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OBJECTIVE — Adiponectin and resistin, two recently discovered adipocyte-secreted hor-
mones, may link obesity with insulin resistance and/or metabolic and cardiovascular risk factors.
We performed a cross-sectional study to investigate the association of adiponectin and resistin
with inflammatory markers, hyperlipidemia, and vascular reactivity and an interventional study
to investigate whether atorvastatin mediates its beneficial effects by altering adiponectin or
resistin levels.

RESEARCH DESIGN AND METHODS — Associations among vascular reactivity, in-
flammatory markers, resistin, and adiponectin were assessed cross-sectionally using fasting
blood samples obtained from 77 subjects who had diabetes or were at high risk to develop
diabetes. The effect of atorvastatin on adiponectin and resistin levels was investigated in a
12-week–long randomized, double-blind, placebo-controlled study.

RESULTS — In the cross-sectional study, we confirm prior positive correlations of adiponec-
tin with HDL and negative correlations with BMI, triglycerides, C-reactive protein (CRP), and plasma
activator inhibitor (PAI)-1 and report a negative correlation with tissue plasminogen activator. The
positive association with HDL and the negative association with PAI-1 remained significant after
adjusting for sex and BMI. We also confirm prior findings of a negative correlation of resistin with
HDL and report for the first time a positive correlation with CRP. All of these associations remained
significant after adjusting for sex and BMI. No associations of adiponectin or resistin with any aspects
of vascular reactivity were detected. In the interventional study, atorvastatin decreased lipid and CRP
levels, but adiponectin and resistin were not specifically altered.

CONCLUSIONS — We conclude that adiponectin is significantly associated with inflam-
matory markers, in part, through an underlying association with obesity, whereas resistin’s
associations with inflammatory markers appear to be independent of BMI. Lipid profile and
inflammatory marker changes produced by atorvastatin cannot be attributed to changes of either
adiponectin or resistin.
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O besity and insulin resistance are
associated with cardiovascular risk
factors, including altered levels of

inflammatory markers and endothelial
dysfunction (1). Two recently identified
adipocyte-secreted hormones, adiponec-
tin and resistin, are thought to link
obesity with insulin resistance and car-
diovascular risk (1–7). Adiponectin, a re-
cently discovered 244 –amino acid,
adipose-specific protein (2), is found in
high concentrations in the peripheral
circulation (3), and its circulating levels
are decreased in obesity and type 2 diabe-
tes (4). Adiponectin levels are inversely
associated with central or overall adipos-
ity, as well as hyperlipidemia and insulin
resistance independently of BMI (5,6).
Resistin levels have been reported to be
markedly elevated in obese mice and to be
decreased by insulin sensitizers, such as
rosiglitazone and other thiazolidinedio-
nes, and by the administration of antire-
sistin antiserum, which also leads to a
significant decrease in blood glucose (7).
These initial findings in mice were chal-
lenged by subsequent observations,
however, demonstrating increased or de-
creased resistin levels in obesity as well as
variable responses to thiazolidinediones
(8,9) and a null association between cir-
culating resistin and insulin resistance in
humans (10,11). Interestingly, although
resistin has structural similarities to pro-
teins involved in inflammatory processes
(12), circulating resistin levels have never
been studied in relation to inflammatory
markers in humans. In contrast, adi-
ponectin has been associated with mark-
ers of inflammation, such as C-reactive
protein (CRP) and tumor necrosis fac-
tor-� (TNF-�) (13,14), but associations
with several other inflammatory markers
remain to be studied.

Thus, we have studied cross-
sectionally whether adiponectin is in-
versely associated and if resistin is
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positively associated with inflammatory
markers, hyperlipidemia, and vascular re-
activity. We also studied, in the context of
a 12-week–long, double-blind, random-
ized, placebo-controlled clinical trial,
whether atorvastatin, a 3-hydroxy-3-
methylglutaryl coenzyme A reductase in-
hibitor, which reduces total cholesterol,
LDL (15), and triglycerides (16), in-
creases HDL levels (17), and may mediate
improved insulin sensitivity (18), affects
these outcomes by altering adiponectin
and/or resistin levels.

