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ARTICLE INFO ABSTRACT

Aims: This cross-sectional study aimed to investigate the association between arterial stiffness and chronic kidney
disease (CKD) in Chinese patients with type 2 diabetes mellitus (T2DM).

Methods: This study included 1025 patients with T2DM (796 men, 229 women). The cardio-ankle vascular index
(CAVI) served as an index to evaluate arterial stiffness. CKD was defined as an estimated glomerular filtration
rate < 60 mL/min/1.73 m? and/or urinary albumin-creatine ratio > 30 mg/g. Increased CAVI was defined as a
value >9.

Results: The mean CAVI was 8.4 + 1.2. Among the patients, 314 (40%) had increased CAVI and 229 (22.3%) had
CKD. Blood pressure, HbA1c levels, total cholesterol, low-density lipoprotein cholesterol, uric acid and CAVI
were higher among patients with CKD than among those without CKD. Patients with increased CAVI were at a
1.82-fold (95% CI, 1.20-2.75; P < 0.001) higher prevalence of CKD after adjusting for other variables. The odds
ratio for CKD was 2.69 (95% CI, 1.12-6.47; P = 0.027) in women and 1.62 (95% CI, 1.01-2.61; P = 0.045) in men.
Conclusion: Increased CAVI was independently associated with CKD in patients with T2DM. Further longitudinal
studies with large sample sizes are warranted to investigate the effect of CAVI on CKD in patients with T2DM.
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1. Introduction

Chronic kidney disease (CKD) is considered an increasing public
health problem." The China National Survey of CKD from 2007 to 2010
revealed that the overall prevalence of CKD in China is 10.8% and that
the number of patients with CKD is estimated to be approximately
119.5 million.? Diabetes mellitus is recognized as the leading cause of
CKD and end-stage renal disease (ESRD), and the incidence of
diabetes-related ESRD is increasing at an alarming rate.>~> Besides dia-
betes, hyperglycemia, obesity, smoking status, hypertension, hyperuri-
cemia, and metabolic syndrome are risk factors for CKD, as reported
previously.® Moreover, these factors are also known to be associated
with increased arterial stiffness.'®~!® Both CKD and increased arterial
stiffness are risk factors for cardiovascular disease and are strong predic-
tors of future cardiovascular events and all-cause mortality.'*~1”

Previous studies have reported that arterial stiffness is associated
with incident albuminuria and decreased estimated glomerular filtra-
tion rate (eGFR) in both the general population and patients with type
2 diabetes mellitus (T2DM).'®-2! The indices used in these studies
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included brachial-ankle pulse wave velocity (ba-PWV) and carotid-
femoral pulse wave velocity (cf-PWV). Although PWV is widely used
as an indicator of arterial stiffness and a marker reflecting vascular dam-
age, PWV has been reported to be affected by several factors, including
blood pressure (BP) at the time of measurement and autonomic nerve
function.?? Recently, as a non-invasive index of arterial stiffness, the
cardio-ankle vascular index (CAVI) was developed to estimate the de-
gree of stiffness of systemic arteries.?> CAVI is adjusted for BP based
upon the stiffness parameter beta; thus, it is independent of BP.2* The
measurement accuracy of CAVI and its correlation with several arterio-
sclerotic parameters have been previously reported.>>~2” Evidence
shows that CAVI is superior to PWV because its measurement is not af-
fected by BP and CAVI has a high level of reproducibility.?® Moreover,
several studies have been conducted to determine the associations be-
tween CAVI and many vascular-related diseases.??—!

Furthermore, several studies have found that CAVIis associated with
eGFR and CKD in the general population.>?-** However, few studies
have reported the association between arterial stiffness and CKD using
CAVI as a stiffness parameter in patients with diabetes. Kim reported
that increased CAVI is associated with microvascular complications,
such as nephropathy and neuropathy, in patients with T2DM; however,
that study included a small number of patients and only used
microalbuminuria as a marker of CKD.>* Herein, we conducted a
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large-scale cross-sectional study to investigate the association between
CAVI and the prevalence of CKD in Chinese patients with T2DM.

2. Materials and methods
2.1. Subjects

This retrospective cross-sectional study recruited consecutive pa-
tients with T2DM aged 18-79 years who were hospitalized for either
comprehensive diabetic complication screening or poor blood glucose
control at the Department of Endocrinology and Metabolism of our hos-
pital between May 2017 and December 2018. Patients were excluded
according to the following criteria: (1) low ankle-brachial index (ABI
<0.9) and reported history of cardiovascular disease, including coronary
heart disease, congestive heart failure, or stroke; (2) presence of sys-
temic inflammatory or infectious disease; (3) presence of malignant
tumor; or (4) incomplete data on CAVI and CKD. A total of 1578 patients
were screened. After applying the exclusion criteria, 1025 eligible pa-
tients were selected and enrolled. This study was approved by the Ethics
Review Committee of West China Hospital, Sichuan University, which
waived the requirement for informed consent.

