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Abstract

Persons with type 1 diabetes are at increased risk of developing vascular disease. Adiponectin 

concentrations may play an intermediate role in this process. We sought to determine whether 

adiponectin is correlated with vascular stiffness in adolescents with type 1 diabetes. Plasma 

adiponectin, pulse wave velocity (PWV), augmentation index (AIx-75), and brachial distensibility 

(BrachD) were collected in 225 adolescents. Outcomes were evaluated by sex, and regression 

models were used to determine whether adiponectin was an independent determinant of arterial 

stiffness. Males had lower adiponectin levels and stiffer vessels (lower BrachD, p<0.01) than 

females. Unadjusted correlations revealed that adiponectin was correlated with BrachD (p<0.01) 

but not PWV and AIx-75. After adjustment, adiponectin was not a significant predictor of BrachD. 

The most consistent predictors of increased stiffness were age, male sex, blood pressure, obesity, 

and total cholesterol (p<0.05). Adiponectin’s contributions to arterial stiffness appear to be 

masked by other cardiovascular risk factors in persons with type 1 diabetes.
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Introduction

Vascular disease is common in persons with type 1 diabetes (1). Increased arterial stiffness 

is one mechanism that may explain this finding, as vascular dysfunction is linked with 

higher rates of cardiovascular disease (2). Reproducible non-invasive methods for assessing 

atherosclerosis-related increases in arterial stiffness include pulse wave velocity (PWV), 

augmentation index (AIx-75) (3) and brachial arterial distensibility (BrachD) (4). Prior work 

has found that adolescents with type 1 diabetes have increased vascular stiffness as 

evidenced by increased PWV and AIx-75, and decreased BrachD, compared with healthy 

controls (5). Despite this finding, the pathophysiologic factors that contribute to vascular 

stiffness are poorly understood.

Prior work has suggested adiponectin may play a protective role in the development of 

vascular disease (6). Adiponectin is a 244-amino acid protein secreted by the adipose tissue 

that is believed to have some anti-inflammatory (7) and anti-atherosclerotic properties (8).

To date, most studies in persons with type 1 diabetes have evaluated adiponectin in the 

setting of advanced arterial disease. Only one study has evaluated the association between 

adiponectin and early vascular changes. Using aortic ultrasound imaging to assess arterial 

stiffness, distensibility, and compliance, Galler et al. found no relationship between serum 

adiponectin levels and these functional measures (9). Given the paucity of studies in this 

area, we sought to evaluate the relationship between adiponectin and early arterial disease 

using PWV, AIx-75, and BrachD (three non-ultrasound measures of arterial stiffness) in 

adolescents with type 1 diabetes who participated in the SEARCH for Diabetes in Youth 

Study.

Materials and methods

Participants

Data for these analyses come from a sub-study of the multicenter SEARCH for Diabetes in 

Youth study. A detailed description of SEARCH study methods has been published (10). 

SEARCH participants were recruited between September 2004 and October 2005 from two 

of the six SEARCH study sites (Colorado and Ohio) to participate in a sub-study to examine 

determinants of arterial stiffness. Participants included in the analysis had a diagnosis of 

type 1 diabetes from a health care provider and were aged > 10 years at the study visit. The 

study was reviewed and approved by local institutional review boards. Informed consent and 

assent, where applicable, were obtained from all participants and their parent/guardian if 

aged < 18 years at the time of the visit.

Study measures

Youth with diabetes, or their parent/guardian, completed an initial survey on demographic 

factors. Diabetes type was reported by health care providers or abstracted from medical 

records. A provider report of type 1 diabetes has been shown to be consistent with clinical 

and biochemical characteristics of type 1 diabetes, including the presence of diabetes 

autoantibodies (11).
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After an overnight fast, blood was drawn to measure adiponectin, hemoglobin A1c (HbA1c), 

lipids [total cholesterol, high density lipoprotein (HDL) and low density lipoprotein (LDL) 

cholesterol, and triglycerides], and C-reactive protein (CRP). Analysis of plasma 

adiponectin was performed using a commercial radioimmunoassay kit [Linco Research, St 

Charles, MO, USA (now Millipore)] (12). This assay uses 125I-labeled murine adiponectin 

and a multispecies anti-adiponectin polyclonal antibody. It has a sensitivity of 1 ng/mL and 

the standard curve range is 1–200 ng/mL. Analysis of each sample is performed in duplicate. 