RESEARCH DESIGN AND
METHODS — The present study in-
cluded 77 previously studied subjects
(19) who had diabetes with no serious
long-term complications (defined as mac-
roalbuminuria, severe neuropathy, and/
or peripheral vascular disease associated
with foot ulceration or other lower-
extremity amputations) or were consid-
ered at higher risk to develop type 2
diabetes than the general population (a
positive family history and a normal 75-g
oral glucose tolerance test, subjects with
at least one first-degree relative with type
2 diabetes, or subjects with impaired glu-
cose tolerance), using previously de-
scribed criteria (20). The study protocol
was approved by the institutional review
boards at the Joslin Diabetes Center and
the Beth Israel Deaconess Medical Center.
After being informed on the purpose and
procedures of the study, all subjects
signed an informed consent form. Sub-
jects were evaluated at an initial screening
visit, which involved a full medical his-
tory and physical examination including
blood pressure, weight, height, waist-to-
hip ratio, fundoscopy, and evaluation for
clinical signs of neuropathy. Subjects
were excluded if they had a known his-
tory of cardiovascular disease, stroke or
transient ischemic attack, uncontrolled
hypertension, liver disease, renal disease,
severe dyslipidemia (triglycerides �600
mg/dl or cholesterol �350 mg/dl), or any
other serious chronic disease requiring
active treatment. Women of child-bearing
potential not using an effective form of
nonhormonal birth control and subjects
taking lipid-lowering agents during the
last 3 months, glucocorticoids, antineo-
plastic agents, psychoactive agents, or
bronchodilators on a regular basis were
also excluded.

Cross-sectional study
Blood samples were obtained after an
overnight fast (�10 h) and a 24-h period
free of alcohol or vigorous exercise. Sub-
jects were asked not to take their diabetes
medications (sulfonylureas or metformin)
for 12 h before each visit. Those subjects
using insulin were requested to hold the
rapid-acting insulin the morning of each
visit. Blood samples were drawn from an
antecubital vein with a 19-gauge needle
without venous stasis, and the sera were
stored at �70°C.

Interventional study
The effect of atorvastatin on adiponectin
and resistin levels was investigated in a
randomized, double-blind, placebo-
controlled study. The 77 subjects de-
scribed above in the cross-sectional study
were randomized in a double-blind man-
ner to receive either 20 mg of atorvastatin
daily or the matching placebo for 12
weeks. The subjects were asked to con-
tinue with their prior medications, diet
plan, and physical activity level in a con-
stant manner for the duration of the
study. Subjects were evaluated at baseline
and reevaluated after a 12-week treatment
period at an exit visit with repeat labora-
tory evaluations. Vascular reactivity test-
ing was also done at baseline and repeated
at 12 weeks. To evaluate the association of
serum adiponectin levels, serum resistin
levels, and markers of vascular inflamma-
tion, fasting blood samples were obtained
at baseline and at 12 weeks.

Hormone measurements
Blood samples were analyzed for HDL
cholesterol, LDL cholesterol, total choles-
terol, triglycerides, endothelin-1 (ET1),
CRP, tumor necrosis factor-� (TNF-�),
intracellular adhesion molecule (ICAM),
plasma activator inhibitor (PAI)-1, tissue
plasminogen activator (tPA), adiponectin,
and resistin. Plasma total cholesterol,
HDL cholesterol, and triglycerides were
measured using the Synchron CX ana-
lyzer (Beckman/Coulter) as previously
described (21). LDL cholesterol was cal-
culated from these results. Hormone con-
centrat ions were measured using
commercially available methods (10) as
follows: adiponectin radioimmunoassay
(Linco Research, St. Charles, MO) (sensi-
tivity 2 �g/ml; intra-assay coefficient of
variation [CV] 1.78–6.21%), human re-
sistin (BioVendor, Brno, Czech Republic)
(0.2 ng/ml; 3.4–5.2%), soluble ICAM (R

& D Systems, Minneapolis, MN) (0.35
ng/ml; 3.3–4.8%), and ET1 (R & D Sys-
tems) (1.0 pg/ml; 4.2–4.6%) were mea-
sured in plasma by the enzyme-linked
immunosorbent assay method. TNF-�
(Immulite DPC) (8.1 pg/ml; 2.6–3.6%)
and CRP (Immulite DPC) (0.01 mg/dl;
4.2–6.4%) were measured by chemilumi-
nescent immunoassay. PAI-1 (Diagnos-
tica Stago, France) (1.0 ng/ml; 5.48 –
6.53%) and tPA (Diagnostica Stago) (1.0
ng/ml; 4.49–4.54%) were also measured
by the enzyme-linked immunosorbent as-
say method. To minimize variability, hor-
mone levels were measured in one assay
for all subjects participating in the cross-
sectional study and in one assay for each
subject in the interventional studies.

