
����������
�������

Citation: Hung, J.-J.; Wu, D.-A.;

Chen, M.-C.; Hsu, B.-G. Negative

Correlation of Serum Adiponectin

Level with Aortic Stiffness in Elderly

Diabetic Persons. Int. J. Environ. Res.

Public Health 2022, 19, 3062. https://

doi.org/10.3390/ijerph19053062

Academic Editors: Beatriz

Garcia-Fontana and Paul

B. Tchounwou

Received: 10 January 2022

Accepted: 3 March 2022

Published: 5 March 2022

Publisher’s Note: MDPI stays neutral

with regard to jurisdictional claims in

published maps and institutional affil-

iations.

Copyright: © 2022 by the authors.

Licensee MDPI, Basel, Switzerland.

This article is an open access article

distributed under the terms and

conditions of the Creative Commons

Attribution (CC BY) license (https://

creativecommons.org/licenses/by/

4.0/).

International  Journal  of

Environmental Research

and Public Health

Article

Negative Correlation of Serum Adiponectin Level with Aortic
Stiffness in Elderly Diabetic Persons
Jui-Jung Hung 1,†, Du-An Wu 1,2,†, Ming-Chun Chen 1,3,* and Bang-Gee Hsu 1,4,*

1 School of Medicine, Tzu Chi University, Hualien 97004, Taiwan; 103311130@gms.tcu.edu.tw (J.-J.H.);
despdu@yahoo.com.tw (D.-A.W.)

2 Division of Metabolism and Endocrinology, Hualien Tzu Chi Hospital, Buddhist Tzu Chi Medical Foundation,
Hualien 97004, Taiwan

3 Department of Pediatrics, Hualien Tzu Chi Hospital, Buddhist Tzu Chi Medical Foundation,
Hualien 97004, Taiwan

4 Division of Nephrology, Hualien Tzu Chi Hospital, Buddhist Tzu Chi Medical Foundation,
Hualien 97004, Taiwan

* Correspondence: loveroflois1980@gmail.com (M.-C.C.); gee.lily@msa.hinet.net (B.-G.H.)
† These authors contributed equally to this work.

Abstract: Adiponectin has anti-inflammatory activity against atherosclerosis. Aortic stiffness is a
common manifestation of atherosclerosis in diabetes mellitus and elderly persons. This study aimed
to evaluate whether low serum adiponectin levels were associated with aortic stiffness in geriatric
diabetic patients. Blood samples were obtained from 130 diabetic participants aged ≥ 65 years. We
defined high aortic stiffness based on a carotid–femoral pulse wave velocity (cfPWV) of >10 m/s.
Circulating adiponectin concentrations were examined using enzyme-linked immunosorbent assays.
Sixty-six participants (50.8%) had aortic stiffness. Patients with aortic stiffness had lower serum
adiponectin concentrations than those in the control group (p < 0.001). Multivariate logistic regression
analysis showed that the adiponectin level (odds ratio: 0.939, 95% confidence interval: 0.898–0.981,
p = 0.005) was an independent predictor of aortic stiffness in elderly diabetic persons. Multivariate
forward stepwise linear regression analysis also demonstrated that the adiponectin level (β = −0.256,
adjusted R2 change = 0.100, p = 0.003) was negatively associated with cfPWV values in older diabetic
patients. In conclusion, serum adiponectin is negatively correlated with cfPWV and is an independent
predictor of aortic stiffness in elderly diabetic persons.

Keywords: adiponectin; aging; aortic stiffness; diabetes mellitus; carotid–femoral pulse wave velocity

1. Introduction

Diabetes mellitus (DM), a chronic metabolic disorder encompassing insulin resis-
tance and hyperglycemia, remains a global healthcare burden [1]. There were 451 million
adults diagnosed with DM in 2017, with an increasing prevalence of nearly 693 million
by 2045 worldwide based on the prediction from the International Diabetes Federation [2].
According to the Framingham risk assessment study, DM increases the frequency of cardio-
vascular events. At a given level of baseline risk in patients without diabetes, the risk for
cardiovascular events increases because of DM by approximately 10 years. Moreover, at
any given level of other major risk factors, DM increases the risk by three to four times [3].

Arterial stiffness, a pathological condition with low-grade inflammation and abnormal
regulation of collagen, elastin fibers, and cellular elements, represents subclinical organ
damage and future cardiovascular disease (CVD) development [4,5]. Aortic stiffness, eval-
uated via the carotid–femoral pulse wave velocity (cfPWV), has been proven to be an
essential predictor of future CVD or all-cause mortality, independent of classic cardiovas-
cular risks [4,6]. Adiponectin, the most abundant peptide secreted by white adipocytes,
protects against the development of obesity-related diseases [7]. Adiponectin, by prevent-
ing oxidative stress, insulin resistance, and inflammatory processes and alleviating the
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development of atherosclerosis via pleiotropic modulations of multiple vascular cell types,
plays a central role in CVD protection [8,9].

Previous studies revealed that hypoadiponectinemia had negative effects on arterial
stiffness in young, normotensive patients with type 1 or type 2 DM [10,11]. However, the
correlation between aortic stiffness and circulating adiponectin concentrations in elderly
patients with type 2 DM remains unknown. To address this topic, this study aimed to inves-
tigate clinical and biochemical variables and the relationship between serum adiponectin
concentrations and aortic stiffness in geriatric patients with type 2 DM.

2. Materials and Methods
2.1. Participants

The Research Ethics Committee of Hualien Tzu Chi Hospital, Buddhist Tzu Chi Medi-
cal Foundation, approved this study (IRB103-136-B). A total of 130 elderly patients with
type 2 DM (≥65 years of age) were enrolled in this cross-sectional study conducted from
November 2014 to March 2015 in a medical center in Hualien, Taiwan. All patients included
in this study provided informed consent prior to enrollment. DM was defined as a fasting
plasma glucose level exceeding 126 mg/dL or a patient using oral hypoglycemic medica-
tions or insulin [12]. Each participant’s blood pressure (BP) was measured using standard
mercury sphygmomanometers after sitting for at least 10 min in the morning. After mea-
suring the systolic blood pressure (SBP) and diastolic blood pressure (DBP) three times
at 5 min intervals, the average value was taken for analysis. We defined hypertension as
SBP ≥ 140 mmHg and/or DBP ≥ 90 mmHg or receiving any anti-hypertensive medication
in the past 2 weeks, according to 2018 European Society of Cardiology and the European
Society of Hypertension guidelines for the management of arterial hypertension [13]. Par-
ticipants who had type 1 DM, heart failure, malignancy, or acute infection at the time of
blood sampling and those who refused to provide informed consent were excluded.

