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Objective: Adiponectin is an adipocytokine secreted into
circulation in three isoforms. The aim of the study was to
investigate changes of adiponectin isoforms during pro-
found weight loss and its relation to anthropomorphometric
and metabolic parameters.

Research Methods and Procedures: Thirteen severely
obese female subjects were examined before and 1 year
after surgical treatment. Total adiponectin was determined
by radioimmunosorbent assay, and oligomer composition
was detected by nondenaturing Western blot.

Results: BMI decreased substantially (p < 0.001), which
was associated with an increase of total adiponectin from
129 = 59 to 143 *£ 6.1 pg/mL (p = 0.055). Medium
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molecular weight (MMW) adiponectin increased from
7.5 £3.6t09.1 = 4.1 ug/mL (p = 0.009), whereas high
(HMW) and low molecular weight adiponectin remained
unchanged. A values of total adiponectin correlated signif-
icantly with A values of anthropometric parameters. Similar
correlations were found for A values of MMW (A weight:
= 0.4132, p = 0.0178; A BMI: * = 0.3319, p = 0.0393;
A fat mass: * = 0.5202, p = 0.0054).

Discussion: Thus, profound weight loss was associated
with an increase in total adiponectin, which was mainly and
consistently caused by increases in MMW adiponectin (p =
0.009). These changes result in a shift from low molecular
weight to MMW and HMW adiponectin isoforms, which
may be related to improvements in both anthropometric and
metabolic parameters.
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Introduction

Excess body weight is among the most important risk
factor contributing to the overall burden of disease world-
wide (1). More than 1 billion adults and 10% of children are
now classified as overweight or obese (2,3). As a conse-
quence, average life expectancy is diminished in these sub-
jects (4). Surgical intervention is generally considered an
efficient method to reduce body weight in severely obese
subjects and can be considered as a model to study the
effects of pronounced weight loss on metabolism (5-9). In
recent long-term studies, decreased mortality and morbidity
(10), improved quality of life (11,12), and amelioration of
most risk factors were reported (13,14).

Adiponectin, the most abundant adipocytokine, has been
proposed to have a wide range of biological activities
(15,16). Recently three major forms of circulating adiponec-
tin have been separated (17,18), which were classified as
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high (HMW),' medium (MMW), and low molecular weight
(LMW) adiponectin. In obesity, plasma levels of adiponec-
tin are decreased (19), and recent studies even show changes
in adiponectin isoform composition (17). Reduced levels of
HMW adiponectin are associated with upper body fat dis-
tribution, insulin resistance, impaired lipid oxidation, and
dyslipidemia (20). The effect of moderate weight loss on
adiponectin multimers resulted in a relative increase of
HMW/MMW adiponectin ratio and a reduction of LMW
adiponectin (17). Total adiponectin correlated significantly
with high-density lipoprotein (HDL)-cholesterol after
weight loss and was also found to be correlated between
absolute HMW, MMW, and LMW adiponectin and HDL-
cholesterol after weight reduction (17). In fact, the MMW
and HMW isoforms seem to mediate most of the biological
activities of total adiponectin (17,20,21).

The aim of this study was to analyze the effect of pro-
nounced weight loss induced by restrictive, nonmalabsorp-
tive bariatric surgery on adiponectin isoforms and to inves-
tigate relationships between adiponectin isoforms and
anthropomorphometric and metabolic parameters in a pro-
spective study design.

Research Methods and Procedures

Subjects

A total of 13 women with a BMI >35 kg/m? with
comorbidities or a BMI >40 kg/m?” participated voluntarily
in this prospective study. The patients were recruited con-
secutively since 2002. Exclusion criteria included second-
ary causes of obesity, pregnancy, and lipid-lowering or
antipsychotic medication. Diabetic patients were also ex-
cluded because of the insulinotropic nature of many of the
antidiabetic drugs, which would interfere with the ho-
meostasis model assessment (HOMA) index (22). The study
subjects were examined within a 2-month period before
laparoscopic adjustable gastric banding (LAGB) and 1 year
after LAGB. Because this study is prospective and restricted
to women, only a limited number of patients undertook the
examination after 1 year. For all of the patients, this was the
first bariatric surgery, and none of them was reoperated.
Informed consent was obtained from all subjects. All pro-
cedures were performed in accordance with institutional
guidelines of the Clinical Division of General Internal Med-
icine at the Medical University Innsbruck, and the local
ethical committee approved the study.

