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Abstract: Adiponectin, an anti-inflammatory and anti-atherogenic protein, affects glucose metabolism.
High serum adiponectin levels are associated with decreased diabetes mellitus (DM) risks. Aortic
arterial stiffness (AS) is associated with cardiovascular disease and mortality in type 2 DM patients.
We assessed the association between adiponectin levels and aortic AS in type 2 DM patients. We
measured serum adiponectin levels in 140 volunteers with type 2 DM and assigned patients with
carotid—femoral pulse wave velocity (cfPWV) >10 m/s to the aortic AS group (n = 54, 38.6%). These
patients had higher systolic (p = 0.001) and diastolic (p = 0.010) blood pressures; body fat masses
(p = 0.041); serum triglyceride (p = 0.026), phosphorus (p = 0.037), and insulin (p = 0.040) levels; and
homeostasis model assessment of insulin resistance values (p = 0.029) and lower estimated glomerular
filtration rates (p = 0.009) and serum adiponectin levels (p = 0.001) than controls. Multivariable logistic
regression analysis adjusted for confounders showed serum adiponectin levels (OR 0.922; 95% CI,
0.876-0.970; p = 0.002) as an independent predictor of aortic AS. Multivariable forward stepwise linear
regression analyses showed that serum adiponectin levels (3 = —0.283, adjusted R? change: 0.054,
p < 0.001) were negatively associated with cfPWV. Thus, serum adiponectin level is an independent
predictor of aortic AS in type 2 DM patients.
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1. Introduction

Adiponectin is an adipocytokine with insulin-sensitizing, anti-atherogenic, and anti-inflammatory
properties [1]. It is the most abundant adipocytokine effectively affecting glucose and lipid
metabolism [1]. Adiponectin activates the 5-adenosine monophosphate-activated protein kinase
and peroxisome proliferator-activated receptor-a pathways that have insulin-sensitizing effects [2].
Furthermore, adiponectin suppresses oxidative stress and inflammation, thereby improving insulin
resistance in type 2 diabetes mellitus (DM) patients [3]. Low adiponectin levels may help predict
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type 2 DM development, and serum adiponectin levels may enhance insulin sensitivity in DM
patients [4]. Moreover, low serum adiponectin levels can be used to predict both future abdominal
visceral fat accumulation and increased insulin resistance [5]. Adiponectin deficiency associated
with obesity, metabolic syndrome, and type 2 DM may contribute to accelerated atherosclerosis and
vascular dysfunction [6]. Low serum adiponectin levels can also be used to predict atherosclerotic
cardiovascular diseases and myocardial infarction [7].

Carotid—femoral pulse wave velocity (cfPWV) has been widely accepted in clinical practice as a
gold standard for determining central arterial stiffness (AS) [8]. Increased cfPWYV values are an early
risk marker for DM [9]. Moreover, AS is positively associated with the progression of microvascular
complications of DM such as nephropathy, retinopathy, and neuropathy [10]. Indeed, increased ASis a
crucial predictor of the development of cardiovascular disease and mortality in type 2 DM patients [11].
Recent studies have suggested that low circulating adiponectin levels are associated with aortic AS in
patients undergoing kidney transplantation or hemodialysis, in those with chronic kidney disease, and
in young normotensive type 1 DM patients [12-15]. However, the association between aortic AS and
serum adiponectin levels remains unknown in type 2 DM patients. Therefore, this study aimed to
evaluate the association between fasting serum adiponectin levels and aortic AS in type 2 DM patients.

2. Experimental Section

2.1. Participants

This was a cross-sectional study, and the Protection of the Human Subjects Institutional Review
Board of the Tzu Chi University and Hospital approved the study protocol (IRB103-136-B, October
2014). We recruited 140 type 2 DM patients at a medical center in Eastern Taiwan from November 2014
to March 2015. All participants took a 10-min rest and signed their informed consent forms; following
this, trained staff measured their blood pressures (BPs) using standard mercury sphygmomanometers
with appropriate cuff sizes. We analyzed averaged values of participants’ systolic BP (SBP) and diastolic
BP (DBP), derived from three measurements at 5-min intervals. We included type 2 DM patients aged
>18 years and excluded those with malignancies, acute infections, heart failure, or acute myocardial
infarctions and those who refused to provide informed consent for the study.