2.2. Anthropometric Analysis

While wearing light clothing without shoes, participants were weighed to the nearest
0.5 kg, and their height was measured to the nearest 0.5 cm. Body mass index (BMI) was
calculated by dividing the weight (kg) by the height (m) squared. The waist circumfer-
ence at the shortest point between the lower edge of the rib cage and the iliac crest was
measured [14,15].

2.3. Biochemical Investigations

Overnight fasting blood samples containing approximately 5 mL were immediately
centrifuged at 3000× g for 10 min. Serum levels of blood urea nitrogen (BUN), creatinine,
fasting glucose, glycated hemoglobin (HbA1c), total cholesterol, triglycerides (TG), and low-
density lipoprotein cholesterol (LDL-C), as well as urine protein-to-creatinine ratio (UPCR)
using random spot urine testing, were measured using an autoanalyzer (Siemens Advia
1800, Siemens Healthcare GmbH, Erlangen, Germany) [14,15]. The CKD-EPI (Chronic
Kidney Disease Epidemiology Collaboration) equation was used for calculating the esti-
mated glomerular filtration rate (eGFR) in this study. A commercially available enzyme
immunoassay (SPI-BIO, Montigny le Bretonneux, France) was used to quantify serum
adiponectin [14,15]. The intra-assay and inter-assay coefficients of variation in the measure-
ment for adiponectin were 6.4% and 7.3%, respectively.

2.4. Aortic Stiffness by cfPWV Measurements

Aortic stiffness was evaluated by measuring the cfPWV values using pressure appla-
nation tonometry (SphygmoCor system, AtCor Medical, Sydney, Australia), as previously
described [11,14–17]. After a minimum of a 10 min rest in the morning, measurements
were performed for all participants while in the supine position in a temperature-controlled
room. The recording was performed simultaneously with the electrocardiogram (ECG)
signal, which provided the R-timing reference. We performed continuous pulse wave
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recording at two superficial artery sites (carotid-femoral segment). By subtracting the
distance from the carotid measurement point to the sternal notch from the distance from the
sternal notch to the femoral measurement site, the carotid–femoral distance was obtained.
We use integration software to process each set of pulse wave and ECG data to calculate the
mean time difference between the R-wave and pulse wave on a beat-to-beat basis, with an
average of 10 consecutive cardiac cycles. The distance and mean time difference between
the two recorded points were used to calculate the cfPWV. The quality indicators included
in the software are designed to ensure data consistency. We defined aortic stiffness as
the cfPWV values > 10 m/s, and those whose values were ≤10 m/s were included in the
control group in our study, according to the guidelines published by the European Society
of Cardiology and the European Society of Hypertension [13].

2.5. Statistical Analysis

Data were tested for normal distribution using the Kolmogorov–Smirnov test. Data
distributed normally were compared using Student’s independent t-test (two-tailed) and
are presented as the mean ± standard deviation. Non-normally distributed data are rep-
resented by the median and interquartile range, and comparisons between participants
were examined via the Mann–Whitney U test (age, TG, fasting glucose, BUN, creatinine,
and UPCR). The chi-square test was used to analyze data expressed as the number of
patients. Multivariate logistic regression analysis was performed to test the independence
of variables that were significantly related to aortic stiffness in elderly diabetic patients.
Because age, TG, fasting glucose, BUN, creatinine, and UPCR were not normally dis-
tributed, these parameters underwent logarithmic transformations with base 10 to achieve
normality. Variables that were significantly associated with cfPWV values among elderly
diabetic populations were tested for independence in a linear regression analysis and
then a multivariate forward stepwise regression analysis. The area under the receiver
operating characteristic curve was calculated to identify the optimal adiponectin levels and
significant variables associated with aortic stiffness. We used IBM SPSS Statistics Version
19.0 (SPSS Inc., Chicago, IL, USA) for data analyses. A p-value < 0.05 was considered
statistically significant.

3. Results
3.1. The Basic Variables Compared between the Aortic Stiffness and Control Groups in Geriatric
Patients with Type 2 DM

Demographic, clinical, and biochemical parameters and drugs used by the 130 elderly
diabetic patients are presented in Table 1. In total, 66 (50.8%) elderly diabetic participants
were included in the aortic stiffness group. Elderly diabetic participants in the aortic
stiffness group had lower serum adiponectin concentrations than those in the control group
(p < 0.001). The medications use included angiotensin-converting enzyme inhibitors (ACEi;
n = 6; 4.6%), angiotensin receptor blockers (ARB; n = 59; 45.4%), β-blockers (n = 40; 30.8%),
calcium channel blockers (CCB; n = 56; 43.1%), statins (n = 61; 46.9%), fibrate (n = 9; 6.9%),
metformin (n = 56; 43.1%), sulfonylureas (n = 73; 56.2%), dipeptidyl peptidase 4 inhibitors
(DDP-4 inhibitor; n = 66; 50.8%), peroxisome proliferator-activated receptor gamma agonists
(PPAR-γ agonist; n = 7; 5.4%), and insulin (n = 32; 24.6%). No statistically significant
differences were observed in sex, hypertension, or the use of ACEi, ARB, β-blockers, CCB,
statins, fibrate, metformin, sulfonylureas, DDP-4 inhibitors, PPAR-γ agonists, or insulin
between the two groups.
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Table 1. Comparisons of clinical characteristics between aortic stiffness and control group in geriatric
diabetic patients.

Variables All Participants
(n = 130)

Control Group
(n = 64)

Aortic Stiffness Group
(n = 66) p-Value

Age (years) 72.00 (68.00–78.00) 70.50 (67.00–76.75) 73.50 (68.00–78.25) 0.106
Height (cm) 159.40 ± 8.94 159.26 ± 8.49 159.55 ± 9.43 0.855

Body weight (kg) 68.66 ± 13.10 68.23 ± 13.32 69.07 ± 12.97 0.713
Body mass index (kg/m2) 26.87 ± 3.72 26.77 ± 4.04 26.97 ± 3.41 0.757
Waist circumference (cm) 91.49 ± 9.99 90.16 ± 10.60 92.77 ± 9.26 0.137

cfPWV (m/s) 10.95 ± 3.61 8.30 ± 1.30 13.51 ± 3.26 <0.001 *
SBP (mmHg) 147.50 ± 19.34 144.52 ± 17.91 150.39 ± 20.34 0.083
DBP (mmHg) 80.78 ± 10.69 79.73 ± 10.14 81.79 ± 11.18 0.275

Total cholesterol (mg/dL) 153.14 ± 29.43 154.02 ± 29.90 152.29 ± 29.18 0.739
Triglyceride (mg/dL) 118.00 (91.00–158.25) 118.00 (81.75–151.50) 118.50 (95.00–164.50) 0.215

LDL-C (mg/dL) 88.32 ± 25.45 87.50 ± 25.80 89.12 ± 25.28 0.718
Fasting glucose (mg/dL) 131.00 (113.75–167.75) 131.00 (111.00–170.75) 130.50 (115.25–161.50) 0.909