Surgical Procedure
The surgical procedures were performed at the Depart-
ment of Surgery, Medical University Innsbruck, as previ-

! Nonstandard abbreviations: HMW, high molecular weight; MMW, medium molecular
weight; LMW, low molecular weight; HDL, high-density lipoprotein; HOMA, homeostasis
model assessment; TG, triglyceride; LAGB, laparoscopic adjustable gastric banding.

ously described by Forsell (23). The Swedish Adjustable
Gastric Band was inserted in all of the study patients
(SAGB Obtech Medical AG, Zug, Switzerland) (24-26).

Body Composition

Body composition (lean mass, fat mass) was determined
by impedance analysis using InBody 3.0 Body Composition
Analyzer from Biospace Europe (Dietzenbach, Germany)
with an integrated scale. Patient height was measured to the
nearest 0.1 cm, and BMI was calculated as body weight in
kilograms divided by height in meters squared using the
software Lookin Body Version 1, Body Composition Anal-
ysis Data Management System. All measurements were
taken in the morning in the fasting state by a medical doctor.

Analyses

Blood was drawn after an overnight fast from the ante-
cubital vein into EDTA tubes (1.6 mg/mL) by a medical
doctor. Plasma was separated from erythrocytes by centrif-
ugation at 3000 rpm for 10 minutes at 4 °C immediately
after collection. Plasma samples were stored at —80 °C until
assayed.

Plasma triglycerides (TGs), total cholesterol, and HDL-
cholesterol were quantified using a commercially available
enzymatic kit (Roche Diagnostic Systems, Basel, Switzer-
land). Low-density lipoprotein-cholesterol was calculated
using the Friedewald formula (27). Plasma glucose was
measured by the hexokinase method on a Cobas, MIRA
analyzer (Hoffmann-La Roche, Basel, Switzerland). Plasma
insulin was measured by a microparticle enzyme immuno-
assay from Abbott (Wiesbaden, Germany). Total adiponec-
tin levels were determined by a radioimmunoassay (Linco
Research, St. Charles, MO). Serum insulin resistance was
calculated by the HOMA index as follows: HOMA-IR =
fasting insulin X plasma glucose/22.5 (22).

Determination of Adiponectin Oligomers

Samples were analyzed in a randomized and blinded
fashion in the laboratory of the Department of Clinical
Nutrition, German Institute of Human Nutrition Potsdam-
Rehbruecke, Nuthetal, Germany. Sodium dodecyl sulfate-
polyacrylamide gel electrophoresis, immunoblotting, densi-
tometry analyses of adiponectin oligomers, and calculations
of the relative distributions were performed as described
previously (17,18).

Statistical Analyses

Data are expressed as mean = SD. The Shapiro-Wilk test
was used to determine normal distribution of the data.
Because most data were not normally distributed, the Wil-
coxon test for paired samples was used to determine signif-
icant changes before and after LAGB. To assess correlations
between data, the Spearman p correlation coefficient was
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Table 1. Body composition, glucose, and lipid parameters of the