2.2. Anthropometric Analysis

Patients” waist circumferences were measured using a measuring tape around the waist from the
point between the lowest ribs and the hip bones. Body weights were measured, with patients in light
clothing and without shoes, to the nearest 0.5 kg and body heights to the nearest 0.5 cm. Body mass
indexes (BMlIs) were calculated as weight in kilograms divided by height in squared meters. We used
a single-frequency (50 kHz) analyzer to measure whole-body bioimpedances (hand—foot) of the fat
mass on the basis of the standard tetrapolar (Biodynamic-450, Biodynamics Corporation, Seattle, USA).
Same operator obtained all the measurements [12,13,16,17].

2.3. Biochemical Investigations

All participants’ fasting blood samples (approximately 5 mL) were immediately centrifuged at
3000 g for 10 min. We used an autoanalyzer to measure the serum levels of fasting glucose, total calcium,
phosphorous, glycated hemoglobin (HbA1c), blood urea nitrogen (BUN), creatinine, triglycerides (TGs), total
cholesterol (TCH), low-density lipoprotein cholesterol (LDL-C), and high-density lipoprotein cholesterol
(HDL-C) (Siemens Advia 1800, Siemens Healthcare GmbH, Henkestr, Germany) [12,13,16,17]. Random
spot urine testing was performed for determining urine albumin-to-creatinine ratios (UACRs). Insulin
(Labor Diagnostika Nord, Nordhorn, Germany) and serum total adiponectin (SPI-BIO, Montigny le
Bretonneux, France) levels were measured using commercially available enzyme-linked immunosorbent
assays [12,13]. We used the Chronic Kidney Disease Epidemiology Collaboration equation to estimate
glomerular filtration rates (eGFRs). We calculated the homeostatic model assessment of insulin
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resistance (HOMA-IR) value to quantify insulin resistance as follows: HOMA-IR = fasting plasma
glucose (mg/dL) X fasting serum insulin (uU/mL)/405 [18].

2.4. Aortic Stiffness According to Carotid—Femoral Pulse Wave Velocity Measurements

We applied pressure applanation tonometry (SphygmoCor system, AtCor Medical, Australia) to
measure aortic AS according to cfPWYV values [15,16]. Briefly, we asked patients to rest for 10 min in a
quiet and temperature-controlled room and then obtained measurements with the participants in the
supine position. We obtained cfPWV measurements at two superficial artery sites (the carotid—femoral
segment) and provided an R-timing reference by recording electrocardiogram signals. We then used
an integral software to calculate the mean time difference between R-wave and pulse wave on a
beat-to-beat basis, with an average of 10 consecutive cardiac cycles. We assigned patients with cfPWV
values > 10 m/s to the aortic AS group [16,17,19].

2.5. Statistical Analysis

We tested data using Kolmogorov-Smirnov test and expressed normally distributed data as means
+ standard deviations tested using two-tailed independent t-tests. Non-normally distributed data were
expressed as medians and interquartile ranges and tested using Mann-Whitney U tests. We analyzed
the number of patients using X2 tests. Because data on age; TG, fasting glucose, HbAlc, BUN, creatinine,
adiponectin, and insulin levels; UACR; and HOMA-IR values were non-normally distributed, we
transformed them logarithmically to achieve normality. Clinical variables that correlated with cfPWV
values in type 2 DM patients were evaluated using simple linear regression analyses, followed by
multivariable forward stepwise regression analyses. We used multivariable logistic regression analyses
to test variables that were significantly associated with aortic AS (independent predictors). All data
were analyzed using the SPSS for Windows (version 19.0; SPSS, Chicago, IL, USA), and all p values
<0.05 were considered significant.