HbA1c (%) 7.05 (6.50–8.53) 7.00 (6.43–8.55) 7.10 (6.60–8.53) 0.137
Blood urea nitrogen (mg/dL) 20.00 (16.00–30.00) 19.00 (16.00–27.00) 20.50 (17.00–31.00) 0.305

Creatinine (mg/dL) 1.15 (0.80–1.70) 1.10 (0.80–1.58) 1.30 (0.88–1.80) 0.146
eGFR (mL/min) 61.70 ± 28.81 64.50 ± 26.34 58.99 ± 30.98 0.277
UPCR (mg/g) 93.66 (0.00–309.49) 82.51 (0.00–192.88) 97.24 (0.00–396.38) 0.277

Adiponectin (µg/mL) 31.82 ± 13.79 36.11 ± 15.41 27.67 ± 10.57 <0.001 *
Female, n (%) 57 (43.8) 28 (43.8) 29 (43.9) 0.983

Hypertension, n (%) 93 (71.5) 46 (71.9) 47 (71.2) 0.933
ACE inhibitor use, n (%) 6 (4.6) 3 (4.7) 3 (4.5) 0.969

ARB use, n (%) 59 (45.4) 28 (43.8) 31 (47.0) 0.712
β-blocker use, n (%) 40 (30.8) 16 (25.0) 24 (36.4) 0.160

CCB use, n (%) 56 (43.1) 26 (40.6) 30 (45.5) 0.578
Statin use, n (%) 61 (46.9) 31 (48.4) 30 (45.5) 0.733

Fibrate use, n (%) 9 (6.9) 5 (7.8) 4 (6.1) 0.694
Metformin use, n (%) 56 (43.1) 27 (42.2) 29 (43.9) 0.840

Sulfonylurea use, n (%) 73 (56.2) 39 (60.9) 34 (51.5) 0.279
DDP-4 inhibitor use, n (%) 66 (50.8) 36 (56.3) 30 (45.5) 0.218
PPAR-γ agonist use, n (%) 7 (5.4) 5 (7.8) 2 (3.0) 0.227

Insulin use, n (%) 32 (24.6) 19 (29.7) 13 (19.7) 0.186

Values for continuous variables are given as the mean ± standard deviation and tested by Student’s t-test;
variables not normally distributed are given as the median and interquartile range and tested by Mann–Whitney
U test; values are presented as number (%) and analysis was performed using the chi-square test. Abbreviations:
cfPWV, carotid–femoral pulse wave velocity; SBP, systolic blood pressure; DBP, diastolic blood pressure; LDL-C,
low-density lipoprotein cholesterol; HbA1c, glycated hemoglobin; eGFR, estimated glomerular filtration rate;
UPCR, urine protein-to-creatinine ratio; ACE, angiotensin-converting enzyme; ARB, angiotensin receptor blocker;
CCB, calcium channel blocker; DDP-4, dipeptidyl peptidase 4; PPAR-γ, peroxisome proliferator-activated receptor
gamma. * p < 0.05 was considered statistically significant.

3.2. Serum Adiponectin Level Is Independent Risk Factor for Aortic Stiffness in Geriatric Patients
with Type 2 DM

The unadjusted and multivariate logistic regression analyses of the parameters signifi-
cantly associated with aortic stiffness, including age, waist circumference, SBP, DBP, TG,
creatinine, eGFR, UPCR, and adiponectin levels are presented in Table 2. The unadjusted
serum adiponectin concentrations with aortic stiffness revealed that for every 1 µg/mL that
adiponectin increased, the risk of aortic stiffness in elderly diabetic participants decreased
by 5.5% (odds ratio (OR): 0.945, 95% confidence interval (CI): 0.914–0.977, p = 0.001). Mul-
tivariate logistic regression analysis adjusted for sex and BMI showed a 5.6% decrease in
the risk of aortic stiffness (OR: 0.944, 95% CI: 0.912–0.976, p = 0.001) for every 1 µg/mL
adiponectin elevation (Model 1). After multivariate logistic regression analysis with Model
1 adjusted for fasting glucose, glycated hemoglobin, total cholesterol, and LDL-C, every
1 µg/mL adiponectin elevation showed a 5.7% drop in the risk of aortic stiffness (OR:
0.943, 95% CI: 0.911–0.976, p = 0.001) in Model 2. Multivariate logistic regression analysis
using Model 2 adjusted for all drugs used in this study also represented a decreased risk
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of aortic stiffness of 7.0% (OR: 0.930, 95% CI: 0.893–0.968, p < 0.001) for every 1 µg/mL
adiponectin elevation (Model 3). Multivariate logistic regression analysis using Model 3 ad-
justed for age, waist circumference, SBP, DBP, TG, creatinine, eGFR, UPCR, and adiponectin
in this study also represented a decreased risk of aortic stiffness of 6.1% (OR: 0.939, 95% CI:
0.898–0.981, p = 0.005) for every 1 µg/mL adiponectin elevation (Model 4). Each of these
analyses acknowledged that the serum adiponectin level had an inverse association with
aortic stiffness in elderly diabetic participants. By using the ROC curve, the best cut-off
serum value of adiponectin that could be used to predict aortic stiffness in elderly diabetic
participants was 23.7 µg/mL, with the area under the receiver operating characteristic
curve of 0.662 (95% CI 0.574–0.743, p = 0.0006), sensitivity of 48.5%, and specificity of 82.8%.
The diagnostic performance of adiponectin, waist circumference, SBP, DBP, TG, and eGFR
as shown in Figure 1 and Table 3.

Table 2. Variables associated with aortic stiffness by multivariable logistic regression analysis among
the 130 geriatric diabetic patients.

Variables
Unadjusted Model 1 Model 2 Model 3 Model 4

OR (95% CI) p Value OR (95% CI) p Value OR (95% CI) p Value OR (95% CI) p Value OR (95% CI) p Value

