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Context: Recently, vaspin was identified as an insulin-sensitizing adipokine. However, regulation
of this adipocyte-secreted factor in human disease has not been determined.

Objective: We investigated vaspin serum concentrations in diabetic and nondiabetic patients on
chronic hemodialysis (CD) as compared with controls with a glomerular filtration rate (GFR) above
50 ml/min.

Design: Vaspin was quantified by ELISA in control (n = 60) and CD (n = 60) patients and correlated
to clinical and biochemical measures of renal function, glucose, and lipid metabolism, as well as
inflammation, in both groups.

Results: Mean serum vaspin concentrations were not significantly different between CD patients
and controls. Circulating vaspin was significantly lower in males (0.6 + 0.9 pg/liter) as compared
with females (1.3 = 1.5 pg/liter) and was decreased in insulin-treated subjects. In univariate anal-
yses, vaspin levels positively correlated with age and high-density lipoprotein cholesterol and
negatively with waist-to-hip ratio and GFR in control patients, whereas the adipokine was nega-
tively associated with GFR and C-reactive protein (CRP) in CD patients. In multivariate analyses, age
and gender were independently associated with vaspin in controls, whereas gender, GFR, and CRP
independently predicted circulating vaspin in CD patients.

Conclusions: Vaspin levels are significantly higher in women, and gender is an independent pre-
dictor of circulating vaspin in both control and CD patients. In addition, age independently predicts
vaspin in control patients, whereas GFR and CRP are independently associated with this adipokine
in CD patients. In contrast, circulating vaspin is not independently associated with markers of
glucose and lipid metabolism. (J Clin Endocrinol Metab 93: 247-251, 2008)

besity is a rapidly growing disorder in industrialized countries
O that is associated with insulin resistance, type 2 diabetes mel-
litus (T2DM), dyslipidemia, and hypertension (1, 2). When weight is
gained, hyperplasia and hypertrophy of adipocytes within adipose tis-
sue are found (1, 2). In recent years it could be demonstrated convinc-
ingly that fat cells differentially secrete various proteins, so-called adi-
pokines, which link obesity with components of the metabolic
syndrome (1, 2). Furthermore, there is an increasing body of evidence
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that adipokine dysregulation significantly contributes to the increased
risk of cardiovascular disease in obesity (1, 2).

Recently Hida et al. (3) characterized vaspin as an interesting
novel adipokine with insulin-sensitizing effects. Vaspin belongs
to the serine protease inhibitor (serpine) superfamily and is pro-
duced in the visceral adipose tissue depot of Otsuka Long-Evans
Tokushima Fatty (OLETF) rats, an animal model of obesity with
T2DM (3). The authors demonstrated convincingly in the initial
report that administration of vaspin to obese mice improved

Abbreviations: BMI, Body mass index; CD, chronic hemodialysis; CRP, C-reactive protein;
GFR, glomerular filtration rate; HDL, high-density lipoprotein; HOMA-IR, homeostasis
model assessment of insulin resistance; OLETF, Otsuka Long-Evans Tokushima Fatty;
T2DM, type 2 diabetes mellitus; WHR, waist-to-hip ratio.
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glucose tolerance and insulin sensitivity (3). Furthermore, dys-
regulated expression of insulin sensitivity-modulating genes in
adipose tissue including adiponectin and leptin was reversed af-
ter vaspin treatment (3). Moreover, vaspin production was
down-regulated with worsening of T2DM in OLETF rats (3). In
addition, we have recently shown that induction of vaspin
mRNA expression in human adipose tissue is regulated in a fat
depot-specific manner and could be associated with parameters
of obesity, insulin resistance, and glucose metabolism (4).

The connection between circulating levels of vaspin and com-
ponents of the metabolic syndrome has not been determined. We
hypothesized that circulating vaspin concentrations are linked to
markers of insulin sensitivity and obesity. Furthermore, renal
elimination has been established as a major route by which phys-
iological levels of various adipokines including adiponectin (5)
and leptin (6) are maintained. In contrast, the association be-
tween vaspin and renal dysfunction has not been studied so far.
We determined vaspin serum levels in patients on chronic he-
modialysis (CD) and controls with a glomerular filtration rate
(GFR) above 50 ml/min and correlated concentrations of this
adipokine to clinical and biochemical measures of renal function,
glucose, and lipid metabolism, as well as inflammation, in both
groups.

