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Abstract Background: Laparoscopic Roux-en-Y gastric bypass (LRYGB) and laparoscopic sleeve gastrec-
tomy (LSG) lead to rapid improvement in insulin sensitivity even before weight loss occurs.
Adipokines are closely linked to obesity and insulin resistance. To date, it is unclear whether the
different anatomic changes of the various bariatric procedures have different effects on hormones of
adipocyte origin. In the present prospective, randomized study, we compared the 1-year follow-up
results of LRYGB and LSG concerning weight loss, metabolic control, and fasting adipokine levels.
Methods: Of 23 nondiabetic morbidly obese patients, 12 were randomized to LRYGB and 11 to
LSG. The patients were investigated before and 1 week, 3 months, and 12 months after surgery. The
fasting levels of glucose, insulin, lipids, and adipokines (leptin, adiponectin, and fibroblast growth
factor-21) were analyzed.
Results: The body weight decreased markedly (P �.001) after either procedure (percentage of
weight loss 16.4% � 1.3%, 24.8% � 1.7%, and 34.5% � 2.7% after LRYGB and 13.1% � 1.1%,
20.7% � 1.5%, and 27.9% � 2.6% after LSG at 2, 6, and 12 mo, respectively). The Homeostasis
Model Assessment Index declined from 8.0 � 1.5 preoperatively to 2.9 � .2 at 12 months after
LRYGB and from 7.5 � 1.7 preoperatively to 3.3 � .3 at 12 months after LSG. The lipid profiles
were normalized. The concentrations of circulating leptin levels decreased by almost 50% as early
as 1 week postoperatively and continued to decrease until 12 months postoperatively. Adiponectin
increased progressively. The fibroblast growth factor-21 levels did not change over time. No
difference was found between the LRYGB and LSG groups.
Conclusion: Both procedures led to significant weight loss associated with the resolution of the
metabolic syndrome. The serum leptin levels decreased and adiponectin increased with weight loss,
paralleled by improved insulin sensitivity. (Surg Obes Relat Dis 2011;7:561–568.) © 2011
American Society for Metabolic and Bariatric Surgery. All rights reserved.
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Bariatric surgery is the most effective treatment of mor-
bid obesity and, depending on the type of operation, also
very effective in the resolution of diabetes. This effect often
occurs even before weight loss begins owing to changes in
the gut hormones [1] and the patient’s diet. Laparoscopic
Roux-en-Y gastric bypass (LRYGB), now the preferred
bariatric operation, involves 2 surgical alterations: restric-
tion of the gastric volume and diversion of the ingested
nutrients away from the proximal small intestine. In con-
trast, laparoscopic sleeve gastrectomy (LSG) preserves the
integrity of the pylorus and does not include the intestinal
bypass. LSG is the restrictive part of the biliopancreatic
diversion/duodenal switch and was initially applied as an
isolated operation for superobese patients with severe co-
morbidities as a staged concept [2]. It is mainly a restrictive
operation with no malabsorptive effect. The long-term re-
sults of LSG are not yet available; however, the weight loss
in the first postoperative years has been promising [3,4]. In
a recent prospective, randomized study, we examined the
effects of LRYGB on weight loss and improvement in
glycemic control and compared the results with those for
LSG. Both bariatric procedures improved glucose homeo-
stasis very early after surgery, and the improvement con-
tinued with increasing weight loss for �1 year. These
changes were associated with greater insulin sensitivity and
increased glucagon-like peptide-1 and peptide YY levels
and reduced ghrelin levels after both procedures [5]. The
results are in line with the increasing recognition that bari-
atric surgery has an effect on appetite, metabolism, and
eating behavior. This could be relevant to the changes after
bariatric surgery in the circulating levels of peptides known
to influence fat stores and metabolism.