3. Results

Table 1 presents the clinical characteristics of 140 type 2 DM patients; of them, 54 (38.6%) patients
were assigned in the aortic AS group. These patients had significantly lower serum adiponectin levels
(p = 0.001) and eGFR (p = 0.009), and higher body fat mass (p = 0.041), SBP (p = 0.001), DBP (p = 0.010),
TG levels (p = 0.026), UACR (p = 0.030), insulin levels (p = 0.040), and HOMA-IR value (p = 0.029) than
those in the control group. The mean values for number of males; number of comorbid conditions
with hypertension; and number of patients using antihypertensive, anti-lipid, and anti-diabetic drugs
were similar between the two groups.

Table 1. Clinical variables of the 140 type 2 diabetes mellitus patients in the high aortic stiffness and
control groups.

Aortic Stiffness

All Patients

Control Group

Characteristics (n = 140) (1 = 86) Group p Value
(n = 54)
Age (years) 62.69 (58.00-70.75) 61.55 (56.75-68.00) 64.52 (58.00-74.25) 0.086
Height (cm) 161.98 + 8.33 162.52 + 8.29 161.13 + 8.38 0.338
Body weight (kg) 70.02 +£12.73 69.86 +12.99 70.28 +£12.41 0.848
Waist circumference (cm) 90.25 + 8.96 89.51 + 9.05 91.44 +8.78 0.218
Body mass index (kg/m?) 26.59 + 3.76 26.35 +3.75 26.97 + 3.77 0.344
Body fat mass (%) 30.94 + 7.64 29.90 + 7.60 32.60 +7.48 0.041*
cfPWV (m/s) 9.73 +2.64 8.13 +1.38 12.28 +2.13 <0.001 *
SBP (mmHg) 140.49 + 18.89 136.40 + 17.01 147.00 + 20.04 0.001 *
DBP (mmHg) 82.03 + 10.59 80.21 +£9.36 84.93 +11.81 0.010*
Total cholesterol (mg/dL) 160.84 + 30.15 161.33 + 27.31 160.06 + 34.44 0.809
Triglyceride (mg/dL) 135.59 (83.25-170.50) 129.24 (72.00-153.50) 145.70 (94.75-189.50) 0.026 *
HDL-C (mg/dL) 47.11 £ 13.04 48.58 +12.30 4478 +13.93 0.093
LDL-C (mg/dL) 98.06 + 25.87 98.26 +24.12 97.74 + 28.66 0.909
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Table 1. Cont.

Aortic Stiffness

Characteristics A(1111 ia;f;ts Con(tnro=l gzr)oup Group p Value
(n=54)
Fasting glucose (mg/dL) 152.99 (121.00-175.00) ~ 149.73 (118.75-172.25) ~ 158.17 (121.00-183.50) 0.401
Glycated hemoglobin (%) 7.80 (6.60-8.78) 7.76 (6.50-8.80) 7.87 (6.60-8.78) 0.447
Blood urea nitrogen (mg/dL) 17.21 (12.00-19.00) 16.65 (12.00-18.00) 18.11 (13.75-20.25) 0.142
Creatinine (mg/dL) 0.91 (0.70-1.00) 0.87 (0.70-1.00) 0.97 (0.80-1.20) 0.093
eGFR (mL/min) 87.22 + 26.90 91.87 +27.15 79.82 +24.99 0.009 *
UACR (mg/g) 14.34 (7.20-53.99) 11.50 (7.10-31.10) 25.23 (8.44-164.55) 0.030 *
Total calcium (mg/dL) 9.07 + 0.44 9.10 £ 0.45 9.05 + 0.39 0.468
Phosphorus (mg/dL) 3.60 £ 0.49 3.54 +£0.48 3.69 £ 0.51 0.071
Insulin (uIU/mL) 10.11 (3.54-12.03) 9.21 (2.92-10.83) 11.54 (4.46-15.04) 0.040 *
HOMA-IR 2.22 (1.10-4.21) 2.03 (0.89-3.63) 2.65 (1.48-5.55) 0.029 *
Adiponectin (ug/mL) 28.92 (23.41-36.56) 31.30 (24.96-40.38) 20.01 (20.47-33.23) 0.001 *
Male, 1 (%) 58 (41.4) 33 (38.4) 25 (46.3) 0.354
Hypertension, n (%) 76 (54.3) 46 (53.5) 30 (55.6) 0.811
ACE inhibitor use, 1 (%) 9(6.4) 6(7.0) 3(5.6) 0.739
ARB use, 1 (%) 54 (38.6) 30 (34.9) 24 (44.4) 0.258
[3-blocker use, 1 (%) 20 (14.3) 10 (11.6) 10 (18.5) 0.257
CCB use, 11 (%) 44 (31.4) 27 (31.4) 17 (31.5) 0.991
Statin use, 1 (%) 66 (47.1) 41 (47.7) 25 (46.3) 0.874
Fibrate use, 1 (%) 8(5.7) 5(5.8) 3(5.6) 0.949
Metformin use, 1 (%) 76 (54.3) 48 (55.8) 28 (51.9) 0.647
Sulfonylureas use, 1 (%) 77 (55.0) 46 (53.5) 31 (57.4) 0.650
DDP-4 inhibitor use, 1 (%) 87 (62.1) 55 (64.0) 32 (59.3) 0.577
Insulin use, 1 (%) 38(27.1) 23 (26.7) 15 (27.8) 0.894