Subjects and Methods

Subjects

A total of 120 Caucasian men (n = 62) and women (n = 58) were
recruited with 60 patients having a GFR above 50 ml/min (controls) as
assessed by Cockroft-Gault formula and 60 patients being on CD. Body
mass index (BMI) was calculated as weight divided by squared height and
BMI ranged from 18.7 to 46.1 kg/m>. Waist-to-hip ratio (WHR) was
calculated after waist and hip circumferences were measured. The study
population was between 32 and 85 yr old. Thirty controls and 32 CD
patients had T2DM defined as fasting blood glucose 126 mg/dl or greater
or use of insulin or oral hypoglycemic medications. Diabetes mellitus was
excluded in the control group by performing 75-g oral glucose tolerance
tests. Homeostasis model assessment of insulin resistance (HOMA-IR)
was calculated as previously described (7). Patients with severe condi-
tions including generalized inflammation or end-stage malignant dis-
eases were excluded from the study. The study was approved by the local
ethics committee, and all subjects gave written informed consent before
taking part in the study.

Assays

Blood samples were taken after an overnight fast, and serum was
immediately frozen and stored in aliquots at —80 C. All samples were
thawed two or fewer times before the assays were performed. Each single
assay was performed with samples that had undergone an identical num-
ber of freezing-thawing cycles. Serum insulin concentrations were de-
termined with a two-site chemiluminescent enzyme immunometric assay
for the Immulite automated analyzer (Diagnostic Products, Los Angeles,
CA). Adiponectin (Mediagnost, Reutlingen, Germany) and vaspin (Adi-
pogen, Seoul, South Korea) serum levels were measured with commer-
cially available ELISAs according to the manufacturers’ instructions. The
sensitivity of the vaspin ELISA was 0.01 ug/liter. Whereas the degree of
precision of the ELISA system in terms of coefficient of variance (percent)
of intraassay was between 1.3 and 3.8%, and that of interassays was
between 3.3 and 9.1%. Spike recovery and linearity were in a range of
90-107 and 100-109 %, respectively. Specificity was determined using
human adiponectin, retinol-binding protein 4, visfatin, plasminogen ac-
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tivator inhibitor-1, TNF-q, resistin-like molecule-g, fatty acid binding
protein 4, angiopoietin-like protein 6, glutathione peroxidase 3, pro-
granulin, mouse adiponectin, and mouse resistin. Furthermore, the
ELISA was specific for human vaspin and did not cross-react with mouse
and rat sera. Serum creatinine, PTH, free fatty acids, cholesterol, tri-
glycerides, and C-reactive protein (CRP) were measured by standard
methods in a certified laboratory.

Statistical analysis

For statistical analysis, SPSS software (version 11.5; SPSS, Chicago,
IL) was used. Differences between groups were assessed with the use of
Mann-Whitney U test, Kruskal-Wallis test with Bonferroni post hoc
analysis, and x? test, as indicated in the table legends. Correlations were
performed using the Spearman’s rank correlation method. To adjust the
effects of covariates and identify independent relationships, multivariate
linear regression analyses were performed. Here distribution was tested
for normality using Shapiro-Wilk W test, and nonnormally distributed
parameters were logarithmically transformed before performing multi-
variate analyses. P < 0.05 was considered as statistically significant in all
analyses.

