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OBJECTIVEdThis study investigated the association between arterial stiffness and plasma
adiponectin in patients with type 1 diabetes.

RESEARCH DESIGN AND METHODSdParticipants were normotensive patients with
type 1 diabetes who were up to age 40 years. Subjects on statins with macrovascular disease or
overt nephropathy were excluded. Large artery stiffness was assessed bymeasurement of carotid-
femoral pulse wave velocity (PWV), whereas plasma adiponectin was measured by radioimmu-
noassay.

RESULTSdData from 80 patients (age 27.16 6.1 years, BMI 24.26 3.1 kg/m2, HbA1c 7.56
1.6%, 39 men, adiponectin 13.9 6 6.7 mg/mL, and PWV 5.6 6 0.9 m/s) were analyzed. Log
adiponectin inversely correlated with age-adjusted PWV (r = 20.291, P = 0.009) and waist
circumference (r = 20.427, P , 0.001). In a fully adjusted model, age, expiration/inspiration
index, and log adiponectin were independently associated with PWV, explaining 39.6% of its
variance.

CONCLUSIONSdArterial stiffness is inversely related to adiponectin concentration in
young patients with type 1 diabetes without major complications.
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Arterial stiffness, an independent pre-
dictor of total and cardiovascular
mortality, can be assessed noninva-

sively by measurement of pulse wave
velocity (PWV) (1), which is increased
at early stages of type 1 diabetes (2,3).
Plasma adiponectin, an adipocytokine
with insulin-sensitizing, antiatherogenic,
and anti-inflammatory properties (4), is
high in patients with type 1 diabetes (5,6).
Although adiponectin is inversely related
to arterial stiffness in subjects with essential
hypertension (7,8), no adiponectin-PWV
relationship has been shown in children/
adolescents with type 1 diabetes (9). This
study investigated the association between

adiponectin and PWV in young adults
with type 1 diabetes.

RESEARCH DESIGN AND
METHODSdThis was a cross-sectional
study enrolling outpatients with type 1
diabetes aged 18–40 years. Subjects with
cardiovascular disease, overt nephropathy,
hypertension, and dyslipidemia (including
those on statins) were excluded. Carotid-
femoral PWVwas measured with automatic
computerized technique (SphygmoCor;
AtCor Medical, West Ryde, Australia).
Cardiac autonomic function was assessed
as proposed by Ewing et al. (10) using the
computer-aided system VariaCardio TF4

(Medical Research Limited, Leeds, U.K.)
via 1) heart rate response to slow deep
breathing (expiration/inspiration index),
2) heart rate response to standing up
(30:15 ratio), 3) heart rate response to Val-
salva maneuver, and 4) blood pressure
response to standing up. Each normal,
borderline, or abnormal test was graded
as 0, 1, or 2, respectively. Cardiac auto-
nomic neuropathy (CAN) score was the
sum of partial scores (range 0–8). Adipo-
nectin was measured by radioimmunoas-
say (Linco Research, St. Charles, MO).
Adiponectin was log transformed because
it showed positively skewed distribution.
Partial correlation coefficients were calcu-
lated, and independent predictors of PWV
were identified by multivariate linear re-
gression via the Statistical Package for So-
cial Sciences software (release 17.0; SPSS,
Chicago, IL).

RESULTSdParticipants (n = 80, 49%
male) were young (27.16 6.1 years), pre-
dominantly (66%) nonsmokers, and nor-
motensive (systolic/diastolic blood
pressure 119.9 6 12.7/76.8 6 12.4
mmHg) adults with normal BMI
(24.2 6 3.1 kg/m2) and lipids (LDL
102.3 6 26 mg/dL, HDL 58.8 6 13.2
mg/dL, and triglyceride 68 6 35.7
mg/dL), moderate duration of diabetes
(12.36 7.7 years), low rates of early com-
plications (retinopathy 20%, microalbu-
minuria 7.5%, and CAN 8.8%), and
suboptimal metabolic control (HbA1c

7.56 1.6%). The majority (78.7%) of pa-
tients were insulin treated via multiple
daily injections and the rest with contin-
uous subcutaneous infusion. Patients
with microalbuminuria were treated
with ACE inhibitors.