Adiponectin,
1 µg/mL

0.945
(0.914–0.977) 0.001 * 0.944

(0.912–0.976) 0.001 * 0.943
(0.911–0.976) 0.001 * 0.930

(0.893–0.968) <0.001 * 0.939
(0.898–0.981) 0.005 *

Age,
1 year

1.041
(0.987–1.098) 0.144 1.044

(0.989–1.102) 0.121 1.053
(0.995–1.114) 0.074 1.040

(0.977–1.106) 0.218 1.604
(0.979–1.157) 0.146

Waist
circumfer-

ence,
1 cm

1.027
(0.991–1.065) 0.140 1.068

(1.004–1.136) 0.037 * 1.069
(1.005–1.138) 0.033 * 1.090

(1.016–1.169) 0.016 * 1.064
(0.981–1.155) 0.133

Systolic
blood

pressure,
1 mmHg

1.016
(0.998–1.035) 0.086 1.017

(0.998–1.036) 0.089 1.018
(0.999–1.038) 0.069 1.015

(0.994–1.037) 0.168 1.022
(0.985–1.061) 0.239

Diastolic
blood

pressure,
1 mmHg

1.018
(0.986–1.052) 0.274 1.018

(0.985–1.053) 0.287 1.020
(0.986–1.054) 0.258 1.020

(0.983–1.058) 0.299 0.977
(0.918–1.040) 0.466

Triglyceride,
1 mg/dL

1.005
(0.999–1.010) 0.087 1.005

(0.999–1.010) 0.087 1.009
(1.002–1.016) 0.009 * 1.012

(1.004–1.020) 0.004 * 1.008
(0.999–1.017) 0.071

Creatinine,
1 mg/dL

1.511
(0.941–2.428) 0.088 1.528

(0.947–2.464) 0.082 1.607
(0.976–2.647) 0.062 1.655

(0.894–3.062) 0.109 1.441
(0.419–4.960) 0.562

eGFR,
1 mL/min

0.993
(0.981–1.005) 0.275 0.993

(0.981–1.005) 0.277 0.992
(0.979–1.004) 0.195 0.990

(0.976–1.005) 0.211 1.012
(0.979–1.046) 0.487

UPCR,
1 mg/g

1.000
(1.000–1.001) 0.400 1.000

(1.000–1.001) 0.412 1.000
(1.000–1.001) 0.340 1.000

(1.000–1.001) 0.368 1.000
(0.999–1.001) 0.811

Multivariate logistic regression analysis was applied to process the data. Model 1 is adjusted for gender and BMI.
Model 2 is adjusted for the Model 1 variables and for fasting glucose, glycated hemoglobin, total cholesterol, and
LDL-C. Model 3 is adjusted for the Model 2 variables and all drugs, such as ACE inhibitor, ARB, β-blocker, CCB,
statin, fibrate, metformin, sulfonylureas, DDP-4 inhibitor, PPAR-γ agonist, and insulin. Model 4 is adjusted for
the Model 3 variables and age, waist circumference, systolic blood pressure, diastolic blood pressure, triglyceride,
creatinine, eGFR, UPCR, and adiponectin. OR, odds ratio; CI, confidence interval; BMI, body mass index; SBP,
systolic blood pressure; DBP, diastolic blood pressure; LDL-C, low-density lipoprotein cholesterol; eGFR, estimated
glomerular filtration rate; UPCR, urine protein-to-creatinine ratio; ACE, angiotensin-converting enzyme; ARB,
angiotensin receptor blocker; CCB, calcium channel blocker; DDP-4, dipeptidyl peptidase 4; PPAR-γ, peroxisome
proliferator-activated receptor gamma. * p < 0.05 was considered statistically significant.

Table 3. The diagnostic performance of adiponectin, waist circumference, systolic blood pressure,
diastolic blood pressure, triglyceride, and eGFR on aortic stiffness in geriatric diabetic patients.

Variables AUC (95% CI) p Value

Adiponectin 0.662 (0.574–0.743) 0.0006 *
Waist circumference 0.591 (0.501–0.676) 0.0732

Systolic blood pressure 0.577 (0.487–0.663) 0.1276
Diastolic blood pressure 0.543 (0.454–0.631) 0.3924

Triglyceride 0.563 (0.473–0.650) 0.2134
eGFR 0.565 (0.476–0.652) 0.1989

AUC, area under curve; CI, confidence interval; eGFR, estimated glomerular filtration rate. * p < 0.05 was
considered statistically significant.



Int. J. Environ. Res. Public Health 2022, 19, 3062 6 of 11

Figure 1. Receiver operating characteristic curve of adiponectin, waist circumference, systolic blood
pressure, diastolic blood pressure, triglyceride, and eGFR on the prediction of aortic stiffness in
geriatric diabetic patients.

3.3. Correlation between cfPWV and Clinical Variables in Geriatric Patients with Type 2 DM

Analysis of cfPWV values with variables in elderly diabetic participants via univariate
and multivariate linear analyses is shown in Table 4. Waist circumference (r = 0.173,
p = 0.049), SBP (r = 0.286, p = 0.001), DBP (r = 0.236, p = 0.007), logarithmically transformed
TG (log-TG, r = 0.269, p = 0.002), log-creatinine (r = 0.207, p = 0.018), and log-UPCR
(r = 0.174, p = 0.048) were positively correlated with cfPWV values, while eGFR (r = −0.215,
p = 0.014), and adiponectin (r = −0.327, p < 0.001) had negative correlations. Multivariate
forward stepwise linear regression analysis of the variables significantly associated with
cfPWV values revealed that SBP (β = 0.231, adjusted R2 change = 0.056, p = 0.005), log-TG
(β = 0.166, adjusted R2 change = 0.019, p = 0.048), and adiponectin (β = −0.256, adjusted
R2 change = 0.100, p = 0.003) were independent parameters of cfPWV values in elderly
diabetic participants.

Table 4. Correlation between carotid–femoral pulse wave velocity levels and clinical variables in
geriatric diabetic patients.

Variables

Carotid–Femoral Pulse Wave Velocity (m/s)

Simple Regression Multivariate Regression

r p Value Beta Adjusted R2 Change p Value

Female 0.070 0.432 – – –
Hypertension 0.049 0.578 – – –

Log-age (years) 0.092 0.298 – – –
Height (cm) 0.020 0.824 – – –

Body weight (kg) 0.032 0.720 – – –
Body mass index (kg/m2) 0.028 0.755 – – –
Waist circumference (cm) 0.173 0.049 * – – –

SBP (mmHg) 0.286 0.001 * 0.231 0.056 0.005 *
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Table 4. Cont.

Variables

Carotid–Femoral Pulse Wave Velocity (m/s)

Simple Regression Multivariate Regression

r p Value Beta Adjusted R2 Change p Value

DBP (mmHg) 0.236 0.007 * – – –
Total cholesterol (mg/dL) 0.035 0.690 – – –
Log-triglyceride (mg/dL) 0.269 0.002 * 0.166 0.019 0.048 *

LDL-C (mg/dL) −0.005 0.955 – – –
Log-glucose (mg/dL) 0.027 0.757 – – –

Log-HbA1c (%) 0.099 0.263 – – –
Log-BUN (mg/dL) 0.164 0.062 – – –

Log-creatinine (mg/dL) 0.207 0.018 * – – –
eGFR (mL/min) −0.215 0.014 * – – –

Log-UPCR (mg/g) 0.174 0.048 * – – –
Adiponectin (µg/mL) −0.327 <0.001 * −0.256 0.100 0.003 *

Data on age and triglyceride, glucose, HbA1c, BUN, creatinine, and UPCR levels showed skewed distribution and
therefore were log-transformed before analysis. Analysis of data was performed using univariate linear regression
analysis or multivariate stepwise linear regression analysis (adapted factors were waist circumference, SBP, DBP,
log-triglyceride, log-creatinine, eGFR, log-UPCR, and adiponectin). Abbreviations: SBP, systolic blood pressure;
DBP, diastolic blood pressure; LDL-C, low-density lipoprotein cholesterol; HbA1c, glycated hemoglobin; BUN,
blood urea nitrogen; eGFR, estimated glomerular filtration rate; UPCR, urine protein-to-creatinine ratio. * p < 0.05
was considered statistically significant.