The intra- and inter-assay coefficients of variation were 6.21 % and 9.25 %, respectively. 

The specific methods for the other laboratory tests (HbA1c, lipids, and CRP) have been 

described previously (10, 13).

Height, weight, and waist circumference were measured for all participants and body mass 

index (BMI) was calculated (10). Weight and height were compared with 2000 Centers for 

Disease Control and Prevention standards for the Unites States to calculate normalized BMI 

z-scores. The average of two anthropometric measures was used in the analyses.

Arterial function testing

At a separate cardiovascular disease visit, three arterial function measurements were 

obtained after 5 min of rest in the supine position: PWV, AIx-75, and BrachD. PWV was 

measured with a SphygmoCor SCOR-PVx System (Atcor Medical, Sydney, Australia). 

Three separate recordings were taken and averaged. Distance from the proximal (carotid) to 

the distal (femoral) artery recording site was measured to the nearest 0.1 cm and entered into 

the software. A tonometer was used to collect proximal and distal arterial waveforms gated 

by the R-wave on a simultaneously recorded ECG. PWV was then calculated as the carotid-

to-distal path length divided by the time delay measured between the feet of the two 

waveforms and reported in milliseconds (3). A higher PWV indicates stiffer vessels. Repeat 

measures of PWV have demonstrated a coefficient of variability of < 7% (5).

AIx-75, which provides information about arterial stiffness and pulse wave reflections (3) 

was also collected. AIx-75 was collected when the SphygmoCor tonometer was placed over 

the right radial artery. The device analyzes pulse waves using a generalized transfer function 

validated in a catheterization laboratory to calculate a central aortic pressure wave (14). 

AIx-75 was derived from the central pressure waveform by calculating the difference 

between the main outgoing wave and the reflected wave of the central arterial waveform, 

expressed as a percentage of the central pulse pressure. As AIx is affected by heart rate, 

values were adjusted to a standard heart rate of 75 beats per minute (AIx-75). A higher 

AIx-75 implies stiffer vessels. Reproducibility studies have demonstrated intraclass 

correlation coefficients between 0.7 and 0.9 (5).

Three measures of BrachD were obtained with a DynaPulse Pathway instrument (Pulse 

Metric, San Diego, CA, USA) as previously described (4). This device derives brachial 

artery pressure curves from arterial pressure distensibility signals obtained from a standard 

cuff sphygmomanometer. A lower BrachD indicates stiffer vessels. Repeat measures have 

shown a coefficient of variability of < 9% (5).
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Statistical analyses

Statistical analyses were performed using SAS software version 9.2 (SAS Institute, Cary, 

NC, USA). Comparisons of demographic and clinical characteristics by sex were examined 

using χ2-tests for categorical variables and t-tests for continuous variables. Log 

transformations were used for non-normal continuous variables (duration of diabetes, 

triglycerides, and CRP). Simple correlations were examined to determine the association 

between adiponectin and the three arterial stiffness outcomes (PWV, AIx-75 and BrachD). 

Multiple linear regression models were then constructed using a manual stepwise process to 

elucidate independent determinants of each arterial stiffness measure after adjustment for 

potential covariates on this relationship. Variables included in this process were: age, race, 

sex, BMI z-score, duration of diabetes, mean arterial pressure (MAP, to control for 

background distending pressure), lipid parameters (total cholesterol, LDL and HDL 

cholesterol, and triglycerides), CRP, waist circumference, HbA1c, and heart rate (except for 

AIx-75, which is already adjusted to a standard heart rate of 75 beats per minute). Height 

was added to the model for AIx-75 as height directly influences wave reflections from the 

heart. All models were adjusted for clinic site and the time difference between drawing 

blood and measuring arterial function. Before variables were added to the models, 

collinearity between variables was assessed. p-Values of < 0.05 were deemed significant in 

these analyses.

Results

The study population consisted of 225 participants with type 1 diabetes who were a mean 

age of 14.7 ± 2.9 years; 53 % male and 86 % non-Hispanic white. There were no differences 

in age, race, BMI distribution, waist circumference, or duration of diabetes by sex (Table 1). 