Adiponectin (populationmean 13.96
6.7 mg/mL) was higher in females (16.86
6.7 mg/mL) than in males (10.9 6 5.2
mg/mL; P, 0.001). Log adiponectin was in-
versely associated with waist circumference
(r = 20.427, P , 0.001) and total insulin
units/day (r = 20.227; P = 0.043). PWV
(mean 5.6 6 0.9 m/s) correlated strongly
with age (r = 0.452, P , 0.001) and was

c c c c c c c c c c c c c c c c c c c c c c c c c c c c c c c c c c c c c c c c c c c c c c c c c

From the 1First Propaedeutic Department of Medicine, Athens University Medical School, Laiko General
Hospital, Athens, Greece; the 2Nuclear Medicine Department, Laiko General Hospital, Athens, Greece;
and the 3Research Laboratory “Christeas Hall” and Evgenideion Hospital, Athens University Medical
School, Athens, Greece.

Corresponding author: Afroditi Tsiakou, afro.tsiakou@gmail.com.
Received 27 February 2012 and accepted 8 August 2012.
DOI: 10.2337/dc12-0387
© 2013 by the American Diabetes Association. Readers may use this article as long as the work is properly

cited, the use is educational and not for profit, and thework is not altered. See http://creativecommons.org/
licenses/by-nc-nd/3.0/ for details.

734 DIABETES CARE, VOLUME 36, MARCH 2013 care.diabetesjournals.org

C a r d i o v a s c u l a r a n d M e t a b o l i c R i s k
B R I E F R E P O R T

mailto:afro.tsiakou@gmail.com
http://creativecommons.org/licenses/by-nc-nd/3.0/
http://creativecommons.org/licenses/by-nc-nd/3.0/


similar in males (5.8 6 0.8 m/s) and fe-
males (5.4 6 0.9 m/s; P = 0.086). After
adjustment for age (including all CAN
tests), PWV correlated with waist circum-
ference (r = 0.279; P = 0.01), systolic (r =
0.250; P = 0.03) and diastolic (r = 0.303;
P = 0.007) blood pressure, expiration/
inspiration index (r = 20.308; P = 0.006),
total insulin units/day (r = 0.247; P =
0.028), and log adiponectin (r = 20.291;
P = 0.009). PWVdid not differ with respect
to current smoking status, microalbumin-
uria, retinopathy, or drug therapy. Patients
with CANhad higher PWV (6.56 1.2m/s)
than patients without CAN (5.56 0.8 m/s;
P = 0.008), but PWV did not correlate with
total CAN score (r = 0.175; P = 0.12).

Three multivariate linear regression
models were created to further examine
the PWV–log adiponectin association
(Table 1). In thefirstmodel, log adiponectin
was inversely associated with PWV, inde-
pendently of age, diabetes duration, blood
pressure, and expiration/inspiration in-
dex, whereas this relationship remained
virtually unchanged after the addition of
sex in the second model. In the fully

adjusted third model, where measures of
adipositywere also included, age, expiration/
inspiration index, and log adiponectin were
independently associated with PWV, ex-
plaining 39.6% of the variance of PWV.
Adjustment for total insulin units/day
and smoking did not affect the PWV–log
adiponectinassociationand theb-coefficients
of model 3. Hence, according to the latter
model, due to the log transformation of
the adiponectin values, a twofold increase
in adiponectin will result in a 0.322 m/s
decrease in PWV.

