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Background: Statins are commonly used antihyperlipidemic agents, with anti-inflammatory
and immunomodulatory properties that are thought to account for a significant portion of their
ability to protect against atherosclerosis and cardiovascular disease. Vaspin, a visceral adipose
tissue-derived serine protease inhibitor, is an emerging adipokine with important insulin-
sensitizing, cardioprotective, and antiatherosclerotic properties in patients with diabetes. In this
randomized controlled clinical trial, we evaluated the effect of statin therapy on vaspin levels
in patients with type 2 diabetes mellitus.

Methods: Patients were divided into two groups, ie, those receiving simvastatin (study group,
n = 33), and those who did not (control group, n = 29). Patient data, blood biochemistry, and
vaspin levels were recorded at the beginning of the study (baseline) and after 8 weeks (end of
the study).

Results: After 8 weeks of treatment, vaspin levels were increased in patients treated with simvas-
tatin (504.58 £203.07 pg/mL at baseline versus 629.15 + 68.39 pg/mL after 8 weeks, P < 0.01),
but not in patients who were not treated with simvastatin (613.33 + 357.53 pg/mL at baseline
versus 582.37 + 84.63 pg/mL after 8 weeks, P > 0.05). In addition, the lipid-lowering effect of
simvastatin was reflected in a statistically significant reduction in total cholesterol in the study
group (220.75 £ 55.66 mg/dL at baseline versus 201.90 £ 53.65 mg/dL after 8 weeks P < 0.01)
but not in the control group (214.24 £ 47.2 mg/dL at baseline versus 215.72 £43.65 mg/dL after
8 weeks, P > 0.05) and in a statistically significant reduction in triglyceride levels in the study
group (265.8£210.41 mg/dL at baseline versus 223.03 £+ 178.67 mg/dL after 8 weeks, P < 0.05)
but not in the control group (225.44 + 115.13 mg/dL at baseline versus 215.58 £ 110.2 mg/dL.
after 8 weeks, P > 0.05). Mean vaspin levels were significantly higher in the study group than
in the control group.

Conclusion: These results indicate that statin therapy increases plasma vaspin levels in addition
to having a lipid-lowering effect. This could be a mechanism underlying the pleiotropic effects
seen with statins, including their cardioprotective and antiatherosclerotic effects.
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Introduction

Statins are the most widely used lipid-lowering agents. They reduce lipid levels in
patients with dyslipidemia and the risk of cardiovascular disease and atherosclerosis,
and also reduce morbidity and mortality in patients with and without cardiovascular
disease.!? Statins exert their hypolipidemic effect by inhibiting the 3-hydroxy-3-
methylglutaryl coenzyme A reductase enzyme, which catalyzes the rate-limiting step
in the synthesis of cholesterol.?
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Statins also have anti-inflammatory and immunomodu-
latory properties,* and have been shown to decrease the
serum levels of many proinflammatory cytokines, including
C-reactive protein, tumor necrosis factor-o., and interleukin-6,
with variable results reported for tumor necrosis factor-o. and
interleukin-6.¢ These anti-inflammatory effects may explain
the reduction in atherosclerosis and cardiovascular disease
observed with statins independent of their cholesterol-lowering
properties.” The anti-inflammatory effects of statins also have
a positive effect on insulin resistance in obesity.* Studies
have shown that inflammatory pathways are critical in the
link between insulin resistance and obesity.!*!! Adipocytes are
usually enlarged in obese individuals, and are characterized by
increased expression of proinflammatory adipokines.!?

A novel adipokine is the visceral adipose tissue-derived
serine protease inhibitor, vaspin, which possesses insulin-
sensitizing activity similar to that of adiponectin.!®* Vaspin
mRNA expression was significantly increased in patients with
obesity and insulin resistance.'* However, vaspin was also
found to improve glucose tolerance and insulin sensitivity
in obese rodents and may also normalize altered expression
of genes relevant to insulin resistance.'* Increased vaspin
expression may be an intrinsic compensatory mechanism in
adipose tissue as a response to decreased insulin sensitivity
or impairment of glucose metabolism.'"* Vaspin levels were
found to have an inverse relationship with the risk of cardio-
vascular events, suggesting a protective role of vaspin in the
pathophysiology of coronary atherosclerosis.'® In this study,
we aimed to investigate the effect of statin therapy on vaspin
levels in patients with type 2 diabetes mellitus.