Results

Vaspin serum concentrations are higher in women but
not altered in CD

Clinical characteristics of the subgroups studied (control,
CD) divided into nondiabetic and diabetic subjects are presented
in Table 1. Mean = sp serum vaspin was 1.0 = 1.3 ug/liter (range
0.01-9.3 pg/liter) in the total sample and was not significantly
different between control (1.0 = 1.1 pg/liter) and CD (0.9 = 1.5
wg/liter) patients. Mean circulating vaspin levels were signifi-
cantly higher in females (1.3 *= 1.5 pg/liter), compared with
males (0.6 = 0.9 ug/liter) (P < 0.01). Vaspin serum concentra-
tions were not significantly different between normal-weight
(1.2 = 1.9 pg/liter) and overweight/obese (0.9 * 1.0 ug/liter)
subjects as well as between diabetic (0.8 *= 1.0 ug/liter) and
nondiabetic (1.1 = 1.5 ug/liter) patients. However, patients on
insulin treatment showed significantly lower levels of circulating
vaspin (0.5 = 0.4 pg/liter), compared with subjects without in-
sulin (1.2 = 1.5 ug/liter) (P < 0.01). In contrast, significant
differences in circulating vaspin could not be detected, depending
on oral antidiabetics, B-blockers, angiotensin-converting en-
zyme/angiotensin II type 1 inhibitors, statins, low-dose aspirin,
and erythropoietin (data not shown). When the two subgroups
(control, CD) were studied separately, mean vaspin serum levels
were increased in females, compared with males in both groups
(control: 1.2 + 1.2 v5. 0.6 = 1.0 pg/liter; CD: 1.4 = 2.0 vs. 0.6 =
0.8 pg/liter) (P < 0.01) (Fig. 1). Again, circulating vaspin was not
significantly different, depending on T2DM in control and CD
patients (Table 1). Furthermore, vaspin serum levels were not
significantly different in control vs. CD patients and/or diabetic
vs. nondiabetic subjects when men and women were studied
separately (data not shown). All subsequent analyses were per-
formed in all patients as well as in the two subgroups (control,
CD) separately.

Univariate correlations
When all subjects were studied, vaspin concentrations posi-
tively correlated with high-density lipoprotein (HDL) choles-
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TABLE 1. Baseline characteristics of the study population divided into controls without diabetes (control/T2DM—) or with diabetes
(control/T2DM+) and CD patients without diabetes (CD/T2DM—) or with diabetes (CD/T2DM+)

Control/T2DM— Control/T2DM+ CD/T2DM— CD/T2DM+
n 30 30 28 32
Vaspin (ug/liter) 1.1+13 0.8+09 1.1+18 0.8+ 1.1
Age (yr) 61 + 11 63 + 10 60 + 14 67 =10
Gender (male/female) 11/19 16/14 15/13 20/12
BMI (kg/m?) 298 +58 30.6 = 5.2 26.1 = 5.12b 282 +50
WHR 0.9 = 0.1 0.9 +0.1° 0.9 +0.1 1.0 +0.12
SBP (mm Hg) 126 = 16 129 * 12 123 + 24 123 + 21
DBP (mm Hg) 75 + 11 72+ 9 72 +12 69 +9
Creatinine (umol/liter) 77 =15 75+ 18 780 + 272%° 743 + 27120
GFR (ml/min) 94 + 32 107 + 39 10 = 53° 10 + 42
PTH (pmol/liter) 4.4 1.7 38+13 24.1 = 25.9%% 20.4 * 13.6%°
FG (mmol/liter) 52 +0.8 7.8+ 2.6° 4.7 +0.9° 6.2 = 2.7b¢
FI (pmol/liter) 45.8 + 26.2 74.0 = 94,5 56.4 + 81.7 88.9 + 126.8
HOMA-IR 16+1.0 3.4 +3.0 1.9 +3.1° 45+ 94
FFA (mmol/liter) 0.5+0.2 0.6 +0.3 0.6 +0.3 0.7+04
Cholesterol (mmol/liter) 55+0.8 49+1.2 45 +1.0° 43 +1.1°
HDL cholesterol (mmol/liter) 1.4+03 13+x04 1.1 £0.32% 1.0 £ 0.3*°
LDL cholesterol (mmol/liter) 3.5*+0.7 29+ 1.0° 2.7 £0.9° 2.3+0.9%
TG (mmol/liter) 12+05 1.7+1.0 1.7 +0.52 24 +1.7°
Adiponectin (mg/liter) 7.6 = 4.1 5.8+ 3.4 17.3 = 10.8*% 15.5 = 11.4%%
CRP (mglliter) 3.9+33 33%25 14.0 = 25.9 17.9 + 24.82°
Insulin treatment (%) 0(0) 18 (60)? 0 (0)® 22 (69)*¢
Sulfonylurea (%) 0(0) 11 (377 0 (0 4 (13)°
Metformin (%) 0 (0) 21 (70)2 0 (0)® 0 (0)
TZDs (%) 0(0) 2(7) 0(0) 0(0)
B-Blocker (%) 8(27) 19 (63)? 16 (57)° 25 (78)°
ACE/AT1-l (%) 8(27) 19 (63)7 20 (71)y° 20 (63)?
Statin (%) 7 (23) 16 (53)? 11 (39) 17 (53)?
Low-dose aspirin (%) 2(7) 9 (30)? 7 (25) 13(41)7