4. Discussion

Our cross-sectional study showed that serum adiponectin concentration was inversely
associated with cfPWV values in elderly diabetic participants, while SBP and log-TG were
positively correlated. Hypoadiponectinemia was associated with aortic stiffness in elderly
diabetic participants after adjusting for covariates.

Arterial stiffness, a degenerative process predominantly affecting the extracellular
matrix of elastic arteries under the influence of aging and other risks, is a marker of CVD
events independent of the traditional atherosclerosis risk factors [18]. Noninvasive cfPWV
is currently used as the gold standard for determining aortic stiffness in clinical practice [19].
Previous studies found that age, BP, obesity, dyslipidemia, renal function, and the use of
anti-hypertensive medications had a significant association with aortic stiffness [20–22]. Of
these risk factors, aortic stiffness was principally determined by age and BP, which may
account for up to 70% of its variance [20,23,24]. In our aged population, aortic stiffness was
aggravated by functional and structural vasculature changes characterized by impaired
endothelial function, reduced vascular distensibility, and increased vascular wall thickness.
In addition, aging-related vascular changes are precipitated by arterial hypertension [25].

A previous study revealed that increased aortic stiffness was a major predictor of CVD
occurrence and mortality in patients with type 2 DM [26]. DM patients have elevated aortic
stiffness compared with subjects without DM, and higher aortic stiffness is correlated with
the development of macro- and microvascular complications in this population [27]. Hyper-
lipidemia is an established marker of endothelial dysfunction and CVD risk in patients with
DM [28], and a prospective, community-based study revealed that hypertriglyceridemia
had a significant positive association with elevated cfPWV, similar to the findings in our
study [29]. Our previous study also demonstrated that age and SBP were positively associ-
ated with cfPWV in middle-aged type 2 DM populations, while circulating adiponectin
was negatively correlated [11]. However, in elderly diabetic persons, the present study
demonstrated that age was not significant, and only SBP, log-triglyceride and hypoad-
iponectinemia were still associated with cfPWV values in elderly diabetic participants. This
indicates that serum adiponectin is a good marker for this population beyond traditional
risk factors.

Adiponectin, which binds to distinct G protein-coupled receptors AdipoR1 and Adi-
poR2, acts as an insulin sensitizer and displays antidiabetic effects [30]. Hypoadiponectine-
mia has been noted in coronary atherosclerosis and acute coronary syndrome populations
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and has been confirmed by angiography [31]. In type 2 DM patients with obesity and
documented coronary atherosclerosis, circulating adiponectin levels are even lower [32].
In cases of inflammatory and oxidative vascular injury, decreased serum adiponectin lev-
els lead to vascular function impairment and enhance cfPWV elevation [33]. Previous
studies also support that hypoadiponectinemia is correlated with arterial stiffness in hyper-
tensive populations, and a 4.6-year follow-up longitudinal study including 240 patients
revealed that baseline adiponectin was an independent predictor of aortic stiffness progres-
sion [34–37]. A very current study also revealed that hypoadiponectinemia is associated
with aortic stiffness among diabetic patients with stage 3–5 chronic kidney disease [38].
The mechanism of serum adiponectin that results in central arterial stiffness may be at-
tributable to several cardiovascular and metabolic factors. Adiponectin can enhance the
anti-inflammatory response, stimulate fatty acid oxidation, and improve the vasodilatory
effect of endothelial nitric oxide synthase (eNOS) via activation of the intracellular pro-
tein adaptor protein phosphotyrosine interacting with pleckstrin homology domain and
leucine zipper 1 (APPL1) [39]. The abovementioned modulating vascular remodeling
properties can prevent the progression of arterial stiffness. In addition, adiponectin has
anti-inflammatory effects that inhibit the activation of nuclear factor-kappa B in the vascu-
lar endothelium [40]. By activating eNOS and suppressing inducible NOS activity in the
vasculature to limit hyperlipidemic vessel injury, adiponectin also improves endothelial
function via its anti-atherosclerotic mechanism to alleviate aortic stiffness [41]. In this study,
our data revealed a decreased risk of aortic stiffness of 6.0% for every 1 ng/mL adiponectin
increase. After adjusting for various confounding factors in the multivariable forward
stepwise linear regression analysis, circulating adiponectin level was negatively correlated
with cfPWV in elder type 2 DM subjects, suggesting that a lower circulating adiponectin
level was a predictor of arterial stiffness in these populations, independent of well-known
CVD risk factors.

There are some limitations to our research. Firstly, this was a cross-sectional study
with a limited sample size, and all patients were recruited from the same hospital; therefore,
our cohort may not truly represent the wider population, and further longitudinal research
is necessary before causality can be established. Secondly, there are multiple isoforms
of serum adiponectin, and high-molecular-weight adiponectin has the most powerful
biologic effects [7]. Although we measured total serum adiponectin levels, a previous
report stated that there was a strong correlation between serum total adiponectin and
high-molecular-weight adiponectin in developing CVD [42]. Thirdly, lifestyles known
to aggravate aortic stiffness development—including smoking, unhealthy diet, lack of
physical activity, and alcohol consumption—were not assessed and may limit the study’s
predictive power [34,43,44]. Fourthly, evidence on the ethnic disparity in aortic stiffness
has accumulated. A study in Singapore had revealed differences in aortic stiffness via
cfPWV among the multi-ethnic type 2 DM Asian population [45]. However, there was no
definite cfPWV value for defining aortic stiffness in the Asian population. Additionally,
although cfPWV is age-dependent, there is no age-specific cfPWV available in Taiwanese.
Therefore, we used the definition of aortic stiffness as the cfPWV values >10 m/s regardless
of age in our study according to the European guidelines as another Asian population
study used before [46]. Future studies may provide further information if aortic stiffness of
the Asian population is available. Lastly, several medications, such as anti-hypertensives,
statins, and oral anti-diabetics, acting on the dynamic component of aortic stiffness or
the structural component in arterial wall remodeling, have influenced aortic stiffness [47];
however, our study demonstrated that ACEi, ARB, β-blockers, CCB, statin, fibrates, and
anti-diabetic medications had no impact on aortic stiffness in elder diabetic patients, likely
due to the high frequency of comorbidities in the studied cohort. Further research is needed
to elucidate the impact of the abovementioned medications on aortic stiffness and long-term
follow-up in this population.
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5. Conclusions

Hypoadiponectinemia is positively associated with cfPWV values and is recognized as a
consistent and significant parameter associated with aortic stiffness in elderly diabetic persons.