Leptin, first identified in 1994 [6], is an adiposity signal
reflecting the total fat mass and acts as an “adipostat” by
repressing food intake and promoting energy expenditure.
“Leptin resistance” was termed for a situation in which
increased adipose leptin production was observed in most
obese individuals without an adequate leptin-mediated end
organ response [7]. Leptin also modulates pancreatic �-cell
functions through direct actions [8,9] and indirectly through
central neural pathways [10,11]. Leptin improves peripheral
(hepatic and skeletal muscle) insulin sensitivity.

Adiponectin, also termed “adipocyte complement-related
protein,” was discovered in 1995, and, similar to leptin, is a
member of the adipocyte-secreted proteins termed “adi-
pocytokines” or “adipokines” [12]. This 244-amino acid
peptide regulates the metabolism of lipids and glucose by
increasing insulin sensitivity [13,14]. Evidence has shown
that adiponectin decreases with increasing body weight in
adults and that it reduces the risk of becoming overweight in
adults [15–18]. Bariatric surgery, in contrast, should be
associated with increasing levels of adiponectin.

Fibroblast growth factor-21 (FGF-21) is another novel
adipokine associated with obesity-related metabolic compli-

cations in humans [19]. The paradoxical increase of serum C
FGF-21 in obese individuals, which could be explained by
a compensatory response or resistance to FGF-21, warrants
additional investigation.

Mounting evidence has suggested that different adipo-
kines have multiple beneficial effects on metabolic control
after bariatric surgery. However, most information is obser-
vational, and it is unclear which mechanisms are involved in
improving glycemic control. LRYGB and LSG both im-
prove insulin resistance and have similar, but not identical,
effects on the gut hormones, as shown in our previous study
[5], owing to the important anatomic differences between
the 2 procedures. To date, it is unclear whether these dif-
ferent anatomic changes in LRYGB and LSG have different
effects on the hormones of adipocyte origin and whether
these changes occur parallel to the weight loss or, similar to
the gut hormones, even before weight loss occurs.

Our objectives were, therefore, to analyze in a prospec-
tive, randomized study design the relationship among
weight, circulating adipokines, lipid profiles, and insulin
sensitivity in morbidly obese subjects before and after
LRYGB and LSG.

Methods

Patients

All studies were performed according to the principles of
the Declaration of Helsinki and were approved by the local
research and ethics committee in Basel, Switzerland. Mor-
bidly obese patients were evaluated for bariatric surgery by
an interdisciplinary team and were included in the present
study if they fulfilled the criteria for bariatric surgery in
Switzerland (body mass index [BMI] �40 kg/m2 with co-

orbidity, age �60 yr, 2 yr of unsuccessful conservative
reatment, and approval for surgery by their health insur-
nce). Patients with diabetes, extensive hiatal hernias, and
revious extensive abdominal surgery were excluded. All
atients were informed in detail about the risks and benefits
f each operation and provided written informed consent.
omputer-generated random numbers were used to assign

he type of surgery (LRYGB or LSG). The surgery type was
ritten on a card sealed in a completely opaque envelope.
he LRYGB technique included a 150-cm antecolic Roux

imb with a 25-mm circular pouch-jejunostomy, and exclu-
ion of 50 cm of the proximal jejunum. For LSG, the
ongitudinal resection of the stomach from the angle of His
o approximately 3–4 cm orally to the pylorus was per-
ormed using a 35F bougie inserted along the lesser curva-
ure. All operations were performed laparoscopically by the
ame surgeon.

tudy design

The present study was conducted as a randomized, pro-
pective, parallel-group trial (Clinical Trial Registration:

linicalTrials.gov NCT00356213). The primary outcome

http://www.clinicaltrials.gov
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measures of this ongoing study were the effectiveness and
safety of the 2 procedures. In the present subgroup, the
hormonal changes were analyzed as secondary outcome
measures. All patients underwent a complete evaluation
before surgery and during follow-up, including medication
use, nutritional behavior, anthropometric and clinical pa-
rameters, and blood sampling for glucose, triglycerides,
cholesterol, and other laboratory tests. The study details
have been previously published [5].