study population*

Pre-LAGB Post-LAGB
(n =13) (n =13) P

Age (years) 38.2 = 13.7

Height (cm) 165.5 = 0.1

Weight (kg) 112.7 £ 12.8 95.0 = 16.4 <0.001
BMI (kg/m?2) 412 +29 344 =48 <0.001
Fat mass (kg) 533 £ 8.6 38.2+99 <0.001
Lean mass (kg) 594 +£52 56.8 + 7.7 0.050
Systolic blood pressure (mm HG) 129.1 £ 17.6 122.1 = 22.1 0.854
Diastolic blood pressure (mm HG) 80.1 = 11 823 £ 11 0.144
Creatinine (mg/dL) 0.81 = 0.21 0.76 = 0.15 0.221
Glucose (mg/dL) 99.1 = 28.5 925*+94 0.875
Insulin (wU/mL) 20.0 = 20.3 9.7 £6.3 0.026
HOMA-IR 5.1 £6.0 2114 0.033
TGs (mg/dL) 176.6 = 167.7 102.8 = 48.3 0.039
Total cholesterol (mg/dL) 213.7 =534 186.6 = 18.2 0.033
LDL-cholesterol (mg/dL) 119.2 = 23.6 110.2 £ 13.9 0.386
HDL-cholesterol (mg/dL) 54.7 = 10.9 55.8 = 10.0 0.727

LAGB, laparoscopic adjustable gastric banding; HOMA-IR, homeostasis model assessment of insulin resistance; TG, triglyceride; LDL,

low-density lipoprotein; HDL, high-density lipoprotein.
* Data are expressed as means * standard deviation.
T p Values were determined by Wilcoxon signed ranks test.

used. Additionally, linear regression analyses were per-
formed where applicable. A two sided p value = 0.05 was
considered statistically significant. All analyses were per-
formed using SPSS 11.5 for Windows (SPSS, Chicago, IL).

Power analysis was performed using Statistica 6.0 (Stat-
Soft, Tulsa, OK). With n = 13, the observed correlation
coefficients, and « values, power analysis of regression
analyses revealed a power of 60.5% for the correlation
between A MMW with A weight, 59.19% between A MMW
and A BMI, and 62.28% between A MMW and A fat mass.
Power analysis of correlations showed a power of 69.52%,
89.68%, and 73.84% between the HOMA index and total
adiponectin, HMW, and MMW before weight loss and a
power of 71.46% and 74.86% between the HOMA index
and HMW and MMW after weight loss, respectively.

Results

One year after LAGB, mean weight loss was 17.7 kg
(p < 0.001), and the mean BMI decreased by 6.7 kg/m?
(p < 0.001). Weight loss was mainly caused by a decrease
in fat mass (15.1 kg, p < 0.001; Table 1). Total adiponectin
levels increased from 12.9 = 5.9 to 14.3 = 6.1 ug/mL (p =
0.055), and absolute MMW adiponectin increased signifi-
cantly from 7.5 = 3.6 to 9.1 = 4.1 pug/mL (p = 0.009). In
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parallel, absolute HMW adiponectin tended to increase and
absolute LMW adiponectin decreased, without reaching sta-
tistical significance (Figure 1). The relative amount of
LMW adiponectin decreased from 0.29 = 0.10 to 0.23 =
0.08 (»p = 0.003) and MMW adiponectin increased from
0.58 = 0.06 to 0.63 = 0.07 (p = 0.002; Table 2).

The linear regression analyses showed a pronounced
reduction in weight, BMI, and fat mass associated with
distinct changes in total adiponectin and MMW adi-
ponectin. A values of total adiponectin correlated signif-
icantly with A values of anthropometric parameters (A
weight: > = 0.3876, p = 0.023; A BMI: * = 0.367,p =
0.0282; A fat mass: > = 0.4368, p = 0.0139), and even
stronger correlations were found for A values of MMW
adiponectin (A weight: > = 0.4132, p = 0.0178; A BMI:
2 = 0.3319, p = 0.0393; A fat mass: = 0.5202, p =
0.0054; Figure 2).