Vascular reactivity tests
The vascular reactivity of the forearm skin
microcirculation was evaluated by laser
Doppler perfusion imaging measure-
ments before and after iontophoresis of
acetylcholine chloride ([ACH%], percent
increase over baseline of endothelium-
dependent vasodilation) and sodium
nitroprusside ([NNP%], percent increase
over baseline of endothelium-indepen-
dent vasodilation) and as previously
described (22). To assess the endotheli-
um-dependent reactivity in the macrocir-
culation, the flow-mediated brachial
artery dilation was measured by using a
high-resolution ultrasound with a 10.0-
MHz linear array transducer and an HDI
Ultramark 9 system (Advanced Technol-
ogy Laboratories, Bothel, WA). Reactive
hyperemia was produced by inflating a
pneumatic tourniquet to 50 mmHg above
the systolic pressure for 5 min distal to the
brachial artery, and the flow at rest and
reactive flow were measured. All mea-
surements were in accordance with re-
cently published guidelines (23).
Endothelium-independent vasodilation
in the macrocirculation (nitroglycerin-
induced dilation [NID]) was assessed by
studying brachial artery diameter changes
5 min after the administration of 400 �g
of sublingual nitroglycerine (19). This test
was performed 15 min after the reactive
hyperemia test and after obtaining a new
baseline reading.

Data analysis
Data were summarized using standard
procedures. Any missing values due to in-
sufficient sample or values outside the as-
say range were excluded from the analysis
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of this specific variable only. In the cross-
sectional study, we performed both
Spearman’s and Pearson’s correlation
analysis, and we report herein the Spear-
man’s correlation coefficients that are
more conservative. Then we performed
bivariate and multivariate regression
analyses. We evaluated for potential asso-
ciations among serum adiponectin levels
and serum resistin levels (dependent vari-
ables) and BMI, metabolic markers (lipid
profi le), inflammatory parameters
(ICAM, ET1, TNF-�, CRP, PAI-1, tPA), as
well as vascular reactivity, all expressed as
continuous variables. In the multivariate
analysis models, we evaluated the same
independent variables after controlling
for potential confounding by sex, sex and
BMI, and sex, BMI, and HbA1c. Logarith-
mic transformation was used to normalize
nonnormally distributed dependent vari-
ables.

In the interventional study, we as-
sessed the differences in adiponectin and
resistin levels, lipid levels and inflamma-
tory marker levels, as well as BMI using a
paired t test for parametrically distributed
data and the Wilcoxon matched-pair

signed-rank test for nonparametrically
distributed data to compare baseline data
and data at the end of the study. The t test
was used to compare the baseline charac-
teristics between those receiving active
treatments and those receiving placebo.

SPSS 8.0 software (SPSS, Chicago, IL)
was used for statistical analysis. A P value
�0.025 (two tailed) was considered sta-
tistically significant for all analyses (Bon-
ferroni correction). Descriptive statistics
are presented as mean � SE.

RESULTS

Cross-sectional study
Baseline characteristics of the study pop-
ulation are presented in Table 1. Spear-
man correlations, including all subjects,
among adiponectin and the metabolic
markers, inflammatory markers, and vas-
cular reactivity, confirmed prior findings
of the positive correlation with HDL (r �
0.42, P � 0.01) and the negative correla-
tions with triglycerides (r � �0.35, P �
0.01), CRP (r � �0.21, P � 0.026),
PAI-1 (r � �0.39, P � 0.01), and BMI
(r � �0.32, P � 0.01). Additionally, we

discovered the negative correlation of adi-
ponectin with tPA (r � �0.30, P � 0.01)
(Table 2). We found no correlation of adi-
ponectin with vascular reactivity or glu-
cose levels. Spearman correlations,
including all subjects, among resistin and
the metabolic markers, inflammatory
markers, and vascular reactivity, con-
firmed prior findings of a negative corre-
lation with HDL (r � �0.23, P � 0.01)
and positive correlation with CRP (r �
0.25, P � 0.01) (Table 2). Resistin was
not associated with any other study vari-
able, including glucose.