CONCLUSIONSdThis is the first re-
port on the relationship of adiponectin
with arterial stiffness in young patients
with type 1 diabetes, while the emer-
gence of age and expiration/inspiration
index as independent predictors of arte-
rial elasticity corroborates previous find-
ings (1,11). Adiponectin may act as an
endogenous modulator of vascular re-
modeling and decrease PWV by reducing
inflammatory mediators, neointimal
thickening, and vascular smooth muscle
cell proliferation (4). The increased

adiponectin in patients with type 1 dia-
betes is attributed to compensatory re-
sponse to vascular injury, decreased
renal clearance, subcutaneous insulin
treatment, and posttranslational modifi-
cations (glycosylation) (4,12,13).

The significant PWV-adiponectin as-
sociation in multivariate analysis after
adjustment for insulin units renders un-
likely the possibility of confounding or
mediation by insulin. In line with our
previous findings, PWV showed an in-
verse relation with parasympathetic ac-
tivity expressed as expiration/inspiration
index (11). The apparently paradoxical
lack of a relationship between PWV and
HbA1c, which corroborates two related
reports (14,15), could be explained by
the cross-sectional design and by specu-
lating that the effects of hyperglycemia on
the vasculature may not be detected with
measures such as PWV and/or may
reach a measurable extent only after de-
cades from diagnosis of diabetes.

While insulin resistance is usually a
late, secondary phenomenon in type 1
diabetes, we cannot exclude the possibility
that in participants with insulin resistance
and low adiponectin, the effect of the latter
on PWV was exerted to some extent via
hyperinsulinemia, inasmuch as adiponectin
enhances insulin sensitivity through stim-
ulation of adenosine monophosphate–
activated protein kinase (4). The lack of
association between smoking and arterial
stiffness could be attributed to partici-
pants’ young age and the fact that smoking
status was assessed dichotomously be-
cause no detailed data such as pack/years
were available. The fact that our popula-
tion consisted exclusively of young, nor-
motensive patients with no cardiovascular
disease may account for the absence of a
blood pressure–PWV association.

Study limitations include the relatively
small sample size and the cross-sectional
design. Therefore, a causative adiponectin-
arterial stiffness relationship cannot be
established. Hence, the decrease in PWV
with lifestyle/pharmacologic interventions
that increase adiponectinmay be attributed
rather to the intervention itself than to
adiponectin elevation. Future studies may
assess adiponectin at diagnosis of diabe-
tes and after cardiovascular events, while
randomized trials could target increasing
adiponectin in patients with type 1 di-
abetes and low adiponectin.
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Table 1dMultivariate analysis with PWV as dependent variable

b-Coefficient SE
Standardized
b-coefficient P

Model 1. Independent variables: age, SBP or DBP, E/I index, diabetes duration, and log
adiponectin (R2 = 0.395)

Age 0.040 0.017 0.268 0.021
E/I index 21.312 0.602 20.235 0.032
Log adiponectin 21.236 0.411 20.282 0.004
DBP* 0.014 0.007 0.184 0.065
Diabetes duration 0.019 0.013 0.160 0.153

Model 2: Model 1 plus sex (R2 = 0.395)

Age 0.040 0.017 0.264 0.023
E/I index 21.367 0.609 20.245 0.028
Log adiponectin 21.088 0.463 20.248 0.022
DBP 0.012 0.007 0.168 0.101
Diabetes duration 0.019 0.013 0.158 0.157
Sex 20.135 0.192 20.074 0.458

Model 3: Model 2 plus BMI or waist circumference (R2 = 0.396)

Age 0.039 0.017 0.262 0.026
E/I index 21.364 0.614 20.244 0.029
Log adiponectin 21.070 0.495 20.244 0.034
DBP 0.012 0.008 0.165 0.124
Diabetes duration 0.019 0.013 0.160 0.159
Sex 20.133 0.195 20.073 0.498
BMI 0.004 0.032 0.012 0.913

DBP, diastolic blood pressure; E/I index, expiration/inspiration index; SBP, systolic blood pressure. *SBP has
virtually the same impact in the model (R2 = 0.40, b = 0.013, standardized b = 0.176, P = 0.067).
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