Author Contributions: Conceptualization, J.-J.H., D.-A.W., M.-C.C. and B.-G.H.; data curation, D.-
A.W. and B.-G.H.; formal analysis, J.-J.H., M.-C.C. and B.-G.H.; funding acquisition, D.-A.W. and
M.-C.C.; investigation, J.-J.H., M.-C.C. and B.-G.H.; methodology, D.-A.W., M.-C.C. and B.-G.H.;
supervision, M.-C.C. and B.-G.H.; writing—original draft, J.-J.H. and D.-A.W.; writing—review
and editing, M.-C.C. and B.-G.H. All authors have read and agreed to the published version of
the manuscript.

Funding: This study was funded by a grant from Hualien Tzu Chi Hospital, Buddhist Tzu Chi
Medical Foundation, Hualien, Taiwan, Grant Number TCRD109-71.

Institutional Review Board Statement: The study was conducted according to the guidelines of the
Declaration of Helsinki, and the study was approved by the Research Ethics Committee, Hualien Tzu
Chi Hospital, Buddhist Tzu Chi Medical Foundation (IRB103-136-B and approval on 1 January 2015).

Informed Consent Statement: Informed consent was obtained from all participants involved in
the study.

Data Availability Statement: The data presented in this study are available on request from the
corresponding author.

Conflicts of Interest: The authors declare no conflict of interest.

References
1. Whiting, D.R.; Guariguata, L.; Weil, C.; Shaw, J. IDF diabetes atlas: Global estimates of the prevalence of diabetes for 2011 and

2030. Diabetes Res. Clin. Pract. 2011, 94, 311–321. [CrossRef] [PubMed]
2. Cho, N.H.; Shaw, J.E.; Karuranga, S.; Huang, Y.; da Rocha Fernandes, J.D.; Ohlrogge, A.W.; Malanda, B. IDF diabetes atlas:

Global estimates of diabetes prevalence for 2017 and projections for 2045. Diabetes Res. Clin. Pract. 2018, 138, 271–281.
[CrossRef] [PubMed]

3. Cameron, J.D.; Cruickshank, J.K. Glucose, insulin, diabetes and mechanisms of arterial dysfunction. Clin. Exp. Pharmacol. Physiol.
2007, 34, 677–682. [CrossRef] [PubMed]

4. Vlachopoulos, C.; Aznaouridis, K.; Stefanadis, C. Prediction of cardiovascular events and all-cause mortality with arterial stiffness:
A systematic review and meta-analysis. J. Am. Coll. Cardiol. 2010, 55, 1318–1327. [CrossRef] [PubMed]

5. Mahmud, A.; Feely, J. Arterial stiffness is related to systemic inflammation in essential hypertension. Hypertension 2005, 46,
1118–1122. [CrossRef] [PubMed]

6. Sutton-Tyrrell, K.; Najjar, S.S.; Boudreau, R.M.; Venkitachalam, L.; Kupelian, V.; Simonsick, E.M.; Havlik, R.; Lakatta, E.G.;
Spurgeon, H.; Kritchevsky, S.; et al. Elevated aortic pulse wave velocity, a marker of arterial stiffness, predicts cardiovascular
events in well-functioning older adults. Circulation 2005, 111, 3384–3390. [CrossRef]

7. Achari, A.E.; Jain, S.K. Adiponectin, a therapeutic target for obesity, diabetes, and endothelial dysfunction. Int. J. Mol. Sci. 2017,
18, 1321. [CrossRef]

8. Hui, X.; Lam, K.S.; Vanhoutte, P.M.; Xu, A. Adiponectin and cardiovascular health: An update. Br. J. Pharmacol. 2012,
165, 574–590. [CrossRef]

9. Esmaili, S.; Hemmati, M.; Karamian, M. Physiological role of adiponectin in different tissues: A review. Arch. Physiol. Biochem.
2020, 126, 67–73. [CrossRef]

10. Shah, A.S.; Dolan, L.M.; Lauer, A.; Davis, C.; Dabelea, D.; Daniels, S.R.; Hamman, R.F.; Marcovina, S.; Wadwa, R.P.; Urbina, E.M.
Adiponectin and arterial stiffness in youth with type 1 diabetes: The search for diabetes in youth study. J. Pediatr. Endocrinol.
Metab. 2012, 25, 717–721. [CrossRef]

11. Shih, C.H.; Hsu, B.G.; Hou, J.S.; Wu, D.A.; Subeq, Y.M. Association of low serum adiponectin levels with aortic arterial stiffness in
patients with type 2 diabetes. J. Clin. Med. 2019, 8, 887. [CrossRef] [PubMed]

12. Alberti, K.G.; Zimmet, P.Z. Definition, diagnosis and classification of diabetes mellitus and its complications. Part 1: Diagnosis
and classification of diabetes mellitus provisional report of a WHO consultation. Diabet. Med. 1998, 15, 539–553. [CrossRef]

13. Williams, B.; Mancia, G.; Spiering, W.; Agabiti Rosei, E.; Azizi, M.; Burnier, M.; Clement, D.L.; Coca, A.; de Simone, G.; Dominiczak,
A.; et al. 2018 ESC/ESH Guidelines for the management of arterial hypertension. Eur. Heart J. 2018, 39, 3021–3104. [CrossRef]

14. Wang, L.H.; Liu, Y.C.; Hou, J.S.; Wu, D.A.; Hsu, B.G. Hypoadiponectemia is associated with metabolic syndrome in patients with
type 2 diabetes. Int. J. Clin. Exp. Pathol. 2017, 10, 10515–10521.