The blood samples (10 mL/withdrawal) were collected
on ice into ethylenediaminetetraacetic acid tubes containing
aprotinin at a final concentration of 500 kIU/mL of blood
and a dipeptidyl peptidase IV inhibitor. The samples were
immediately processed and kept on ice to retard the break-
down of peptides. After centrifugation at 4°C, the plasma
samples were kept frozen at �20°C until analysis.

Hormones

The following fasting parameters were measured: leptin,
adiponectin, FGF-21, and insulin. In addition, the fasting
triglyceride, cholesterol, and glucose concentrations were
measured.

Leptin was measured using a commercial radioimmuno-
assay (Millipore, Billerica, MA). The antiserum is specific
for human leptin (cross-reactivity for rat and mouse leptin
�.2%), with no known cross-reactivity to other peptides,
including human insulin, proinsulin, c-peptide, glucagon, or
insulin-like growth factor-1. The lowest level of leptin that
can be detected by this assay is .5 ng/mL when using a
100-�L sample size. The intra-assay coefficient of variation
at 10.0 ng/mL was 3.9%, and the interassay coefficient of
variation at the same concentration was 4.7%.

Adiponectin was measured using a commercial radioim-
munoassay (Millipore). The antiserum is specific for adi-
ponectin, with no known cross-reactivity to other circulat-
ing cytokines or peptides. The lowest level of adiponectin
that can be detected by this assay is 1 ng/mL using a 100-�L
ample size. The intra-assay coefficient of variation at 3.0

�g/mL was 6.2%, and the interassay coefficient of variation
at the same concentration was 6.9%.

FGF-21 was measured with a specific radioimmunoassay
(Phoenix Pharmaceutical, Burlingame, CA). The antiserum
used for this assay was raised against a synthetic form of the
peptide and has 100% cross-reactivity with human FGF-21
but does not cross-react with fragments of human FGF-21,
adiponectin, visfatin, leptin, retinol binding protein-4, or
resistin. The half maximal inhibitory concentration was 2.5
ng/mL using a 100-�L sample. The intra-assay and inter-
assay coefficients of variation were both �10%.

Insulin was measured using a commercial radioimmuno-
assay (Cisbio International, Bagnols, France). The lowest
level of insulin that can be detected with this assay is 4.6

�U/mL using a 100-�L sample. The intra-assay coefficient 3
of variation was 12.2%, and the interassay coefficient of
variation was 9.0%.

The blood glucose concentrations were measured using a
commercial hexokinase-glucose-6-phosphate-dihydroge-
nase method (Roche, Basel, Switzerland).

Lipids were analyzed using a COBAS automatic ana-
lyzer (Roche AG, Basel, Switzerland) at the central labora-
tory of the University Hospital, Basel.

Body composition

In all patients, the total body fat mass and lean body mass
were determined using dual-energy x-ray absorbtiometry
(QDR 4500A, Hologic, Bedford, MA) preoperatively and at
12 months postoperatively.

Statistical analysis

Statistical analysis was performed using the Statistical
Package for Social Sciences, for Windows, version 15.0
(SPSS, Chicago, IL). The values are reported as the mean �
standard error of the mean. Differences were considered
statistically significant at P �.05. Descriptive statistics were
used for demographic variables, such as age, weight, height,
and BMI. Differences between groups in the baseline char-
acteristics were tested using the Student unpaired t test.

asting hormone concentrations were analyzed by calculat-
ng the time course, and the general linear model procedure
f repeated measurements (between-subject factor: treat-
ent, simple contrast) was used to test for significant dif-

erences between the treatments and longitudinal changes
rom baseline (preoperative). In the case of significant dif-
erences between the treatment groups, direct comparisons
ere performed using the Student unpaired t test and Bon-

erroni-Holm correction to adjust for multiplicity of testing.