Materials and methods
Subjects and study design

This randomized clinical study was conducted between
January 2011 and March 2011. Participants were considered
eligible if they had type 2 diabetes and were aged 18 years or
older. Exclusion criteria were the presence of liver disease,
type 1 diabetes, elevation of transaminase levels > 1.5 times
the upper limit of normal at baseline, elevation of creatine
kinase > 1.5 times the upper limit of normal at baseline,
presence of atrioventricular block and/or sinus bradycardia,
presence of acute or chronic renal failure, evidence of electro-
lyte disturbance, acute cerebrovascular disease or myocardial
infarction within the preceding 3 months, evidence of alcohol
abuse, hypothyroidism, myopathy, pregnancy, any medica-
tion changes during the 2 months preceding participation
in the study, and treatment with antihyperlipidemic drugs
during the 4 weeks before entering the study. Approval of the

institutional review board at the Jordan University of Science
and Technology was obtained for this study. Approval was
also obtained from the Royal Medical Services to conduct
the study at Prince Rashed Hospital.

A total of 62 patients with diabetes were recruited, and
randomly assigned to receive simvastatin 20 mg/day (study
group, n = 33) or no statin therapy (control group, n = 29).
A customized questionnaire was used for data collection and
further statistical analysis. The study procedure and goals
were explained to the patients approved for entry into the
study, who were then asked to sign a consent form and were
interviewed by the researcher.

Data collection and patient interviews

After interview, the medical profile of each patient was
reviewed for further collection and confirmation of patient
demographics, clinical history, and current drug regimens.
The following information categories were completed for each
patient: patient variables, including age, gender, height, weight,
and blood pressure (measured at baseline and after 8 weeks);
family and medical history and diabetes complications (evalu-
ated according to their complaints, self-evaluation, or past
medical reports). Body mass index was calculated as kg/m?,
and patients were classified as normal (18-24.9), overweight
(25-29.9), obese (30-34.9), or morbidly obese (>35).'¢

Blood biochemistry

Blood samples were drawn from the participants by a special-
ized laboratory technician after an overnight fast at baseline
and at the end of the study 8 weeks later. A sample was put
into an evacuated EDTA tube (5 mL blood) and into an
anticoagulant-free plain tube (10 mL blood). The latter was
centrifuged at 4000 rpm for 4 minutes. Five hundred micro-
liters of each serum sample was sent for analysis of glucose,
triglycerides, total cholesterol, low-density lipoprotein (LDL)
cholesterol, high-density lipoprotein (HDL) cholesterol, and
creatine kinase levels. The remainder of the serum samples
was put into tubes to be used for measurement of vaspin levels
with commercially available kits (RayBio® vaspin enzyme
immunoassay, RayBiotech Inc, Norcross, GA) according
to the manufacturer’s instructions. Microplates were read
at 450 nm using an automated reader (ELx800, Bio-Tek
Instruments, Winooski, VT).

Statistical analysis

The data were analyzed using the Statistical Package for
the Social Sciences version 17 (SPSS Inc, Chicago, IL).
Frequencies, means, and standard deviations were used to
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describe the data whenever appropriate. The Chi-square test
or Student’s #-test were used to test for differences between
proportions. P < 0.05 was considered to be statistically
significant.

Results

Baseline demographics, biochemistry,

and clinical characteristics

There was no statistically significant difference in vaspin
levels between the study and control groups at baseline
(Table 1). In addition, patient age, body mass index, duration
of diabetes, gender, blood pressure, peripheral neuropathy,
and family history of cardiovascular disease, thyroid disease,
diabetes, diabetic foot ulcer, heart disease, nephropathy,
erectile dysfunction, and dyslipidemia were not significantly

Table | Baseline characteristics of study and control groups

Variable Mean + SD or % P value
Study Control
group group

Age (years) 55.34 + 13.54 57.06 £ 10.27 0.52
BMI 29.36 £ 5.07 35.71 £29.62 0.26
Duration of DM (years) 6.74 + 5.40 8.63 + 6.40 0.19
Gender

Male 19 (57.6%) 14 (48.3%) 0.32

Female 14 (42.4%) 15 (51.7%)
Hypertension 22 (66.6%) 14 (48.3%) 0.11
Peripheral neuropathy 25 (75.8%) 21 (72.4%) 0.49
Family history of 8 (24.2%) 3(10.3) 0.14
cardiovascular diseases
Family history of 3(9.1%) 5(17.2) 0.28
thyroid disease
Family history 24 (72.7%) 17 (56.6%) 0.18
of diabetes
Diabetic foot ulcer I (3%) 4 (13. 8%) 0.13
Heart disease 0 (0%) 3 (9.1%) 0.14
Nephropathy I (3.4%) 0 (0%) 0.47
Erectile dysfunction 4 (13.8%) 9 (27.3%) 0.16
Dyslipidemia 15 (51%) 22 (66.7%) 0.17
Vaspin (pg/mL) 504.58 +203.07 613.33 £357.53 0.06
SBP (mmHg) 136.0+18.19 13380+ 1806  0.69
DBP (mmHg) 8621 £12.18 80341013 07!
Glucose (mg/dL) 23275+ 7687 245.86 +94.18 0.41
Total cholesterol 220.75+55.66  214.24+47.2 0.42
(mg/dL)
Triglycerides (mg/dL) 265.8+210.41 22544+ 11513 045
HDL (mg/dL) 44.75 £ 9.48 45.24 + 14.51 0.79
LDL (mg/dL) 121.63 £42.01  120.06 +3888  0.70
WBC (mg/dL) 734+ 1.58 7.34+1.58 0.44
CK (mg/dL) 79.96 + 49.86 9395 11.21 0.66