Females had worse cardiovascular risk factors, with higher total and LDL cholesterol, 

triglycerides, HbA1c, and CRP levels (p < 0.05), whereas males had lower adiponectin levels 

(p < 0.05).

The hemodynamic data are presented in Table 2. Heart rate was lower in males than females 

(p < 0.01), and males had marginally higher systolic blood pressure (p = 0.052). AIx-75 was 

higher in females than males (p < 0.01) but after adjustment for height, AIx-75 was no 

longer significantly different by sex (p = 0.38). BrachD was lower in males (p < 0.01).

Unadjusted correlations revealed that higher adiponectin levels were associated with a 

higher BrachD (less arterial stiffness) (r = 0.167, p = 0.02). There was no correlation 

between adiponectin and PWV and AIx-75 (r = 0.081, p = 0.23 and r = −0.096 p = 0.16, 

respectively). After adjustment for covariates, adiponectin was not a significant independent 

predictor of BrachD. The final regression models for each of the three arterial stiffness 

measures are listed in Table 3. Only significant variables are listed. Older age, male sex, 

higher MAP, higher heart rate, and larger waist circumference were associated with a higher 

PWV (p < 0.05). Total cholesterol and higher MAP were associated with higher AIx-75 and 

lower BrachD was associated with male sex, higher BMI, and higher heart rate (p < 0.05).
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Discussion

Our findings demonstrate that in a large population of adolescents with type 1 diabetes 

plasma adiponectin concentrations are not independently associated with non-ultrasound 

measures of arterial stiffness. This paper supports findings published on a similar but 

smaller cohort, which evaluated the relationship between adiponectin and abdominal aortic 

stiffness, compliance, and distensibility (9). Confirmation is important because of the lack of 

reports in the literature regarding the relationship between adiponectin and early arterial 

disease in the setting of type 1 diabetes.

Adiponectin is widely regarded as an anti-atherogenic, antioxidant, and anti-inflammatory 

molecule (7, 8, 15). In the setting of type 1 diabetes, plasma adiponectin is paradoxically 

increased (16–20). Hypotheses to explain these higher concentrations have included: 1) 

adiponectin mediates vascular damage in the setting of type 1 diabetes (21), 2) higher levels 

reflect a compensatory response to vascular injury (18, 22), 3) adiponectin levels are 

dependent on renal clearance; thus higher levels reflect renal compromise (23), and 4) 

higher levels are caused by subcutaneous insulin treatment (24).

Supporting adiponectin’s role as a protective molecule, two large prospective case-control 

studies in adults have shown that low levels of adiponectin predict the risk of coronary 

artery disease and progression of coronary artery calcification (17, 20). By contrast, a recent 

study conducted by Forsblom et al. found higher adiponectin levels to be associated with 

increased cardiovascular and all-cause mortality in persons with type 1 diabetes (21). 

Discrepant findings are postulated to be due to the confounding effects of renal dysfunction 

in persons with type 1 diabetes because renal function is a major determinant of adiponectin 

concentrations (25) and renal disease is strongly associated with cardiovascular risk (26). 

These studies clearly suggest that the role of adiponectin as a marker or mediator of vascular 

disease remains to be established.

Studies in adolescents have also demonstrated higher adiponectin concentrations in persons 

with type 1 diabetes compared with healthy controls (9, 16, 27). Using ultrasound measures 

of aortic stiffness, distensibility, and compliance, Galler et al. found no relationship between 

plasma adiponectin and these arterial function measures (9). The authors postulated this lack 

of association could be due to the small number of subjects in their study. Using a larger 

sample (n = 225) we confirm no relationship between adiponectin and AIx-75 and PWV. 

We did find a univariate association between adiponectin and BrachD suggesting a 

protective relationship. However, after adjustment for other covariates, this relationship was 

no longer significant. We therefore speculate that this relationship is mediated through 

gender and BMI, as suggested by our regression models and by others (4). Thus, in youth 

with type 1 diabetes these cardiovascular risk factors are more strongly associated with 

arterial stiffness.