Values for continuous variables are expressed as means + standard deviations and tested by Student’s t-test;
non-normally distributed variables are expressed as medians and interquartile ranges and tested by Mann-Whitney
U test; values are presented as numbers (%) and analyses were done using the chi-square test. AS, arterial stiffness;
cfPWYV, carotid—femoral pulse wave velocity; SBP, systolic blood pressure; DBP, diastolic blood pressure; HDL-C,
high-density lipoprotein cholesterol; LDL-C, low-density lipoprotein cholesterol; eGFR, estimated glomerular
filtration rate; HOMA-IR, homeostasis model assessment of insulin resistance; ACE, angiotensin-converting enzyme;
ARB, angiotensin receptor blocker; CCB, calcium channel blocker; DDP-4, dipeptidyl peptidase 4. * p < 0.05 was
considered statistically significant.

Multivariable logistic regression analyses performed to determine the factors significantly
associated with aortic AS showed that serum adiponectin levels (odds ratio (OR), 0.922; 95% confidence
interval (CI), 0.876-0.970; p = 0.002) were the only independent predictor of aortic AS in type 2 DM
patients (Table 2).

Table 2. Multivariable logistic regression analysis of the factors associated with aortic stiffness among
the 140 type 2 diabetic mellitus patients.

95% Confidence

Variables Odds Ratio Interval p Value

Adiponectin (ug/mL) 0.922 0.876-0.970 0.002 *
Age (years) 1.022 0.9782-1.067 0.339
Body fat mass (%) 1.030 0.976-1.086 0.279
Systolic blood pressure (mmHg) 1.018 0.985-1.052 0.288
Diastolic blood pressure (mmHg) 1.003 0.947-1.063 0.912
Estimated glomerular filtration rate (mL/min) 0.990 0.972-1.010 0.324
Urine albumin-to-creatinine ratio (mg/g) 1.000 1.000-1.001 0.2212
Triglyceride (mg/dL) 0.999 0.993-1.005 0.716
Insulin (ulU/mL) 0.946 0.854-1.048 0.290
HOMA-IR 1.095 0.877-1.367 0.424

