 95-163 »<0.00001
6 months postoperative 101+£13.5 69-127
BMI (kg/m?)
Baseline 45.7+5.7 36.3-62.5 »<0.00001
At 6 months 358+39 27.3-43.6
EBW
Baseline 67.8+15.8 42.8-101.8 »<0.00001
At 6 months 41.4+143 (15.9-104)
WHR
Baseline 0.8+0.05 0.79-1.01 p=0.000009
At 6 months 0.92+0.06 0.8-1.1
%EWL
At 6 months 41.2+11.9 7.1-68.7
HbAlc (%)
Baseline 5.34(5.2-6.2) 49-9.5 »<0.0004
At 6 months 5.4 (5.1-5.6) 4.7-7.8
Glucose fasting (mg/dl)
Baseline 5.34 (4.94-6.04) 4.31-9.64 p=028
At 6 months 5.67 (5.18-6.12) 4.48-10.9
Total cholesterol (mg/dl)
Baseline 194 (183.5-229.5) 129-268 p=ns
At 6 months 208.5 (178-223) 106-303
HDL cholesterol
Baseline 49 (42-56) 35-81 p=0.003
At 6 months 53 (48-59) 36-123
LDL cholesterol
Baseline 111.6+£37.8 38-177 p=0.004
At 6 months 129.8+38.9 11-207
Triglycerides (mg/dl)
Baseline 146 (105-187) 58-575 p=0.001
At 6 months 109.5 (88-150) 61-224

BMI body mass index, EBW excess body weight, WHR waist-hip ratio, EWL excess weight loss, HbA ¢ glycated
hemoglobin, HDL high-density lipoprotein, LDL low-density lipoprotein

may be related to irisin production and its change after reduc-
tion in body mass. A study by Shoukry et al. reported an
association of irisin production and type 2 diabetes mellitus
(T2DM), with a decrease in serum irisin in obese patients with
T2DM but not in healthy controls and higher serum irisin in
obese than in lean controls [12]. A systematic review and
meta-analysis of 23 studies reported that circulating irisin con-
centrations were significantly lower in T2DM patients than in
controls without T2DM [21]. If relatively low serum irisin has
unfavorable effects on glucose and lipid metabolism, then the
study results indicate that a history of T2DM may inhibit
desirable effects of postoperative body mass reduction on
irisin production. Preoperative serum irisin was lower in obese

patients than in control participants, but at 6 months after
surgery, the difference was no longer significant.
Preoperative EBW, HbAc, total cholesterol, LDL cholester-
ol, and triglycerides levels were all significantly associated
with serum irisin before surgery. The result is consistent with
a role of irisin in lipid and glucose metabolism as discussed
above; however, EBW was the only anthropometric variable
that was associated with irisin level. The postoperative analy-
sis found no significant associations of patient variables and
irisin level. Several previous studies have investigated chang-
es in serum irisin after body mass reduction. Fukushima et al.
found no significant changes in serum irisin after body mass
reduction resulting from diet, exercise therapy, and cognitive
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Table 2 Serum irisin, preptin,
and adropin before and after
bariatric in obese patients and
control participants

behavioral therapy [13]. However, the reduction in BMI of
2.4 kg/m* was less than 9.96+4.3 kg/m” in our study.

Obese before operation

Obese at 6 months after
operation

Controls

Irisin (pg/ml)

Preptin
(pg/ml)

Adropin
(pg/ml)

1.54 (1.24-1.75;
0.75-2.81)

15.6 (7.5-20.5;
2.4-50.7)

255 (212-327; 63-707)

1.7 (1.42-2.03; 0.82—4.6)*
22 (8.9-30.5; 3.2-54.6)

578 (341-737; 131-1250)°

1.77 (1.56-2.15; 1.19-3.3)"
9.2 (5.2-14.06; 4.3-60.6)*

247.2 (179.2-353.3;
120-464.4)"