esults

After randomization, 12 patients underwent LRYGB and
1 LSG. All procedures were successfully concluded lapa-
oscopically with no conversion to open surgery. The de-
ographic characteristics of the 2 groups of patients are

isted in Table 1. Both groups had a similar preoperative
ody weight and BMI. All patients had undergone a com-
lete evaluation at all points of follow-up.

linical characteristics

Both procedures were followed by a marked reduction
n body weight and BMI (P �.001; Table 2 and Fig. 1).
he LRYGB group had lost 46 � 5.1 kg at 1 year
ostoperatively, and the LSG group, 33.9 � 3.7 kg (P �
S). This corresponded to 16.4% loss of the initial body
eight at 3 months and 34.5% at 12 months after LRYGB

ompared with 13.1% at 3 months and 27.9% at 12
onths after LSG. Accordingly, the BMI had decreased
ithin 12 months to 31.1 � 2.2 kg/m2 after LRYGB and

2.0 � 1.4 kg/m2 after LSG (both P �.001; Fig. 1). The
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fasting triglyceride concentrations decreased after both
procedures (P �.001 and P �.01). The total cholesterol
level remained stable; however, high-density lipoprotein
cholesterol increased and low-density lipoprotein choles-
terol decreased, resulting in a significant decrease in the
total cholesterol/high-density lipoprotein cholesterol ra-
tio (P �.001 and P �.001; Table 2). No difference was
ound between the 2 groups.

Table 1
Clinical patient characteristics

Parameter LRYGB (n � 12)

Age (yr) 41.4 � 2.9 (28–57
BMI (kg/m2) 47.6 � 2.0 (39.3–5
Weight (kg) 133.3 � 8.9 (98.0–2
Systolic blood pressure (mm Hg) 134.6 � 4.6 (110–1
Diastolic blood pressure (mm Hg) 88.3 � 3.4 (60–10
Hemoglobin A1c (%) 5.6 � .2
Fasting glucose (mmol/L) 5.8 � .2
Fasting insulin 30.0 � 4.9
HOMA index 8.0 � 1.5

LRYGB � laparoscopic Roux-en-Y gastric bypass; LSG � laparoscop
Assessment.

Data presented as mean � standard error of mean, with ranges in pare
P � .05 indicates significant difference (no significant differences betw

Table 2
Weight, weight loss, HOMA index, and lipid profile

Variable Preoperatively P

1

Weight (kg)
LRYGB (n � 12) 133.3 � 8.9 1
LSG (n � 11) 120.2 � 6.0 1

Weight loss (%)
LRYGB 0
LSG 0

OMA index
LRYGB 8.0 � 1.5
LSG 7.5 � 1.7

riglycerides (mmol/L)
LRYGB (n � 12) 1.6 � .1
LSG (n � 11) 2.2 � .5

otal cholesterol (mmol/L)
LRYGB 4.6 � .3
LSG 4.8 � .4

DL cholesterol (mmol/L)
LRYGB .8 � .1
LSG .8 � .1

DL cholesterol (mmol/L)
LRYGB 3.2 � .2
LSG 3.2 � .3

otal cholesterol/HDL cholesterol ratio
LRYGB 6.3 � .6
LSG 6.6 � .9

NA � not available; HDL � high-density-lipoprotein; LDL � low-den
Data presented as mean � standard error of mean.

* P �.001, † P �.01, ‡ P �.05 compared with preoperatively within group (no
etabolites and glucose tolerance status

The preoperative fasting glucose and insulin levels were
imilar in the 2 groups (Table 1), with both demonstrating
levated fasting insulin concentrations and basal insulin
esistance, as assessed by the Homeostasis Model Assess-
ent (HOMA) index (Tables 1 and 2). Postoperatively, the

asting glucose and insulin concentrations were reduced in
oth groups. The HOMA index had decreased after the first

LSG (n � 11) P value*

35.2 � 3.2 (22–47) .18
44.7. � 1.6 (39.1–56.0) .25
120.2 � 6.0 (88.0–146.0) .23
134.1 � 5.3 (110–170) .94