Abbreviations: BMI, body mass index; DM, diabetes mellitus; SBP, systolic blood
pressure; DBP, diastolic blood pressure; HDL, high-density lipoprotein; LDL, low-
density lipoprotein; WBC, white blood cells; CK, creatine kinase; SD, standard
deviation.

different between the study and control groups (P > 0.05).
There were no significant differences in systolic and diastolic
blood pressure, lipid profile, biochemistry, glucose levels,
white cell count, and creatine kinase between the study and
control groups at baseline.

Biochemistry and clinical characteristics
after statin therapy

Table 2 shows the biochemical parameters in the study and
control groups at the end of the study. The mean vaspin
level was significantly increased in the study group after
treatment with simvastatin (504.58 pg/mL at baseline and
629.15 pg/mL after treatment, P < 0.01), but not in the
control group. Of the lipid profile parameters, cholesterol and
triglyceride levels changed significantly in the study group.
Mean total cholesterol levels decreased from 220.75 mg/dL
at baseline to 201.909 mg/dL after treatment in the study
group (P = 0.01), but not in the control group. Mean trig-
lyceride levels decreased significantly from 265.818 mg/dL
at baseline to 223.03 mg/dL after treatment (P = 0.02), but
not in the control group. There was no significant differ-
ence between the study group and the controls with regard
to changes in systolic and diastolic blood pressure, glucose,
HDL cholesterol, LDL cholesterol, white cell count, and
creatine kinase after treatment.

Change in biochemical parameters

in study group versus controls

The mean vaspin level increased by 124.57 pg/mL in the
study group and decreased by 30.96 pg/mL in the control
group, and the difference was statistically significant
(P =0.015, Table 3). Mean cholesterol levels decreased by
18.85 mg/dL in the study group and increased by 1.48 mg/
dL in the control group (P < 0.01). A statistically signifi-
cant difference between these two groups was also found
for mean change in tri-glyceride levels (P < 0.01), which
decreased by 42.79 mg/dL and 9.86 mg/dL in the study
and control groups, respectively. Mean HDL levels also
increased by 2.75 mg/dL in the study group and decreased
by 9.86 mg/dL in the control group (P < 0.01). Mean LDL
levels in the study group decreased by 9.12 mg/dL and
increased by 7.96 mg/dL in the control group. The differ-
ence was statistically significant (P < 0.03). There was also
a significant difference between the two groups for mean
systolic blood pressure, which decreased by 2.12 mmHg in
the study group compared with a decrease of 0.70 mmHg in
the control group (P < 0.01). Differences in mean diastolic
blood pressure, glucose, white cell count, and creatine kinase
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Table 2 Biochemical parameters and clinical characteristics at baseline and at end of study

Variable Study group (n =33) Control group (n =29)

Baseline, End of treatment, P value Baseline, End of treatment, P value

mean + SD mean + SD mean + SD mean  SD
Vaspin (pg/mL) 504.5 £ 203.07 629.15 £ 68.39 <0.0l 613.33 £357.53 582.37 + 84.63 0.08
SBP (mmHg) 136.0 £ 18.19 133.94 +£10.28 0.42 133.80 + 18.06 133.1 £ 16.05 0.85
DBP (mmHg) 86.21 £ 12.18 85.15£9.06 0.66 80.34+ 10.13 79.31 £ 10.15 0.69
Glucose (mg/dL) 232.75 £ 76.87 221.87 £82.36 0.57 245.86 +94.18 23494+ 759 051
Total cholesterol (mg/dL) 220.75 £ 55.66 201.90 £ 53.65 0.01 21424 £47.2 215.72 £ 43.65 0.89
Triglycerides (mg/dL) 265.8+210.41 223.03 £ 178.67 0.02 22544 £ 115.13 21558 £ 110.2 0.74
HDL (mg/dL) 4475 £9.48 4751 £ 11.71 0.30 45.24 £ 1451 44.69 £ 15.23 0.85
LDL (mg/dL) 121.63 £ 42.01 112,51 +37.82 0.34 120.06 + 38.88 128.03 + 36.88 0.43
WBC 7.34+ 1.58 823 + [.52 0.46 7.34+1.58 75+ 1.78 0.6l
CK (mg/dL) 79.96 £ 49.86 92.60 + 63.33 0.43 9395+ 11.21 88.59 £ 12.67 0.78

Abbreviations: SBP, systolic blood pressure; DBP, diastolic blood pressure; HDL, high-density lipoprotein; LDL, low-density lipoprotein; SD, standard deviation; WBC,

white blood cells; CK, creatine kinase.

were not significantly different between the study and control
groups (P > 0.05).