Values are medians, interquartile range, and total range

CON controls

*p =0.02 vs. before surgery

T p=0.02 vs. obese before surgery

¥p=0.016 vs. obese 6 months after surgery

§ p=0.00001 vs. obese before surgery

"p=0.0001 vs. obese at 6 months after surgery

Demirpence et al. found no change in serum irisin after sleeve
gastrectomy, but the follow-up was at 3 months, which was

p=0.076

p=0.016
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Fig. 1 Serum irisin (a), preptin (b), and adropin (c) in obese patients before surgery (pre), 6 months after surgery (after-6), and in controls (CON). Data
are medians, interquartile, and total ranges
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Fig. 2 Changes in irisin (a), preptin (b), and adropin (c¢) in obese patients stratified by the direction of serum-level change

shorter than the 6 months in our study [11]. Majorczyk et al.
reported stable irisin levels at 6 and 12 months after LSG or
laparoscopic Roux-en-Y gastric bypass [15]. Lee at al. found
that preoperative serum irisin concentration was significantly
correlated with the percentage of body weight lost in 1 year,
suggesting that preoperative irisin might be at least in part
associated with weight loss following bariatric surgery in mor-
bidly obese patients [16]. We conclude that bariatric surgery
might restore impaired irisin production but the effect depends
on glucose and lipid metabolism. In some patients, irisin
levels decreased despite successful body mass reduction.
Baseline serum adropin concentrations in the bariatric sur-
gery patients and control participants were similar, but the con-
centration increased had significantly increased at 6 months in
patients compared with controls. The changes of adropin serum
levels after surgery were bidirectional, but unlike irisin and
preptin, an increase was observed in 87% of the patients. The
results suggest that obesity may not impair adropin production
and that body mass reduction may increase production, enhanc-
ing the effect of surgery. The results is in line with a previous
report of increased serum adropin after body mass reduction
with 8 weeks of exercise training in obese elderly people [22]

and 3 months after Roux-en-Y gastric bypass in overweight and
obese adults [19]. Patients with an increase in serum adropin
after surgery were younger than those with a decrease, but
serum adropin was not significantly correlated with age as re-
ported by Butler et al. who reported a negative correlation of
adropin serum levels and age [19]. The relationship of age and
serum adropin requires additional study.

The changes in serum preptin were similar to those of
adropin. Although comparable to controls before surgery,
preptin increased in the 6 months after surgery, but with bor-
derline significance. Like irisin and adropin, change in preptin
level after surgery was bidirectional. Multiple regression anal-
ysis found that EBW and BMI at 6 months were independent-
ly associated with serum preptin level, but the association as
not significant when all patient characteristics were evaluated
together. To the best of our knowledge, there are no other
studies on the changes in preptin production after body mass
reduction. Postoperative changes in preptin need further in-
vestigation in a larger sample size over a longer period of
observation.

The changes of serum irisin, preptin, and adropin were not
related to the type of bariatric surgery; the baseline and follow-
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Irisin, preptin, and adropin levels 6 months after surgery stratified by the direction of serum-level change

Table 3

Adropin

Preptin

Irisin

—

N=6%

N=19

N=27

N=19

399.5 (351-509; 249-690)
242.2 (186-329; 165-340)

220 (149-292; 63-707)

20.5 (15.1-35.1; 7.5-50)
9.1 (6.1-12.7; 3.2-29.7)

11.5 (7.6-18.7; 3.4-41.7)

31.3(22.8-41.2; 8.3-54.6)

1.66 (1.51-2.1; 0.99-2.81)
1.4 (1.15-1.56; 0.82-1.96)

1.36 (1.19-1.58; 0.75-2.31)
1.96 (1.47-2.7; 1.04-4.6)

Before operation
At 6 months

622 (432-743; 225-1250)

0.001 number of patients with decrease vs. increase in serum adropin

#p =

up results in patients with LABG and LSG before and after
surgery were similar. Irisin, adropin, and preptin levels were
higher 6 months after bariatric surgery than at baseline. The
changes in each of the three peptides were bidirectional. We
conclude that in some patients, body mass reduction may re-
store impaired production of energy regulating peptides that
may add to the benefits of the bariatric procedure. Studies are
ongoing to assess the changes at 12 and 24 months after sur-
gery to determine whether the changes associated with the
reduction of body mass are transient or permanent.
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