Data analysis was done using the multivariable logistic regression analysis (adopted factors: age, body fat mass,
systolic blood pressure, diastolic blood pressure, triglyceride levels, estimated glomerular filtration rate, urine
albumin-to-creatinine ratio, insulin levels, HOMA-IR, and adiponectin level). HOMA-IR, homeostasis model
assessment of insulin resistance. * p < 0.05 was considered statistically significant.
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Table 3 displays the simple and multivariable regression analyses of the correlation between
cfPWYV and clinical variables among the type 2 DM patients. Simple regression analyses showed that
cfPWV values were positively correlated with logarithmically transformed age (log-age, r = 0.230;
p = 0.006), waist circumference (r = 0.218; p = 0.010), body fat mass (r = 0.236; p = 0.005), SBP (r = 0.339;
p < 0.001), DBP (r = 0.276; p = 0.001), log-TG (r = 0.249; p = 0.003), log-creatinine (r = 0.204; p = 0.016),
log-UACR (r = 0.186; p = 0.028), log-insulin (r = 0.212; p = 0.012), and log-HOMA-IR (r = 0.217; p = 0.010),
while they were negatively correlated with eGFR (r = —0.263; p = 0.002), and serum adiponectin
levels (r = —0.296; p < 0.001). In multivariable forward stepwise linear regression analyses, log-age
(B =0.220; adjusted R? change, 0.040; p = 0.005) and SBP (3 = 0.254; adjusted R? change, 0.109; p = 0.002)
were positively associated, whereas serum adiponectin levels (3 = —0.283; adjusted R? change, 0.054;
p < 0.001) were negatively associated with cfPWV in type 2 DM patients.

Table 3. Correlation between carotid—femoral pulse wave velocity and clinical variables among type 2
diabetes mellitus patients.

Carotid—femoral Pulse Wave Velocity (m/s)

Variables

Simple Linear Regression Multivariable Linear Regression
r p Value Beta  Adjusted R> Change p Value
Female 0.043 0.615 - - -
Hypertension 0.151 0.075 - - -
Log-Age (years) 0.230 0.006 * 0.220 0.040 0.005 *
Height (cm) —0.070 0.412 - - -
Body weight (kg) 0.067 0.433 - - -
Waist circumference (cm) 0.218 0.010 * - - -
Body mass index (kg/mz) 0.139 0.101 - - -
Body fat mass (%) 0.236 0.005 * - - -
Systolic blood pressure (mmHg) 0.339 <0.001 * 0.254 0.109 0.002 *
Diastolic blood pressure (mmHg) 0.276 0.001 * - - -
Total cholesterol (mg/dL) -0.029 0.733 - - -
Log-Triglyceride (mg/dL) 0.249 0.003 * - - -
HDL-C (mg/dL) —-0.124 0.145 - - -
LDL-C (mg/dL) -0.083 0.327 - - -
Log-Glucose (mg/dL) 0.084 0.322 - - -
Log-Glycated hemoglobin (%) 0.071 0.402 - - -
Log-BUN (mg/dL) 0.126 0.139 - - -
Log-Creatinine (mg/dL) 0.204 0.016 * - - -
eGFR (mL/min) —0.263 0.002 * - - -
Log-UACR (mg/g) 0.186 0.028 * - - -
Total calcium (mg/dL) —0.085 0.322 - - -
Phosphorus (mg/dL) 0.026 0.763 - - -
Log-Insulin (uIU/mL) 0.212 0.012 % - - -
Log-HOMA-IR 0.217 0.010* - - -
Log-Adiponectin (ug/mL) -0.296 <0.001 * -0.283 0.054 <0.001 *

Data on age, triglycerides, glucose, HbAlc, BUN, creatinine, UACR, insulin, HOMA-IR and adiponectin levels
showed skewed distributions and were log-transformed before the analyses. Analysis of data was done using
simple linear regression or multivariable stepwise linear regression analyses (adapted factors included log-age,
waist circumference, body fat mass, SBP, DBP, log-Triglyceride, eGFR, log-UACR, log-insulin, log-HOMA-IR, and
log-adiponectin). HDL-C, high-density lipoprotein cholesterol; LDL-C, low-density lipoprotein cholesterol; BUN,
blood urea nitrogen; eGFR, estimated glomerular filtration rate; UACR, urine albumin-to-creatinine ratio, HOMA-IR,
homeostasis model assessment of insulin resistance. * p < 0.05 was considered statistically significant.

4. Discussion

Our results suggest that log-age and SBP are positively associated and serum log-adiponectin levels
are negatively associated with cfPWV in type 2 DM patients. Moreover, low serum adiponectin levels
are positively associated with aortic AS in type 2 DM patients after adjusting for significant confounders.