We then performed bivariate regres-
sion analyses of adiponectin and of resis-
tin with metabolic factors, inflammatory
markers, and vascular reactivity consid-
ered as independent variables (Tables 3
and 4). We found a positive correlation of
adiponectin with HDL and a negative cor-
relation of adiponectin with triglycerides,
CRP, PAI-1, and tPA (Table 3). In addi-
tion, there was no association among adi-
ponectin and total cholesterol, LDL,
ICAM, ET1, TNF-�, and the vascular re-
activity measurements (flow at rest, flow-
mediated brachial artery dilation, NID,
ACH%, and NNP%). To adjust for poten-
tial confounders, we then performed mul-
tivariate regression analyses, adjusting for
successively introduced covariates: sex,
then sex and BMI, and finally sex, BMI,
and HbA1c. With adjustment for sex, all of
the positive and negative correlations
found with the bivariate analyses re-
mained significant. However, after adjust-
ing for both sex and BMI, only the positive
association with HDL and the negative as-
sociation for PAI-1 remained significant
(Table 3), indicating that adiponectin
may mediate the effect of obesity on trig-
lycerides, CRP, and tPA. Finally, we
found a positive correlation of resistin
with CRP and a negative correlation with
HDL (Table 4), and these associations re-
mained significant after adjusting for sex,
BMI, and HbA1c, indicating that the effect
of resistin is independent of obesity and
glycemic control. We also ran these cor-
relations of adiponectin and resistin with
metabolic markers, inflammatory mark-
ers, and vascular reactivity, excluding the
type 1 diabetic subjects. We found a sim-
ilar positive correlation of adiponectin
with HDL (r � 0.40, P � 0.01), a negative
correlation with PAI-1 (r � �0.33, P �
0.01), and a negative correlation with BMI
(r � �0.25, P � 0.025). However, the
other significant correlations found in the

Table 1—Baseline characteristics of the subjects

At risk of type 2 diabetes Diabetic patients

Total patients 37 40
Age (years) 49 � 12 53 � 13
Men 20 (54) 23 (58)
With first-degree relative (normal glucose

tolerance)
25 (68) —

With impaired glucose tolerance 12 (32) —
Type 1/type 2 diabetes — 20/20
Diabetes duration (years) — 8 � 12
BMI (kg/m2) 29.5 � 5.8 29.8 � 9.4
Fasting glucose (mg/dl) 90 � 11 178 � 79
HbA1c (%) 5.4 � 0.4 8.0 � 1.6
Total cholesterol (mg/dl) 206 � 40 205 � 42
LDL (mg/dl) 125 � 31 124 � 35
HDL (mg/dl) 59 � 19 60 � 14
Triglycerides (mg/dl) 118 � 78 102 � 75
Diabetes treatment

Diet — 1 (3)
Oral agents — 15 (37)
Insulin — 24 (60)

Resting brachial artery diameter (mm) 3.4 � 0.7 3.6 � 0.7
FMD 5.8 (4.0–9.3) 5.0 (3.2–7.8)
NID 15.2 (11.4–20.9) 13.4 (10.1–17.1)
ACH% 158 � 77 149 � 77
NNP% 88 � 49 93 � 44

Data are mean � SD, n (%), or median (25–75 percentiles). FMD, flow-mediated dilation percentage increase
over baseline (endothelium-dependent reactivity of macrocirculation).
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entire group did not remain significant
(triglycerides [r � �0.11] and CRP [r �
�0.17]), which was probably due to the
smaller n. None of the previously signifi-
cant correlations of HDL, CRP, and NID
with resistin remained significant when
we ran these correlations excluding the
type 1 diabetic subjects from the entire
group.