The study subjects achieved improvements in parameters
of glucose and lipid metabolism (Table 1). Parameters of
glucose metabolism ameliorated 1 year after the surgical
procedure. Insulin levels decreased significantly from
200 £ 203 to 9.7 £ 6.3 puU/mL (p = 0.026). Insulin
sensitivity as estimated by HOMA index improved signifi-
cantly from 5.1 = 6.9 to 2.1 = 1.4 mM/mU/L? (p = 0.033).
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Figure 1: Changes in total adiponectin and oligomers after weight
loss. Total adiponectin (A), HMW adiponectin (B), MMW adi-
ponectin (C), and LMW adiponectin (D) before and after weight
loss.

Analyzing the relationship between adiponectin oli-
gomers and the HOMA index before and after weight loss,
we found significant correlations for the three different
adiponectin isoforms. HOMA index before weight loss cor-
related negatively with total adiponectin (r = —0.873, p <
0.001), HMW adiponectin (r = —0.918, p < 0.001), and
MMW adiponectin (r = —0.882, p < 0.001). After weight

loss, this negative correlation remained significant for
HMW adiponectin (r = —0.765, p = 0.006) and MMW
adiponectin (r = —0.836, p = 0.001). The relative amounts
of the adiponectin isoforms correlated with HOMA index
before (HMW adiponectin: » = —0.764, p = 0.013; MMW
adiponectin: » = —0.691, p = 0.019; LMW adiponectin:
r = 0.691, p = 0.019) but not after weight loss.

TGs decreased by 42% and total cholesterol by 12.7%,
whereas no significant changes were found for low-density
lipoprotein-cholesterol and HDL-cholesterol. Before weight
loss, the correlations between HDL-cholesterol and HMW
adiponectin and LMW adiponectin failed statistical signif-
icance (HMW adiponectin absolute: » = 0.493, p = 0.087;
LMW adiponectin absolute: r = 0.507, p = 0.077). After
weight loss, we found positive correlations between HDL-
cholesterol and total adiponectin (r = 0.726, p = 0.005) and
for the different isoforms (HMW adiponectin absolute: r =
0.564, p = 0.045; MMW adiponectin absolute: r = 0.611,
p = 0.027; LMW adiponectin absolute: r = 0.657, p =
0.015).

Discussion

Generally, adiponectin functions as an insulin-sensitizing
and antiatherogenic, anti-inflammatory adipocytokine
(28,29) and thereby plays a protective role in the pathogen-
esis of type 2 diabetes (30,31). Recent studies found three
adiponectin isoforms and allocated these biological activi-
ties differentially to each of these three species (32). In fact,
the MMW and HMW isoforms seem to mediate most of the
biological activities of total adiponectin (17,20,21).

In this study, we investigated the effects of pronounced
weight loss induced by bariatric surgery on adiponectin
oligomer composition. In our study, population total adi-

Table 2. Total adiponectin and adiponectin oligomer composition*

Pre-LAGB Post-LAGB

(n = 13) (n = 13) pt
Adiponectin (ug/mL) 129 £59 143 = 6.1 0.055
HMW (ug/mL) 1.8£1.2 2.0+ 1.0 0.064
MMW (pg/mL) 7.5 %36 9.1 £4.1 0.009
LMW (ug/mL) 3516 32%15 0.19
HMW (%) 0.13 = 0.04 0.14 = 0.02 0.345
MMW (%) 0.58 = 0.06 0.63 = 0.07 0.002
LMW (%) 0.29 = 0.10 0.23 = 0.08 0.003

LAGB, laparoscopic adjustable gastric banding; HMW, high molecular weight; MMW, medium molecular weight; LMW, low molecular

weight.
* Data are expressed as means * standard deviation.
+ p Values were determined by Wilcoxon signed ranks test.
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Figure 2: Correlations between A values of weight with A total adiponectin (A), A HMW adiponectin (B), A MMW adiponectin (C), and
A LMW adiponectin (D). Correlations between A values of fat mass with A total adiponectin (E), A HMW adiponectin (F), A MMW

adiponectin (G), and A LMW adiponectin (H).