83.2 � 3.7 (70–100) .31
5.7 � .1 .72
5.7 � .3 .67

28.2 � 5.0 .79
7.5 � 1.7 .84

e gastrectomy; BMI � body mass index; HOMA � Homeostasis Model

ups detected).

atively (wk)

12 24 52

8.6* 111.1 � 7.0* 99.9 � 6.4* 87.3 � 7.0*
5.6† 104.4 � 5.3* 95.2 � 4.9* 86.3 � 4.7*

.7* 16.4 � 1.3* 24.8 � 1.7* 34.5 � 2.7*

.7† 13.1 � 1.1† 20.7 � 1.5† 27.9 � 2.6†

.4 3.4 � .3† NA 2.9 � .2†

.9 4.8 � .8 NA 3.3 � .3‡

.1 1.3 � .1‡ NA 1.0 � .1*

.2‡ 1.2 � .2‡ NA 1.2 � .2†

.3 4.0 � .2 NA 4.3 � .2

.4 4.4 � .3‡ NA 4.8 � .4

.1* .9 � .1 NA 1.2 � .1*

.1† .9 � .1‡ NA 1.1 � .1*

.2 2.6 � .2‡ NA 2.6 � .2‡

.4 3.0 � .2 NA 3.1 � .3

.8‡ 4.8 � .3‡ NA 3.6 � .2*
1.0 5.5 � .6 NA 4.7 � .6*

oprotein; other abbreviations as in Table 1.
)
6.9)
03.4)
70)
0)

ic sleev

ntheses.
ostoper

27.5 �
16.9 �

4.4 �
2.7 �

5.8 �
5.1 �

1.6 �
1.4 �

4.1 �
4.5 �

.5 �

.6 �

2.9 �
3.5 �

8.5 �
8.2 �

sity lip
significant differences found between groups at same points).
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week, already suggesting a rapid improvement in glycemic
control before any significant weight loss had occurred
(Table 2 and Fig. 2).

A further progressive improvement in the HOMA index
as observed postoperatively in both groups. Most subjects
ere found to be as insulin sensitive as lean, normal-weight

ubjects 1 year postoperatively (Table 2).

dipocytokines

The leptin levels were decreased as early as 1 week
ostoperatively and progressively decreased with weight
oss after surgery (Fig. 3). No significant difference was
een between the 2 groups. The leptin levels/kg of fat mass
ad significantly decreased at 1 year postoperatively in both
roups (Table 3). The leptin levels had decreased more than
he total fat mass after weight loss. The concentrations of
irculating adiponectin significantly increased with weight
oss after surgery (Fig. 3). The difference remained signif-
cant for both surgical procedures (Table 3). The median
alues of adiponectin/kg of fat mass increased during the
rst postoperative year threefold in both groups, and the
ifference was significant compared with the preoperative
alues. The adiponectin/kg fat mass was lower after LSG at
2 months, although the difference was not significant. The
GF-21 levels remained stable in both groups, indepen-
ently of the weight loss (range .35–.45 ng/mL; Fig. 4).

Discussion

The metabolic control of blood glucose levels largely
depends on the efficient action of insulin. These fundamen-
tal actions of insulin are defective in obesity, with develop-

Fig. 1. Weight loss (body mass index [BMI]). *P � .05 (significantly
different compared with preoperatively). �P � .05 (significantly different
ompared with preoperatively within LSG group). No significant differ-
nces between groups at same points detected.
ment of insulin resistance, as illustrated by an increased s
HOMA index (Tables 1 and 2) in our study population. As
previously observed, the LRYGB patients were expected to
improve rapidly (hindgut hypothesis). In contrast, the im-
provement in glucose homeostasis in the LSG patients was
expected to occur at a later stage, in association with weight
loss and caloric restriction, because the flow of nutrients
through the proximal small intestine is unchanged in this
group. We did, however, document a similar rapid improve-
ment after both procedures, suggesting that factors other
than duodenal bypass contribute to these changes [5].