Finally, we ran all correlations in the
entire study sample after statistically con-
trolling for type 1 versus type 2 diabetes
status. The previously nonsignificant as-
sociations remained unchanged. The sig-
nificant associations were as follows after
controlling for diabetes status: 1) adi-
ponectin versus HDL (r � 0.27, P �
0.01), versus triglycerides (r � �0.07,
P � 0.45), versus tPA (r � �0.09, P �
0.32), versus BMI (r � �0.18, P � 0.04),
and versus PAI-1 (r � �0.022, P �
0.026) and 2) resistin versus HDL (r �
�0.27, P � 0.01), versus CRP (r � 0.23,
P � 0.026), and versus NID (r � �0.20,
P � 0.05), which remained essentially
unchanged.

Interventional study
Both atorvastatin and placebo treatment
resulted in a decrease in total cholesterol
and LDL levels, but the decrease in the
atorvastatin group was much greater (Ta-
ble 5). CRP levels also decreased signifi-
cantly in the atorvastatin group but did
not change significantly in the placebo
group. Serum adiponectin levels did not
change significantly in either the placebo
or active treatment group, and serum re-
sistin levels decreased significantly but to
the same extent in both groups (Table 5),
indicating that atorvastatin has no specific
effect on these two hormones. Similar re-
sults were obtained when diabetic and
nondiabetic subjects were considered
separately.

CONCLUSIONS — Accumulat ing
evidence from animal and human studies
shows that adiponectin plays an impor-
tant role in insulin sensitivity (24–28),
inflammation (29), atherogenesis
(30,31), lipid metabolism (6,24), and
thus influences hyperlipidemia and CAD
(29). The association between adiponec-
tin and insulin sensitivity has been estab-
lished in animal models in which
adiponectin administration reversed in-
sulin resistance in lipoatrophic mice (25).
Adiponectin levels are significantly lower
in humans with type 2 diabetes or insulin
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resistance (32) and increase in subjects
treated with thiazolidinediones (33,34),
suggesting that adiponectin plays a role in
the thiazolidinedione effect of improving
insulin sensitivity and decreasing inflam-
mation. In addition, adiponectin may
play a critical role in suppressing the in-
flammatory response that is associated
with atherogenesis, endothelial dysfunc-
tion, and ultimately vascular disease (29).
In vitro mechanistic studies in human
aortic endothelial cells have shown that
human recombinant adiponectin in a
dose-dependent manner suppresses en-
dothelial expression of adhesion mole-
cules, proliferation of vascular smooth
muscle cells, and the transformation of
macrophages to foam cells (30). Adi-
ponectin also significantly inhibits mac-
rophage phagocyt ic act iv i ty and
suppresses lipopolysaccharide-induced
production of TNF-� (29). Animal stud-
ies in apolipoprotein E– deficient mice
demonstrated that adiponectin sup-
pressed the expression of adhesion mole-
cules, scavenger receptors, and TNF-�
levels, which cumulatively resulted in re-
duced in vivo atherosclerosis (35). Fi-
nally, it has recently been reported that
circulating adiponectin correlates in-

versely with serum levels of certain in-
flammatory markers, such as CRP (13).
We searched for novel associations be-
tween circulating adiponectin and tPA, in
addition to confirming known associa-
tions with HDL, triglycerides, and PAI-1.
Adiponectin’s association with HDL and
PAI-1 was independent of BMI, which
suggests adiponectin may mediate some
effects of adiposity, but whether central
obesity or other unrecognized pathways
might play a regulatory role remains to be
elucidated by future studies.

We found that in subjects with diabe-
tes or at risk of developing diabetes, adi-
ponectin is negatively correlated with
BMI, triglycerides, CRP, PAI-1, and tPA,
suggesting that adiponectin may act as an
anti-inflammatory mediator with respect
to CRP, PAI-1, and tPA. These findings
are consistent with prior data that adi-
ponectin levels correlate negatively with
inflammation and endothelial dysfunc-
tion (12). In addition to adiponectin’s
negative association with CRP (13), a
molecule known to promote atherogene-
sis via monocytes and endothelial cells
(36), we provide the first description of a
negative association between adiponectin
and tPA, a molecule known to play a role

Table 3—Bivariate and multivariate regression analyses of serum adiponectin levels on met-
abolic factors, inflammatory markers, and vascular reactivity*