AS, measured according to cfPWYV values, has been found to be a cardiovascular risk marker
independent of the traditional risk factors for atherosclerosis [8]. In type 2 DM patients, each 1 m/s
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increase in the aortic PWV is associated with a hazard ratio increase of 8% in all-cause and cardiovascular
mortalities [11]. In aging people, the vasculature undergoes structural and functional changes that are
characterized by endothelial dysfunction, vascular wall thickening, reduced vascular distensibility,
and increased arterial stiffening [20]. Moreover, aging-associated vascular changes are accelerated by
arterial hypertension [20]. Elevated BP promotes vascular extracellular matrix synthesis and increases
vascular structure stiffening and thickness as well as AS [21]. Our results showed that type 2 DM
patients with AS had significantly higher SBP and DBP and were older than those without AS, and
that SBP and age are positively associated with cfPWYV in type 2 DM patients.

Increased body fat mass may promote adverse vascular changes, such as AS [22]. Excess body fat
mass and low fat-free mass are associated with AS in type 2 DM patients [23]. Increased TG levels
were found to be significantly associated with increased cfPWV in a community-based, prospective
study [24]. Insulin resistance, a primary biochemical abnormality in type 2 DM patients, increases
AS and is an important risk factor for subclinical atherosclerosis [25]. Zhang et al. [26] have reported
that increased cfPWV at baseline predicts future albuminuria progression in type 2 DM patients.
In the Chronic Renal Insufficiency Cohort study, decreased eGFR was found to be independently
associated with an increase in cfPWV [27]. Our study also showed that type 2 DM patients with AS
had higher body fat mass, serum TG and insulin levels, HOMA-IR value, and UACRs and lower eGFR
than controls.

Adiponectin functions as an insulin sensitizer and exhibits antidiabetic effects [1-3]. It exerts potent
antioxidant effects on human vascular walls by reducing the enzymatic activity of NADPH oxidase
(NOX)1 and NOX2 isoforms, decreasing the generation of superoxide and increasing the bioavailability
of tetrahydrobiopterin. Adiponectin improves endothelial nitric oxide synthase (eNOS) coupling
and increases nitric oxide (NO) bioavailability by activating the phosphatidylinositol 3-kinase/Akt
pathway on human vascular walls [28]. Adiponectin exhibits anti-inflammatory effects that inhibit
nuclear factor-kappa B activation in vascular endothelial cells [29]. Decreased adiponectin expression
results in decreased NO production, increased vascular inflammation, and insulin resistance; all these
factors are known to promote atherosclerosis [30]. Adiponectin may act as an endogenous modulator
of vascular remodeling, enhancing NO production, activating eNOS, and decreasing AS by reducing
inflammatory mediators, neointimal thickening, and vascular smooth muscle cell proliferation [6,31].
In this study, after adjusting for various confounders in the multivariable forward stepwise linear
regression analysis, we found that serum adiponectin levels were negatively correlated with cfPWV in
type 2 DM patients; moreover, our multivariable logistic regression analysis revealed that decreased
serum adiponectin levels were an independent predictor of aortic AS in these patients.

The strength of this study is that, to the best of our knowledge, it is the first study to report a
negative correlation between serum adiponectin levels and central AS in type 2 DM patients. We are
aware of the limitations of this study. First, this was a cross-sectional study with a limited sample size.
Second, the participants were recruited from a single medical center in Taiwan. Third, circulating
adiponectin has multiple isoforms, of which high-molecular-weight adiponectin is thought to be the
most powerful of biologic effects. However, there is no gold standard for distinguishing between
adiponectin isoform levels [32]. Finally, many prescription drugs used by the patients have been
reported to affect AS, such as oral hypoglycemic agents, antihypertensive drugs, and statins [33].
However, no significant associations between these drugs and AS have been found. Further related
studies are suggested to confirm the association between serum adiponectin levels and aortic AS in
type 2 DM patients.

5. Conclusions

This study revealed that age and SBP are positively associated and serum adiponectin levels are
negatively associated with cfPWV in type 2 DM patients; moreover, low serum adiponectin levels are
positively associated with aortic AS among these patients.
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