ponectin levels were elevated after substantial weight loss,
which confirms previous studies in obese subjects (33).
Furthermore, we observed significant changes in adiponec-
tin oligomer composition induced by profound weight loss
with a shift from LMW adiponectin to MMW adiponectin
and HMW adiponectin. These results are similar to that seen
after moderate weight reduction, where the increment of
total MMW adiponectin was more pronounced than the
increment of total HMW adiponectin (17). In a recent re-
port, Swarbrick et al. (34) studied circulating concentrations
of HMW after pronounced weight loss. After recruiting
Roux-en-Y gastric bypass surgery patients and using an
enzyme-linked immunosorbent assay system to determine
adiponectin isoforms, the results confirmed that, after 12
months, the increase of total adiponectin levels was caused
by an increase of HMW and MMW adiponectin isoforms
(34).

In addition, we found strong relationships between A
values of anthropometric parameters and adiponectin. A
values of total adiponectin correlated significantly with A
weight, A BMI, and A fat mass, and similar correlations
were found for A values of MMW adiponectin. The asso-
ciation of MMW adiponectin isoform was even stronger
with anthropometric parameters than the association of total
adiponectin. Regression analyses revealed that 43% of the
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change in total adiponectin is explainable by changes in fat
mass, whereas for MMW adiponectin this percentage in-
creases to 52%.

It is well established that weight loss improves parame-
ters of glucose and lipid metabolism. In our study, insulin
levels decreased significantly, and, in parallel, the HOMA
index diminished on average 3 mM/mU/L? (p = 0.033).
These results confirmed previous studies showing that adi-
ponectin is involved in the regulation of muscle glucose use
(35) and that plasma adiponectin concentrations predict
insulin sensitivity (36). Baseline HOMA index before
weight loss correlated negatively with total adiponectin,
HMW adiponectin, and MMW adiponectin, and after
weight loss, this negative correlation persisted for both the
HMW and MMW isoforms. These findings are novel and
could suggest that mainly the HMW and MMW isoforms
predict insulin sensitivity and that the improvements in
insulin sensitivity are paralleled with an increase in HMW
and MMW adiponectin isoforms. In states of hypoadi-
ponectinemia, a significant decrease in HMW adiponectin
was observed, and these changes were related to decreased
insulin sensitivity (37).

TGs and total cholesterol decreased significantly after
weight loss. HDL-cholesterol was positively correlated with
total adiponectin and absolute HMW, MMW, and LMW
concentrations, which confirmed the results obtained after a
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moderate weight reduction (17). In addition, in this study,
MMW adiponectin correlated to a higher degree with HDL-
cholesterol than HMW adiponectin.

The strengths of this study are the prospective study
design and the blinded fashion of adiponectin isoform de-
termination. Furthermore, this is the first study analyzing
adiponectin isoforms after pronounced weight loss caused
by gastric banding, the most common bariatric surgery
procedure in Europe (38). Our findings confirm the results
obtained by other groups after moderate diet-induced
weight loss (17) and after gastric bypass (34).

A major limitation of this study is the restriction to
women and the limited number of subjects. The latter could
explain that, although we found an increase in total adi-
ponectin levels, these differences were not significant in the
respective statistical tests.

Although our results can be considered as preliminary
work, larger numbers of patients, including both sexes, need
to be studied in a prospective, randomized controlled trial.
Even considering these strengths and limitations, the find-
ings are consistent and both confirm and extent our current
knowledge on the effects of weight changes on total adi-
ponectin and adiponectin oligomer composition. Profound
weight loss increased total adiponectin, and this increase
was mainly and consistently mediated by an increase in the
MMW adiponectin isoform. The clinical implications at this
time are very limited, because the methods involved in
determination of the isoforms are performed on few places
in the world. Because there is now a commercially available
enzyme-linked immunosorbent assay on the market, larger
number of patients in different clinical conditions could be
studied.

We conclude that weight loss caused by gastric banding
results in a shift from LMW adiponectin to MMW adi-
ponectin and HMW adiponectin isoforms and that these
changes are associated with improvements in various an-
thropometric and metabolic parameters.
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