Parameters 	1 	2 	3 	4

Metabolic factors
Total cholesterol (mg/dl) 0.03 0.02 �0.05 �0.05
LDL cholesterol (mg/dl) �0.04 �0.04 �0.09 �0.08
HDL cholesterol (mg/dl) 0.37† 0.40† 0.31‡ 0.31†
Triglycerides (mg/dl) �0.22‡ �0.22‡ �0.17 �0.17

Inflammatory markers
ICAM (ng/ml) 0.17 0.19 0.21 0.19
ET1 (pg/ml) 0.15 0.15 0.24 0.21
TNF-� (pg/ml) �0.13 �0.14 �0.06 �0.05
CRP (mg/dl)* �0.22‡ �0.25† �0.07 �0.20
PAI-1 (ng/ml) �0.36† �0.36† �0.24‡ �0.21
tPA (ng/ml) �0.26† �0.26† �0.15 �0.15

Vascular reactivity
FR �0.11 �0.14 �0.002 �0.02
FMD 0.004 �0.003 �0.02 0.004
NID �0.03 �0.05 �0.04 0.01
ACH% �0.09 �0.12 �0.12 �0.10
NNP% 0.01 0.003 0.04 0.05

	1, bivariate standardized linear regression coefficient; 	2, multivariate standardized linear regression
coefficient adjusted for sex; 	3, multivariate standardized linear regression coefficient adjusted for sex and
BMI; 	4, multivariate standardized linear regression coefficient adjusted for sex, BMI, and HbA1c. FMD,
flow-mediated dilation percentage increase over baseline (endothelium-dependent reactivity of macrocir-
culation); FR, resting brachial artery diameter (in millimeters). *Logarithmic transformation performed
before analysis. †P � 0.01; ‡P � 0.025.

Table 4—Bivariate and multivariate regression analyses of serum resistin levels on metabolic
factors, inflammatory markers, and vascular reactivity*

Parameters 	1 	2 	3 	4

Metabolic factors
Total cholesterol (mg/dl) �0.004 �0.01 0.02 0.02
LDL cholesterol (mg/dl) 0.11 0.11 0.13 0.13
HDL cholesterol (mg/dl) �0.28† �0.33† �0.33‡ �0.33†
Triglycerides (mg/dl) 0.03 0.04 0.01 0.01

Inflammatory markers
ICAM (ng/ml) �0.02 �0.01 �0.06 �0.05
ET1 (pg/ml) 0.22 0.22 0.23 0.25
TNF-� (pg/ml) 0.01 0.01 �0.02 �0.01
CRP (mg/dl)* 0.28† 0.29† 0.38† 0.39†
PAI-1 (ng/ml) 0.12 0.13 0.10 0.13
tPA (ng/ml) 0.08 0.08 0.03 0.03

Vascular reactivity
FR 0.17 0.22 0.18 0.17
FMD �0.13 �0.13 �0.12 �0.12
NID �0.17 �0.17 �0.18 �0.17
ACH% 0.06 0.07 0.07 0.08
NNP% 0.07 0.06 0.05 0.05

	1, bivariate standardized linear regression coefficient; 	2, multivariate standardized linear regression
coefficient adjusted for sex; 	3, multivariate standardized linear regression coefficient adjusted for sex and
BMI; 	4, multivariate standardized linear regression coefficient adjusted for sex, BMI, and HbA1c. FMD,
flow-mediated dilation percentage increase over baseline (endothelium-dependent reactivity of macrocir-
culation); FR, resting brachial artery diameter (in millimeters). *Logarithmic transformation performed
before analysis; †P � 0.01; ‡P � 0.025.
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in impaired fibrinolysis in humans (37).
The negative correlation of adiponectin to
PAI-1, which is also associated with insu-
lin resistance and the metabolic syndrome
(38,39), provides another possible mech-
anism for adiponectin in affecting the
metabolic syndrome–induced morbidity
and mortality. Further analysis of adi-
ponectin adjusting for type of diabetes
showed slightly different associations
with tPA. These findings need to be con-
firmed in larger studies.