Limitations of this study include its cross-sectional design, as this limits our ability to assess 

causality. Longitudinal studies are needed in adolescents with type 1 diabetes to fully 

understand the role of adiponectin in early arterial stiffness. In this study we measured total 

adiponectin. Studies in adults suggest high molecular weight adiponectin or the ratio of high 
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molecular weight to total adiponectin may better predict changes in the vasculature and, 

ultimately, coronary artery disease (28–30).

In summary, this study extends a previous report of a lack of an independent association 

between plasma adiponectin concentrations and arterial stiffness by using alternative 

measures of arterial stiffness in a large population of youth with type 1 diabetes. These data 

strengthen the argument that adiponectin concentration does not play an independent role 

during the early stages of the development of arterial disease in youth with type 1 diabetes.
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Table 1

Characteristics of the study population.

Variable Males Females p-Value

n, %a 120 (53) 105 (47)   0.32

Racea

 Non-white % 17 (14) 14 (13)   0.856

 White, % 103 (86) 91 (87)

Ageb 147±2.7 14.8±3.1   0.71

Height, mb 172±012 163±0.07 <0.01

Height SDSb 052±0.90 0.34±0.96   0.17

Weight, kgb 683±1.6 63.7±1.4   0.03

Body mass index, kg/m2b 2.29±4.2 23.8±4.6   0.12

Body mass index z-scoreb 052±0.96 0.56±0.94   0.73

Waist circumference, cmb 780±113 798±127   0.27

Duration of diabetes, monthsc 222±229 297±313   0.34

Total cholesterol, mmol/Lb 4.11±0.71 4.37±078   0.01

High density lipoprotein, mmol/Lb 136±027 141±0.29   0.15

Low density lipoprotein, mmol/Lb 239±0.56 2.53±0.63   0.07

Triglycerides, mmol/Lc 079±0.38 093±0.45   0.01

Hemoglobin A1c, %b 77±1.3 8.1±1.5   0.01

C-reactive protein, mmol/Lc 010±0.3 0.17±0.3 <0.01

Adiponectin, μg/mLb 154±5.5 17.8±7.2 <0.01

Values are mean±SD or n (%).

a
p-Value from χ2-test.

b
p-Value from t-test.

c
t-test on log transformed values. No SI units available for adiponectin.
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Table 2

Mean hemodynamic and arterial stiffness values by sex.

Variable Males Females p-Value

Heart rate, beats per minutea 69±1 76±1 <0.01

Systolic BP, mm Hg 118±11 115±10   0.052

Diastolic BP, mm Hg 69±10 69±9   0.82

Mean arterial pressure, mm Hga 83±1 83±1   0.70

PWV, msa 546±009 536±0.74   0.40

AIx-75, % (unadjusted)a −239±092 123±0.98 <0.01

BrachD, %/mm Hga 576±119 620±1.03 <0.01

Values are mean ± SD.

a
p-Value from t-tests. Alx-75, augmentation index; BrachD, brachial distensibility; PWV, pulse wave velocity.
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Table 3

Determinants of arterial stiffness among youth with type 1 diabetes mellitus.

Region PWV femoral AIx-75 BrachD

Intercept   7.92 (5.48, 10.36)

Age (baseline)   0.10 (0.05, 0.15)

Gender (female vs. male) −0.23 (−0.43, −0.04)   0.52 (0.22, 0.82)

BMI, kg/m2 −0.41 (−0.67, −0.16)

Height, cm −0.34 (−0.50, −0.17)

MAP, mm Hg   0.03 (0.01, 0.04)   0.32 (0.13, 0.51)

Total cholesterol, mg/dL   0.08 (0.03, 0.13)

Heart rate, beats per minute   0.01 (3.61E-03, 0.02) −0.02 (−0.03, −0.01)

Waist circumference, cm   0.02 (0.01, 0.04)

Model R2   0.51   0.30   0.31

Multiple linear regression with β coefficient and confidence intervals for β. All covariates were allowed to enter the model except height but not 
heart rate for AIx-75. Only significant covariates are listed above, p < 0.05. Models were adjusted for clinic site and time difference between visits. 
Alx-75, augmentation index; BMI, body mass index; BrachD, brachial distensibility; MAP, mean arterial pressure; PWV, pulse wave velocity.
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