Means + sp or the total number and percentage of patients taking a medication are shown. Continuous parameters were analyzed by Kruskal-Wallis test, followed by
Bonferroni post hoc analysis, and categorical parameters were analyzed using the x? test. DBP, Diastolic blood pressure; FFA, free fatty acids; FG, fasting glucose; Fl,
fasting insulin; LDL, low-density lipoprotein; SBP, systolic blood pressure; TG, triglycerides; TZD, thiazolidinedione; ACE, angiotensin-converting enzyme; AT1,

angiotensin Il type 1.

? Indicates P < 0.05 as compared with control/T2DM—.
b Compared with control/T2DM+.

¢ Compared with CD/T2DM—.

terol (r = 0.236, P = 0.010), whereas a negative association was
observed with WHR (r = —0.299, P = 0.001). In controls, serum
vaspin levels correlated positively with age (r = 0.354, P =
0.006) and HDL cholesterol (r = 0.321, P = 0.012) and nega-
tively with WHR (r = —0.349, P = 0.006) and GFR (r = —0.375,
P = 0.003). In CD patients, a positive correlation between cir-
culating vaspin and creatinine was found (r = 0.277, P = 0.032).
Furthermore, vaspin was negatively associated with GFR (r =
—0.397, P = 0.002) and CRP (r = —0.340, P = 0.008) in these
patients. In the groups studied, vaspin did not correlate with
markers of insulin sensitivity and glucose metabolism including
fasting glucose, fasting insulin, HOMA-IR, and adiponectin
(data now shown).

Multivariate correlations

Multiple regression analysis revealed that age, gender, and
insulin treatment remained independently associated with
vaspin concentrations after adjustment for WHR and HDL cho-
lesterol when all 120 patients were analyzed (P < 0.05) (Table 2).
Age and gender significantly predicted serum vaspin levels in
control patients (P < 0.05), whereas the correlations with WHR,

HDL cholesterol, and GFR seen in univariate analyses were all
lost (Table 2). In CD patients, gender remained independently
associated with circulating vaspin (P < 0.05) (Table 2). Addi-
tionally, GFR and CRP independently predicted serum vaspin in
this subgroup (P < 0.05) (Table 2).

Discussion

In the current study, we demonstrate for the first time that vaspin
serum concentrations are significantly higher in women, com-
pared with men. Furthermore, gender is a significant indepen-
dent predictor for vaspin serum concentrations not only in con-
trols with a GFR above 50 ml/min, but also CD patients.
Interestingly, a gender-dependent regulation has also been dem-
onstrated for adiponectin (8) and leptin (9, 10). Here an inhib-
itory effect of androgens on expression of both adipokines could
be established (8, 11, 12). Furthermore, it is quite possible that
estrogens might increase circulating vaspin levels. It is interesting
to note in this context that an estrogen-mediated up-regulation
has been shown for the adipokine leptin (13). However, it needs
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FIG. 1. Vaspin serum levels depend on gender. Individual vaspin serum
concentrations in men and women are depicted in control and CD patients.
Furthermore, nondiabetic subjects are represented by the filled circles, whereas
T2DM patients are represented by open circles. Median vaspin serum
concentrations in men and women in both groups (control, CD) are also shown.

to be pointed out that most women in the study population were
postmenopausal, and, therefore, estrogens alone probably do
not explain the gender difference in vaspin serum levels. In ad-
dition, gender-dependent differences in adipose tissue mass and
distribution might contribute to increased circulating vaspin
concentrations in women, compared with men.