Resistin, which has recently been pro-
posed to play a role in obesity-mediated
insulin resistance (7), has a structure sim-
ilar to that of proteins that are involved in
inflammatory processes (12). More spe-
cifically, resistin is identical to FIZZ3
(found in inflammatory zone 3), and re-
sistin-like molecules, such as RELM-�
and RELM-	, are identical with FIZZ1
and FIZZ2, respectively. Patterns of ex-
pression of FIZZ proteins are very similar
to those reported for resistin and RELMs
(8,12). In addition, the pattern of expres-
sion and physiological functions pro-
posed for these proteins resemble those of
other well-known proinflammatory cyto-
kines, such as interleukin-6 and TNF-�,
both of which are involved in cardiovas-
cular obesity-related outcomes (40).
These findings suggest that resistin/FIZZ3
and RELMs/FIZZ1 and FIZZ2 may be in-
volved in the inflammatory processes as-
sociated with obesity (41), but the role of
resistin in vascular reactivity or potential
associations with inflammatory markers
have not been previously studied. In ad-

dition to the known negative correlation
between serum resistin and HDL, we re-
port a positive correlation of serum resis-
tin to CRP, and these correlations
remained significant after adjusting for
type of diabetes, which suggests that the
type of diabetes does not influence the
associations between resistin levels and
these variables. The positive association
to CRP also remained significant despite
adjustments for sex and BMI, suggesting
that resistin’s proinflammatory properties
may be independent of overall obesity.
Larger studies are needed to confirm and
extend these finding in healthy and dia-
betic subjects.

We did not find any correlations be-
tween vascular reactivity and adiponectin
or resistin in this study. There are two
published studies reporting conflicting
results regarding adiponectin and vascu-
lar function (42,43). More specifically, a
recent report showing that hypoadi-
ponectinemia is associated with impaired
endothelium-dependent vasodilation
(42) conflicts with our findings of no as-
sociation between adiponectin and any
vascular reactivity. Furthermore, the sec-
ond recently published report stated that
adiponectin is associated with endotheli-
um-independent vasodilation, but not
endothelium-dependent vasodilation
(43). Based on our findings and the find-
ings from these two other groups, we do
not feel there is a well-established and re-
producible association between vascular
reactivity and either adiponectin or resis-
tin levels.

Another topic we addressed in this
study was whether statin treatment alters
circulating adiponectin and resistin lev-
els. The current understanding of statin
efficacy in decreasing the relative risk of
major coronary events by 30% has been
attributed to several mechanisms, includ-
ing beneficial effects on plasma lipopro-
tein levels, endothelial function, plaque
architecture and stability, thrombosis,
and inflammation, which are seen in ad-
dition to and independent of decreased
LDL (44–48). Whereas it is enticing to
explain some of the vascular and inflam-
matory effects mediated by atorvastatin
possibly via alterations in adiponectin or
resistin levels, data from the interven-
tional part of the study show that atorva-
statin does not significantly alter serum
adiponectin or resistin levels when com-
pared with placebo. These data indicate
that other pathways may mediate atorvas-
tatin’s effects on insulin resistance and in-
flammatory processes.

In summary, the findings of this study
indicate that adiponectin may have a
wide-ranging role in metabolism and in-
flammation by being associated not only
with lipoprotein levels but also inflamma-
tory markers and that some of these asso-
ciations reflect an underlying association
with obesity, whereas others are indepen-
dent of obesity. However, resistin’s asso-
ciations with inflammatory markers
appear to be independent of BMI, sug-
gesting that resistin may have a direct
proinflammatory role or mediate its ef-
fects via yet to be discovered obesity-