Discussion
In the present study, treatment with simvastatin mark-
edly increased serum vaspin levels in patients with type 2
diabetes. The lipid-lowering effects of statins were also
observed along with the increase in vaspin levels. This
finding is consistent with those of other studies indicating
that statins have an anti-inflammatory action beyond their
cholesterol-lowering effect, and this has been reviewed
elsewhere.!”

Our results showing increased vaspin levels as a result
of treatment with statins are consistent with the findings
of Kadoglou et al."® To our knowledge, this is the second

Table 3 Comparison of the mean difference in parameters at
baseline and at end of study between study and control groups

Variable Mean difference P value
Study group Control group
Vaspin (pg/mL) 124.57 30.96 0.01
SBP (mmHg) 2.12 0.70 <0.01
DBP (mmHg) 1.06 1.03 0.10
Glucose (mg/dL) 10.88 10.92 0.10
Total cholesterol 18.84 1.48 <0.01
(mg/dL)
Triglycerides 42.78 9.86 <0.01
(mg/dL)
HDL (mg/dL) 2.75 0.55 <0.01
LDL (mg/dL) 9.12 7.96 0.03
WBC 0.89 0.16 0.64
CK (mg/dL) 12.64 536 0.42

Abbreviations: SBP, systolic blood pressure; DBP, diastolic blood pressure; HDL,
high density lipoprotein; LDL, low density lipoprotein; WBC, white blood cells; CK,
creatine kinase.

prospective study demonstrating a relationship between statin
therapy and serum vaspin levels. However, this study may
be the first to show a positive correlation between statins
and serum vaspin levels in patients with type 2 diabetes,
in addition to a lipid-lowering effect. Such findings are in
accordance with previous work showing that statins have a
pleiotropic effect independent of their cholesterol-lowering
properties. 192

Vaspin is a novel adipokine that has shown insulin-
sensitizing effects in an animal model of type 2 diabetes.?!
Studies have also shown that vaspin has a protective effect
against atherosclerosis and cardiovascular events.' Vascular
smooth muscle cell inflammation and migration play a cru-
cial role in the development of atherosclerosis.?*?* Vaspin
was shown to inhibit expression of intracellular adhesion
molecule-1 induced by tumor necrosis factor-o. by prevent-
ing generation of reactive oxygen species and subsequent
activation of NF-kB and protein kinase C, thus inhibiting
inflammatory states in vascular smooth muscle cells.?* Vaspin
also inhibits platelet-derived growth factor-BB-induced
vascular smooth cell migration by suppressing activation
of reactive oxygen species-dependent p38/HSP27.2° Thus,
the increment in vaspin may explain, in part, the beneficial
effects seen with statin treatment.

This study has some limitations. For example, insulin
resistance was not assayed for or correlated with the effect
of statins on serum vaspin levels. However, this could be a
project for future research to clarify the possible relation-
ship between insulin sensitivity, vaspin levels, and the
lipid-lowering effects of statins. Further, in this study, only
vaspin levels were investigated, and studying the relation-
ship between other important adipokines, such as visfatin or
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resistin, and the effects of statins represents another important
future step. Finally, the change in systolic blood pressure
that was observed in the study group is very unlikely to be
clinically significant because the changes in blood pres-
sure were only slight and within the normal range of blood
pressure.

To our knowledge, no study has determined a minimal
clinically significant change in vaspin levels. However,
a number of previous studies have correlated changes in
vaspin levels with various disease parameters,'*2*?° and
have reported changes in vaspin that are similar in magni-
tude to these reported in the current study. In addition, the
mechanism of the possible effect of statins on vaspin levels
is not known. However, it is likely that statins, through their
known anti-inflammatory and immunomodulatory proper-
ties, generally reduce proinflammatory marker levels. For
example, C-reactive protein was shown previously to be
an independent determinant of atorvastatin-induced vaspin
changes in subjects with moderate cardiovascular risk.'
These findings could implicate molecules such as C-reactive
protein in the changes seen in vaspin levels during atorvas-
tatin therapy, but this needs further investigation in a patient
population with type 2 diabetes.

In conclusion, simvastatin increases serum vaspin levels
in patients with type 2 diabetes. This may represent a mecha-
nism underlying the pleiotropic effects seen with statins.
Further studies are required to confirm this hypothesis.
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