In the present study, we demonstrate that circulating vaspin
is negatively correlated with GFR in univariate analyses in both
controls and CD patients. However, this association is lost in
controls after adjusting for age and gender. Furthermore, serum
vaspin levels are indistinguishable between controls and patients
on CD. These results indicate that renal excretion is probably not

TABLE 2. Multivariate linear regression analyses in all subjects,
controls, and CD patients with circulating vaspin as dependent
variable

Independent
variable B P value

All subjects

Age 0.192 0.027°2

Gender 0.294 0.0057

Insulin treatment -0.192 0.031¢

WHR —0.085 0.441

HDL cholesterol 0.051 0.574
Controls

Age 0.333 0.048°

Gender 0.362 0.0337

Insulin treatment —0.045 0.720

WHR —0.058 0.760

HDL cholesterol 0.026 0.853

GFR —0.029 0.864
CD patients

Age 0.055 0.637

Gender 0.272 0.019?

Insulin treatment -0.122 0.317

GFR —0.259 0.0437

CRP -0.313 0.010°

Independent variables tested include age, gender, and insulin treatment as well
as parameters showing a significant correlation with vaspin levels in univariate

analyses. The dependent variable was vaspin.

2 Indicates significant correlation.
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a major route of vaspin elimination. In contrast to vaspin, other
fat-secreted factors including adiponectin (5), leptin (6), and vis-
fatin (14) are primarily eliminated through the kidneys, and
higher levels of theses adipokines are found in CD. Furthermore,
the adipocyte-secreted factor leptin has been suggested to con-
tribute to CD-associated malnutrition (15). Because vaspin se-
rum levels are indistinguishable between CD and control patients
and do not correlate with BMI and WHR in subjects on CD, our
data do not support the hypothesis that this adipokine plays a
role in CD-linked malnutrition.

In the current report, we demonstrate that age is positively
and independently correlated with circulating vaspin in controls
but not CD patients. Furthermore, CRP is an independent neg-
ative predictor of vaspin concentrations only in CD patients. It
is unknown at present whether inflammatory status directly
modulates vaspin levels in patients with renal failure.

Interestingly, vaspin serum levels are significantly decreased
in insulin-treated subjects. Furthermore, we show that insulin
treatment is an independent predictor of vaspin serum levels in
our study population. However, the effect of insulin adminis-
tration on vaspin synthesis in fat and circulating vaspin levels in
humans has not been studied so far. It is interesting to note in this
context that Hida et al. (3) described a differential effect of in-
sulin on vaspin expression in fat of rodents, depending on the
depotstudied. Thus, the authors demonstrated that insulin treat-
ment of OLETF rats induces vaspin synthesis in sc white adipose
tissue, whereas a reduction is found in visceral fat (3). Further-
more, insulin treatment up-regulates circulating vaspin in these
animals at 50 but not 30 wk of age (3).

In the present study, vaspin serum levels do not correlate with
markers of insulin sensitivity and glucose metabolism including
fasting glucose, fasting insulin, HOMA-IR, and adiponectin.
Furthermore, the negative association with WHR and the pos-
itive correlation with HDL cholesterol seen in control patients in
univariate analysis are lost after adjustment for age and gender.
In contrast to vaspin, the other insulin-sensitizing adipokine adi-
ponectin (16) is significantly and negatively correlated with
HOMA-IR in our study population independent of age and gen-
der in both control and CD patients (data not shown). Taking
these findings into consideration, our results do not support the
hypothesis that vaspin is a major insulin-sensitizing adipokine in
humans besides adiponectin.
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