Table 5—Results of changes in response to atorvastatin or placebo

Atorvastatin Placebo†

Before
treatment

After
treatment

Before
treatment

After
treatment

Adiponectin (�g/ml) 21.7 � 2.3 21.4 � 2.2 25.2 � 3.5 28.2 � 4.1
Resistin (ng/ml) 8.1 � 0.8 6.8 � 0.6* 8.1 � 0.8 6.7 � 0.6‡
BMI (kg/m2) 29.5 � 1.3 29.3 � 1.2 28.8 � 1.1 28.9 � 1.0
Total cholesterol (mg/dl) 199.8 � 7.0 150.7 � 5.8† 211.9 � 7.0 199.5 � 5.3†
HDL (mg/dl) 58.8 � 2.3 56.9 � 2.3 61.9 � 3.3 59.3 � 2.9
LDL (mg/dl) 120.4 � 5.9 76.7 � 4.9† 127.0 � 5.6 118.4 � 4.6†
Triglycerides (mg/dl) 114.3 � 15.0 99.3 � 14.5 110.2 � 13.0 116.2 � 12.9
ICAM (ng/ml) 240.3 � 9.2 244.8 � 8.6 219.3 � 16.9 236.6 � 13.3
ET1 (pg/ml) 0.76 � 0.05 0.70 � 0.04 0.66 � 0.08 0.68 � 0.07
TNF-� (pg/ml) 3.5 � 0.3 3.1 � 0.3 2.7 � 0.4 3.3 � 0.4
CRP (mg/dl) 0.32 � 0.05 0.25 � 0.04* 0.30 � 0.05 0.26 � 0.04
PAI-1 (ng/ml) 28.8 � 4.0 22.6 � 3.3 21.1 � 3.0 24.9 � 4.3
tPA (ng/ml) 7.7 � 0.7 7.2 � 0.7 6.6 � 0.6 6.4 � 0.6

Data are mean �SE. Atorvastatin, n � 34; placebo, n � 33. *P � 0.025; †P � 0.01; ‡P � 0.03.
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independent mechanisms. Finally,
neither vascular reactivity nor lipid pro-
file changes and inflammatory changes
produced by therapy with atorvastatin
can be attributed to alterations of either
adiponectin or resistin levels. Further
studies to confirm and extend these ob-
servations as well as to elucidate the un-
derlying mechanisms are clearly needed.
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41. Gómez-Ambrosi J, Frühbeck G: Do resis-
tin and resistin-like molecules also link
obesity to inflammatory diseases? Ann In-
tern Med 135:306–307, 2001

42. Tan KCB, Xu A, Chow WS, Lam MCW, Ai
VHG, Tam SCF, Lam KSL: Hypoadi-
ponectinemia is associated with impaired
endothelium-dependent vasodilation. J Clin
Endocrinol Metab 89:765–769, 2004

43. Fernandez-Real JM, Castro A, Vazquez G,
Casamitjana R, Lopez-Bermejo A, Penar-
roja G, Ricart W: Adiponectin is associ-
ated with vascular function independent
of insulin sensitivity. Diabetes Care 27:
739–745, 2004

44. Maron DJ, Fazio S, Linton MF: Current
perspectives on statins. Circulation 101:
207–213, 2000

45. Endres M, Laufs U, Huang Z, Nakamura
T, Huang P, Moskowitz MA, Liao JK:
Stroke protection by 3-hydroxy-3-meth-
ylglutaryl (HMG)-CoA reductase inhibi-
tors mediated by endothelial nitric oxide
synthase. Proc Natl Acad Sci U S A 95:
8880–8885, 1998

46. Sakai M, Kobori S, Matsumura T, Biwa T,
Sato Y, Takemura T, Hakamata H, Horiu-
chi S, Shichiri M: HMG-CoA reductase in-
hibitors suppress macrophage growth
induced by oxidized low density lipopro-
tein. Atherosclerosis 133:51–59, 1997

47. Ridker PM, Rifai N, Pfeffer MA, Sacks F,
Braunwald E: Long-term effects of prava-
statin on plasma concentration of C-
reactive protein: the Cholesterol and
Recurrent Events (CARE) investigators.
Circulation 100:230–235, 1999

48. Hernandez-Perera O, Perez-Sala D, Na-
varro-Antolin J, Sanchez-Pascuala R, Her-
nandez G, Diaz C, Lamas S: Effects of the
3-hydroxy-3-methylglutaryl-CoA reduc-
tase inhibitors, atorvastatin and simvasta-
tin, on the expression of endothelin-1 and
endothelial nitric oxide synthase in vascu-
lar endothelial cells. J Clin Invest 101:
2711–2719, 1998

Shetty and Associates

DIABETES CARE, VOLUME 27, NUMBER 10, OCTOBER 2004 2457

D
ow

nloaded from
 http://ada.silverchair.com

/care/article-pdf/27/10/2450/561706/zdc01004002450.pdf by guest on 10 April 2024