2.2. Assessment of arterial stiffness

CAVI was measured by trained technical staff using a VaseraVs-
1500A instrument (Fukuda Denshi, Tokyo, Japan) with patients resting
in the supine position. Electrocardiogram electrodes were placed on
both wrists, and the cuffs were wrapped around the four extremities.
A microphone for detecting heart sounds was placed on the sternal
angle. BP and waveforms of the brachial and ankle arteries were mea-
sured. Data obtained were analyzed using the 1500A vascular screening
system software (Fukuda Denshi). The CAVI value was obtained auto-
matically using the following formula: CAVI = a [{2p x 1/ (SBP-DBP)}
x {In (SBP/DBP) x PWV?}] + b (p: density of blood; a and b:
constants).?> The average of the right and left CAVI values was used
for the analyses. Increased CAVI was defined as a value >9 according
to the manufacturer's instruction and previous studies.>>~>’

2.3. Data collection

We evaluated both clinical characteristics (age, weight, height,
T2DM duration, smoking status, history of hypertension, systolic blood
pressure [SBP], and diastolic blood pressure [DBP]) and biochemical pa-
rameters (levels of fasting HbA1c, triglycerides [TG], total cholesterol
[TC], high-density lipoprotein cholesterol [HDL—C], low-density lipo-
protein cholesterol [LDL-C], fasting blood glucose (FBG), serum creati-
nine [SCr], and uric acid [UA] and urinary albumin-creatinine ratio
[ACRY]), collected from the electronic medical records. HbA1c was deter-
mined by a method based on high-performance liquid chromatography
(HPLC) which was approved by the National Glycohemoglobin Stan-
dardization Program (NGSP) (HLC-723 G8, Tosoh Corporation, Japan).
Serum lipid-profile, Scr, and UA were measured on an automatic bio-
chemistry analyzer (Modular P800, Roche Diagnostics GmbH,
Germany) according to standard laboratory procedures. Urinary albu-
min and creatinine were used to calculate ACR. Regarding the effect of
dehydration on CAVI and estimated glomerular filtration rate (eGFR),
for those patients with a level of HbA1c 29, insulin or oral antidiabetic
drugs were used to control blood glucose. After intensive or moderate
glucose control, the FBG and SCr were retested. Then ACR, digital fundus
photography, and CAVI were performed.

2.4. Definitions
Body mass index (BMI) was calculated as weight in kilograms di-

vided by the square of height in meters. eGFR was calculated using the
abbreviated Modification of Diet in Renal Disease Study Group

(MDRD) formula modified for Chinese subjects: 186 x [SCr x 0.011]~
1.094 5 age™029 (x0.742 in women) x 1.233 (if Chinese).® Hyperten-
sion was defined as three documented measurements >140/90 mmHg
at rest, history of hypertension reported by the patient, or treatment
with antihypertensive agents. CKD was defined as eGFR <60 mL/min/
1.73 m? and/or urinary ACR >30 mg/g according to the Kidney Disease
Outcome Quality Initiative clinical practice guidelines for CKD.3°

2.5. Statistical analysis

Distribution of the continuous variables was tested by the
Kolmogorov-Smirnov test. Continuous variables were presented as
mean =+ standard deviation (SD) when normally distributed or median
(interquartile range) when not (diabetic duration, ACR, and TG). Cate-
gorical variables were showed as number (percentage). Differences be-
tween two groups were examined using Student's t-test for normally
distributed variables, Mann-Whitney U test for those non-normally dis-
tributed variables, and chi-square test for categorical variables. Multiple
logistic regression analysis was performed to evaluate the associations
between CAVI and CKD, with results expressed as odds ratio (OR) and
95% confidence interval (CI). The covariates entered into the model
were based on univariate analyses and literature review.*° Interaction
and stratified analyses were conducted according to age, diabetic dura-
tion, SBP, DBP, LDL-C, UA, and HbA1c. P values <0.05 (two-tailed) were
considered statistically significant. All analyses were performed using
Empower (www.empowerstats.com; X&Y Solutions, Inc., Boston, MA,
USA) software.

3. Results
A total of 1025 patients were enrolled in this study (mean age,

54.8 4+ 9.6 years; age range, 24-79 years; male/female, 758/267). The
characteristics of the study participants are presented in Table 1. Of all