Several adipokines have been associated with insulin
resistance. Leptin has, in addition to the regulation of food
intake, direct effects on the �-cell function of the pancreas
and modulates hepatic gluconeogenesis [20]. The adiponec-
tin levels, for example, have been shown to directly corre-
late with insulin sensitivity and to exert insulin-sensitizing
effects [13,14]. FGF-21 has been shown to have several

Fig. 2. (A) Glucose and (B) insulin. *P � .05 (significantly different
compared with preoperatively within LRYGB group). �P � .05 (signifi-
antly different compared with preoperatively within LSG group). No

ignificant differences between groups at same points detected.
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beneficial effects on diabetes and obesity in animal models.
For example, administration of recombinant FGF-21 allevi-
ates hyperglycemia, hyperinsulinemia, and dyslipidemia in
ob/ob and db/db obese mice and in diabetic monkeys. The
clinical relevance of these findings is not known [21,22].
Therefore, we were interested in examining whether an
improvement in glycemic control after 2 different bariatric
operations would be associated with appropriate changes in
the adipokine levels during a 1-year observation period.

The physiologic regulation of adiposity is thought to
depend on the endocrine “adiposity signals” that inform the
brain about the mass of adipose tissue. The basal levels of
insulin and leptin are widely accepted to be adiposity sig-
nals, just as are amylin, ghrelin, and peptide YY. These
hypotheses are supported by the associations between the
basal hormone levels and levels of adiposity, from the
identification of receptors for these hormones in neural

Fig. 3. (A) Adiponectin and (B) leptin. *P � .05 (significantly different
compared with preoperatively within LRYGB group). �P � .05 (signifi-
antly different compared with preoperatively within LSG group). No
ignificant differences between groups at same points detected.
circuits supposed to regulate energy homeostasis, from neu-
ropharmacologic manipulations of the hormones’ actions on
eating and energy expenditure, and from the effects on
energy balance in animals or humans with mutations in
these endocrine signaling pathways [23,24]. We confirmed
previous observations by documenting preoperative hyper-
insulinemia and hyperleptinemia, both of which are thought
to be the consequence of increased production in compen-
sation for obesity-associated resistance to insulin and leptin.
As shown in our previous study, in which we measured
meal-stimulated glucose, insulin, and gut hormones, an
early and marked increase in postprandial insulin concen-
trations was observed in both groups already at 1 week after
surgery [5]. Despite the marked insulin response, the sub-
jects did not experience hypoglycemia or symptoms of a
dumping syndrome after the test meal. The improvement in
the HOMA index continued during follow-up, and most
subjects were found to be as insulin sensitive as lean normal
weight subjects 12 months postoperatively. In parallel, the
fasting leptin levels had decreased as early as 1 week post-
operatively, before the weight loss had begun. The exact
mechanism for this fat mass-independent decrease is un-
known. Korner et al. [25] compared the leptin levels of
LRYGB patients with those from patients who had under-
gone laparoscopic adjustable gastric banding. The latter
operation is purely restrictive and does not include any
anatomic changes of the upper gastrointestinal tract [25]. At
2 weeks after laparoscopic adjustable gastric banding, a
significant decrease had occurred in leptin; however, the
levels did not decrease further despite continued weight
loss. The leptin levels after LRYGB had also decreased
significantly after 2 weeks but continued to decrease until
week 26 and showed stabilization from then on to week 52.
Thus, the circulating leptin concentrations do not have to be
proportional to the mass of white adipose tissue when a
steady-state situation is not present [26]. This observation
has been made in rodents. When the animals are undergoing
dynamic weight change (i.e., a rapid increase or loss in
weight), the leptin levels will not correlate with the adipose
tissue mass [27,28]. Our study results have demonstrated
that this pronounced early leptin decrease also occurs in
humans. Leptin continues to decrease within the first post-
operative year after both operations (Fig. 3); however, the
leptin blood levels/kg of fat mass, as measured by dual-
energy x-ray absorbtiometry, decreased significantly after a
weight loss of 30% (Table 3).