15. Hou, J.S.; Wang, C.H.; Lai, Y.H.; Lin, Y.L.; Kuo, C.H.; Subeq, Y.M.; Hsu, B.G. Negative correlation of serum adiponectin levels with
carotid-femoral pulse wave velocity in patients treated with hemodialysis. Biol. Res. Nurs. 2018, 20, 462–468. [CrossRef] [PubMed]

http://doi.org/10.1016/j.diabres.2011.10.029
http://www.ncbi.nlm.nih.gov/pubmed/22079683
http://doi.org/10.1016/j.diabres.2018.02.023
http://www.ncbi.nlm.nih.gov/pubmed/29496507
http://doi.org/10.1111/j.1440-1681.2007.04659.x
http://www.ncbi.nlm.nih.gov/pubmed/17581229
http://doi.org/10.1016/j.jacc.2009.10.061
http://www.ncbi.nlm.nih.gov/pubmed/20338492
http://doi.org/10.1161/01.HYP.0000185463.27209.b0
http://www.ncbi.nlm.nih.gov/pubmed/16216991
http://doi.org/10.1161/CIRCULATIONAHA.104.483628
http://doi.org/10.3390/ijms18061321
http://doi.org/10.1111/j.1476-5381.2011.01395.x
http://doi.org/10.1080/13813455.2018.1493606
http://doi.org/10.1515/jpem-2012-0070
http://doi.org/10.3390/jcm8060887
http://www.ncbi.nlm.nih.gov/pubmed/31234308
http://doi.org/10.1002/(SICI)1096-9136(199807)15:7&lt;539::AID-DIA668&gt;3.0.CO;2-S
http://doi.org/10.1093/eurheartj/ehy339
http://doi.org/10.1177/1099800418768887
http://www.ncbi.nlm.nih.gov/pubmed/29635921


Int. J. Environ. Res. Public Health 2022, 19, 3062 10 of 11

16. Chen, M.C.; Hsu, B.G.; Lee, C.J.; Yang, C.F.; Wang, J.H. High serum adipocyte fatty acid binding protein level as a po-
tential biomarker of aortic arterial stiffness in hypertensive patients with metabolic syndrome. Clin. Chim. Acta 2017,
473, 166–172. [CrossRef]

17. Su, I.M.; Wu, D.A.; Lee, C.J.; Hou, J.S.; Hsu, B.G.; Wang, J.H. Serum cystatin C is independently associated with aortic arterial
stiffness in patients with type 2 diabetes. Clin. Chim. Acta 2018, 480, 114–118. [CrossRef]

18. Palombo, C.; Kozakova, M. Arterial stiffness, atherosclerosis and cardiovascular risk: Pathophysiologic mechanisms and emerging
clinical indications. Vasc. Pharmacol. 2016, 77, 1–7. [CrossRef]

19. Vlachopoulos, C.; Xaplanteris, P.; Aboyans, V.; Brodmann, M.; Cífková, R.; Cosentino, F.; De Carlo, M.; Gallino, A.;
Landmesser, U.; Laurent, S.; et al. The role of vascular biomarkers for primary and secondary prevention. Atherosclerosis 2015,
241, 507–532. [CrossRef]

20. McEniery, C.M.; Yasmin, M.-P.; Maki-Petaja, K.M.; McDonnell, B.J.; Munnery, M.; Hickson, S.S.; Franklin, S.S.; Cockcroft, J.R.;
Wilkinson, I.B.; Anglo-Cardiff Collaboration Trial Investigators. The impact of cardiovascular risk factors on aortic stiffness and
wave reflections depends on age: The Anglo-Cardiff Collaborative Trial (ACCT III). Hypertension 2010, 56, 591–597. [CrossRef]

21. Kawamoto, R.; Kohara, K.; Tabara, Y.; Miki, T.; Ohtsuka, N.; Kusunoki, T.; Yorimitsu, N. An association between decreased
estimated glomerular filtration rate and arterial stiffness. Intern. Med. 2008, 47, 593–598. [CrossRef] [PubMed]

22. Aroor, A.R.; Jia, G.; Sowers, J.R. Cellular mechanisms underlying obesity-induced arterial stiffness. Am. J. Physiol. Regul. Integr.
Comp. Physiol. 2018, 314, R387–R398. [CrossRef] [PubMed]

23. Kozakova, M.; Morizzo, C.; Guarino, D.; Federico, G.; Miccoli, M.; Giannattasio, C.; Palombo, C. The Impact of age and risk
factors on carotid and carotid-femoral pulse wave velocity. J. Hypertens. 2015, 33, 1446–1451. [CrossRef] [PubMed]

24. AlGhatrif, M.; Strait, J.B.; Morrell, C.H.; Canepa, M.; Wright, J.; Elango, P.; Scuteri, A.; Najjar, S.S.; Ferrucci, L.; Lakatta,
E.G. Longitudinal trajectories of arterial stiffness and the role of blood pressure: The Baltimore longitudinal study of aging.
Hypertension 2013, 62, 934–941. [CrossRef]

25. Harvey, A.; Montezano, A.C.; Lopes, R.A.; Rios, F.; Touyz, R.M. Vascular fibrosis in aging and hypertension: Molecular
mechanisms and clinical implications. Can. J. Cardiol. 2016, 32, 659–668. [CrossRef]

26. Cruickshank, K.; Riste, L.; Anderson, S.G.; Wright, J.S.; Dunn, G.; Gosling, R.G. Aortic pulse-wave velocity and its re-
lationship to mortality in diabetes and glucose intolerance: An integrated index of vascular function? Circulation 2002,
106, 2085–2090. [CrossRef]

27. Cardoso, C.R.; Salles, G.F. Aortic stiffness as a surrogate endpoint to micro- and macrovascular complications in patients with
type 2 diabetes. Int. J. Mol. Sci. 2016, 17, 2044. [CrossRef]

28. Shahwan, M.J.; Jairoun, A.A.; Farajallah, A.; Shanabli, S. Prevalence of dyslipidemia and factors affecting lipid profile in patients
with type 2 diabetes. Diabetes Metab. Syndr. 2019, 13, 2387–2392. [CrossRef]

29. Wang, X.; Ye, P.; Cao, R.; Yang, X.; Xiao, W.; Zhang, Y.; Bai, Y.; Wu, H. Triglycerides are a predictive factor for arterial stiffness: A
community-based 4.8-year prospective study. Lipids Health Dis. 2016, 15, 97. [CrossRef]

30. Kim, Y.; Park, C.W. Mechanisms of adiponectin action: Implication of adiponectin receptor agonism in diabetic kidney disease.
Int. J. Mol. Sci. 2019, 20, 1782. [CrossRef]

31. Azizi Ghanbari, A.; Dörr, R.; Spitzer, S.; Stumpf, J.; Britz, A.; Amann-Zalan, I.; Lodwig, V.; Ulm, B.; Schnell, O.; Lohmann, T.
Adiponectin in coronary heart disease and newly diagnosed impaired glucose tolerance. Diab. Vasc. Dis. Res. 2013, 10, 452–458.
[CrossRef] [PubMed]

32. Weyer, C.; Funahashi, T.; Tanaka, S.; Hotta, K.; Matsuzawa, Y.; Pratley, R.E.; Tataranni, P.A. Hypoadiponectinemia in obesity and
type 2 diabetes: Close association with insulin resistance and hyperinsulinemia. J. Clin. Endocrinol. Metab. 2001, 86, 1930–1935.
[CrossRef] [PubMed]

33. Tsioufis, C.; Dimitriadis, K.; Selima, M.; Thomopoulos, C.; Mihas, C.; Skiadas, I.; Tousoulis, D.; Stefanadis, C.; Kallikazaros, I. Low-
grade inflammation and hypoadiponectinaemia have an additive detrimental effect on aortic stiffness in essential hypertensive
patients. Eur. Heart J. 2007, 28, 1162–1169. [CrossRef] [PubMed]