In contrast to leptin and other adipokines, adiponectin
levels are decreased in obesity, as confirmed preoperatively
in the present study. Therefore, it is not surprising that
adiponectin levels steadily increased over time, paralleled
by the weight loss, with maximal concentrations obtained at
12 months after surgery (Fig. 3). No significant differences
in adiponectin levels were seen between the 2 surgical
procedures; rather, the concentrations reflected the improve-
ment in insulin sensitivity. The exact mechanisms leading to

changes in adiponectin concentrations are not known.
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In the present study, we failed to observe any changes in
the serum levels of FGF-21. More importantly, we were
unable to confirm a positive association of serum FGF-21
levels with insulin resistance. The latter improved steadily
for 1 year in all patients; however, the FGF-21 levels re-
mained unchanged. Earlier studies suggested that elevated
serum FGF-21 levels contributed to insulin resistance or
reflected the effects of obesity on insulin and/or FGF-21
sensitivity [19,29]. Not all subsequent studies have con-

rmed this hypothesis [30,31]. One interesting recent study,
assessing the plasma levels of FGF-21 in different human
subjects, reported that the interindividual variation in
plasma FGF-21 levels was considerable, ranging from 21 to
5300 pg/mL (mean 450, median 156). In that cohort, no
difference was found in the FGF-21 levels between genders,
and no correlation was found with the BMI, age, blood
glucose, serum lipids, or markers for bile acid and choles-
terol synthesis [32]. Thus, the role of FGF-21 in humans
remains unclear and warrants additional investigation. We

Fig. 4. FGF-21. No significant differences between groups at same points

Table 3
Total fat mass, glucose, insulin, and adipokines

Variable LRYGB

Baseline

Total fat mass (kg) 54.3 � 5.5
Glucose (mmol/L) 5.8 � .2
Insulin (�g/mL) 30.0 � 4.9
Leptin (ng/mL) 45.7 � 3.3
Leptin/kg fat mass (ng/mL/kg) .94 � .09
Adiponectin (�g/mL) 5.6 � .7
Adiponectin/kg fat mass (�g/mL/kg) .11 � .03
FGF-21 (ng/mL) .38 � .03

Abbreviations as in Table 1.
Data presented as mean � standard error of mean.
* P �.001, † P �.01, ‡ P �.05 compared with preoperatively within gr
detected.
infer from the present results that the association of serum
FGF-21 with obesity and the metabolic syndrome is not as
strong as that of other biomarkers, such as fasting insulin,
leptin, or adiponectin. It is doubtful whether serum FGF-21
has any additive value to that of other classic biomarkers
and/or risk factors in the prediction of the metabolic syn-
drome.

Conclusion

The results of the present study have confirmed an inti-
mate association of specific adipokines with obesity and
with the changes observed with weight loss after 2 different
bariatric surgical procedures with different anatomic
changes to the azgastrointestinal tract. The changes ob-
served are complex. The leptin levels were much greater
before surgery and had already decreased 1 week postoper-
atively, similar to the improved glycemic control after bari-
atric surgery. The improved glycemic control did not par-
allel the amount of weight loss but was associated with
changes in incretin levels shortly after surgery. The results
support the hypothesis that leptin reflects the total fat mass
only in steady-state conditions but not in states of rapid
weight changes, such as bariatric surgery. The serum adi-
ponectin concentrations, in contrast, were decreased before
surgery and increased with progressive weight loss after
both surgical procedures. No difference was seen between
the 2 procedures, LSG and LRYGB, regarding the effect on
adipokines. Thus, the different anatomic changes in the
gastrointestinal tract of these 2 bariatric operations do not
seem to influence the effect on adipokines.
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