34. El Khoudary, S.R.; Barinas-Mitchell, E.; White, J.; Sutton-Tyrrell, K.; Kuller, L.H.; Curb, J.D.; Shin, C.; Ueshima, H.; Masaki, K.;
Evans, R.W.; et al. Adiponectin, systolic blood pressure, and alcohol consumption are associated with more aortic stiffness
progression among apparently healthy men. Atherosclerosis 2012, 225, 475–480. [CrossRef] [PubMed]

35. Youn, J.C.; Kim, C.; Park, S.; Lee, S.H.; Kang, S.M.; Choi, D.; Son, N.H.; Shin, D.J.; Jang, Y. Adiponectin and progression of arterial
stiffness in hypertensive patients. Int. J. Cardiol. 2013, 163, 316–319. [CrossRef]

36. De Faria, A.P.; Demacq, C.; Figueiredo, V.N.; Moraes, C.H.; Santos, R.C.; Sabbatini, A.R.; Barbaro, N.R.; Boer-Martins, L.; Fontana,
V.; Moreno, H. Hypoadiponectinemia and aldosterone excess are associated with lack of blood pressure control in subjects with
resistant hypertension. Hypertens. Res. 2013, 36, 1067–1072. [CrossRef]

37. Bielecka-Dabrowa, A.; Bartlomiejczyk, M.A.; Sakowicz, A.; Maciejewski, M.; Banach, M. The role of adipokines in the development
of arterial stiffness and hypertension. Angiology 2020, 71, 754–761. [CrossRef]

38. Lin, S.C.; Wu, T.J.; Wu, D.A.; Hsu, B.G. Hypoadiponectinemia is associated with aortic stiffness in nondialysis diabetic patients
with stage 3-5 chronic kidney disease. Vascular 2022, in press. [CrossRef]

39. Ruan, H.; Dong, L.Q. Adiponectin signaling and function in insulin target tissues. J. Mol. Cell Biol. 2016, 8, 101–109. [CrossRef]
40. Shibata, R.; Ouchi, N.; Ohashi, K.; Murohara, T. The role of adipokines in cardiovascular disease. J. Cardiol. 2017,

70, 329–334. [CrossRef]

http://doi.org/10.1016/j.cca.2017.08.030
http://doi.org/10.1016/j.cca.2018.02.007
http://doi.org/10.1016/j.vph.2015.11.083
http://doi.org/10.1016/j.atherosclerosis.2015.05.007
http://doi.org/10.1161/HYPERTENSIONAHA.110.156950
http://doi.org/10.2169/internalmedicine.47.0825
http://www.ncbi.nlm.nih.gov/pubmed/18379142
http://doi.org/10.1152/ajpregu.00235.2016
http://www.ncbi.nlm.nih.gov/pubmed/29167167
http://doi.org/10.1097/HJH.0000000000000582
http://www.ncbi.nlm.nih.gov/pubmed/26039533
http://doi.org/10.1161/HYPERTENSIONAHA.113.01445
http://doi.org/10.1016/j.cjca.2016.02.070
http://doi.org/10.1161/01.CIR.0000033824.02722.F7
http://doi.org/10.3390/ijms17122044
http://doi.org/10.1016/j.dsx.2019.06.009
http://doi.org/10.1186/s12944-016-0266-8
http://doi.org/10.3390/ijms20071782
http://doi.org/10.1177/1479164113490179
http://www.ncbi.nlm.nih.gov/pubmed/23818456
http://doi.org/10.1210/jcem.86.5.7463
http://www.ncbi.nlm.nih.gov/pubmed/11344187
http://doi.org/10.1093/eurheartj/ehm089
http://www.ncbi.nlm.nih.gov/pubmed/17446227
http://doi.org/10.1016/j.atherosclerosis.2012.09.015
http://www.ncbi.nlm.nih.gov/pubmed/23040831
http://doi.org/10.1016/j.ijcard.2011.06.061
http://doi.org/10.1038/hr.2013.92
http://doi.org/10.1177/0003319720927203
http://doi.org/10.1177/17085381211007602
http://doi.org/10.1093/jmcb/mjw014
http://doi.org/10.1016/j.jjcc.2017.02.006


Int. J. Environ. Res. Public Health 2022, 19, 3062 11 of 11

41. Li, R.; Wang, W.Q.; Zhang, H.; Yang, X.; Fan, Q.; Christopher, T.A.; Lopez, B.L.; Tao, L.; Goldstein, B.J.; Gao, F.; et al. Adiponectin
improves endothelial function in hyperlipidemic rats by reducing oxidative/nitrative stress and differential regulation of
eNOS/iNOS activity. Am. J. Physiol. Endocrinol. Metab. 2007, 293, E1703–E1708. [CrossRef]

42. Saito, I.; Yamagishi, K.; Chei, C.L.; Cui, R.; Ohira, T.; Kitamura, A.; Kiyama, M.; Imano, H.; Okada, T.; Kato, T.; et al. Total
and high molecular weight adiponectin levels and risk of cardiovascular disease in individuals with high blood glucose levels.
Atherosclerosis 2013, 229, 222–227. [CrossRef] [PubMed]

43. Ioakeimidis, N.; Emmanouil, E.; Terentes-Printzios, D.; Dima, I.; Aznaouridis, K.; Tousoulis, D.; Vlachopoulos, C. Acute effect of
heat-not-burn versus standard cigarette smoking on arterial stiffness and wave reflections in young smokers. Eur. J. Prev. Cardiol.
2021, 28, e9–e11. [CrossRef] [PubMed]

44. Hwang, C.L.; Piano, M.R.; Thur, L.A.; Peters, T.A.; da Silva, A.L.G.; Phillips, S.A. The effects of repeated binge drinking on arterial
stiffness and urinary norepinephrine levels in young adults. J. Hypertens. 2020, 38, 111–117. [CrossRef] [PubMed]

45. Zhang, X.; Liu, J.J.; Sum, C.F.; Ying, Y.L.; Tavintharan, S.; Ng, X.W.; Low, S.; Lee, S.B.; Tang, W.E.; Lim, S.C. Ethnic dis-
parity in central arterial stiffness and its determinants among Asians with type 2 diabetes. Atherosclerosis 2015, 242, 22–28.
[CrossRef] [PubMed]

46. Moh, M.C.; Sum, C.F.; Tavintharan, S.; Ang, K.; Lee, S.B.M.; Tang, W.E.; Lim, S.C. Baseline predictors of aortic stiffness progression
among multi-ethnic Asians with type 2 diabetes. Atherosclerosis 2017, 260, 102–109. [CrossRef] [PubMed]
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