Table 1
Characteristics of the study participants grouped by with and without CKD.
Variables Overall Without CKD ~ With CKD P-value
n = (1025) n = (796) n = (229)
Male, n (%) 758 (74.0) 579 (72.7) 179 (78.2) 0.099
Age, years 54.8 4+ 9.6 54.2 £ 9.5 57.1 £ 9.6 <0.001
Diabetic duration, 7.0 (4.0-11.0) 6.0 (3.0-10.0) 10.0 (5.0-14.0) <0.001
years
BMI, Kg/m? 25.7 + 34 25.6 + 3.3 26.0 + 3.6 0.096
Current smokers, n 599 (58.4) 456 (57.3) 143 (62.5) 0.163
(%)
Hypertension, n (%) 486 (47.4) 326 (41.0) 160 (69.9) <0.001
SBP, mm Hg 1293 + 174 1265 4+ 163 138.8 + 199 <0.001
DBP, mm Hg 825+ 109 815+ 104 86.0+ 11.8 <0.001
HbAlc, % 92 + 23 9.1+ 23 95422 0.040
TG, mmol/L 1.46 1.44 1.51 0.357
(1.08-2.17)  (1.07-2.10)  (1.10-2.35)
TC, mmol/L 448 +£ 111 442 4+ 1.04 467 + 132 0.003
HDL-C, mmol/L 116 £ 029 115+ 028 1.19 4+ 032 0.091
LDL-C, mmol/L 251 4088 247 +0.82 264 4+ 1.05 0.013
FBG, mmol/L 718 £ 146 715+ 143 731 £ 158 0.256
UA, umol/L 366.6 + 86.1 3604 + 854 3879 4 85.1 <0.001
Scr, pmol/L 68.6 23,5 65.1 +£13.6 81.0 + 40.7 <0.001
eGFR, ml/min per 113.1 £29.1 1145 £+ 262 100.2 + 354 <0.001
1.73 m?
ACR, mg/g 14.0 10.2 215.0 <0.001
(7.0-45.7) (6.0-19.9) (69.0-445.7)
CVAI 84+ 12 82+ 12 894+ 12 <0.001
CAVI 29, n (%) 314 (30.6) 201 (25.3) 113 (49.3) <0.001

Abbreviation: CKD, chronic kidney disease; BMI, body mass index; SBP, systolic blood
pressure; DBP, diastolic blood pressure; TG, total triglycerides; TC, total cholesterol;
HDL-C, high density lipoprotein cholesterol; LDL-C, low density lipoprotein cholesterol;
FBG, fasting blood glucose; UA, uric acid; Scr, serum creatinine; eGFR, estimated glomeru-
lar filtration rate; CAVI, carotid ankle vascular index; ACR, albumin-creatinine-ratio.
Data are shown as mean =+ standard deviation, number (percentage) or median (inter-
quartile range).
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patients, 229 (22.3%) had CKD. Patients with CKD were older (P< 0.001)
and had a longer T2DM duration (P < 0.001). The proportion of patients
with hypertension was also higher among patients with CKD
(P <0.001). Levels of SBP (P < 0.001), DBP (P < 0.001), HbAlc (P =
0.040), TC (P = 0.003), LDL-C (P = 0.013), and UA (P < 0.001) were
higher in patients with CKD than in those without CKD. CAVI values
(8.9 vs. 8.2; P<0.001) and the proportion of patients with increased
CAVI (49.3% vs. 25.3%) were also higher among patients with CKD. No
significant differences were found in the proportion of smokers, BMI,
FBG, TG, and HDL-C between the two groups.

Table 2 compares the characteristics of the normal CAVI and in-
creased CAVI groups. Compared with patients with normal CAVI, those
with increased CAVI were older, had a longer T2DM duration, and
were more likely to be active smokers and hypertensive. They also
had higher levels of SBP, DBP, HDL—C, and UA and worse renal function,
but had lower BMI and TG, TC, and LDL-C levels. Fewer patients in the
increased CAVI group had all three “ABC” targets (A, HbA1lc; B, BP; C,
LDL-C) compared with the normal CAVI group, but this difference was
not statistically significant (4.1% vs. 6.9%; P = 0.08).

Moreover, the unadjusted associations between the clinical variables
and CKD risk were analyzed. As shown in Table 3, our results indicate
that age (P < 0.001), T2DM duration (P < 0.001), presence of hyperten-
sion (P<0.001), SBP (P<0.001), DBP (P<0.001), TC (P = 0.003), LDL-C
(P=0.014), UA (P< 0.001), HbA1c (P = 0.027), and CAVI (P < 0.001)
were positively associated with CKD. In addition, a positive association
was found between BMI and CKD, but this association was not statisti-
cally significant.

Table 4 shows the results of the multivariate logistic regression anal-
ysis for the associations between CAVI and CKD. In multivariate models
including age, T2DM duration, BMI, smoking status, SBP, UA, LDL-C, and
HbA1c, the prevalence of CKD increased with increasing CAVI in overall
patients (OR, 1.36; 95% CI, 1.11-1.66; P = 0.003). For female patients,
the OR for CKD tended to increase with increasing CAVI, but the increase
was not statistically significant (OR, 1.28; 95% CI, 0.85-1.95; P = 0.238).

Table 2
Characteristics of the study participants grouped by normal CAVI and increased CAVL.
Variables Overall Normal CAVI  Increased P-value
n = (1025) n = (711) CAVI
n = (314)
Male, n (%) 758 (74.0) 518 (72.9) 240 (76.4) 0.229
Age, years 54.8 + 9.6 515+ 83 623 +£79 <0.001
Diabetic duration, 7.0 (4.0-11.0) 6.0 (3.0-10.0) 10.0 <0.001
years (6.0-14.0)
BMI, Kg/m? 25.7 + 34 259 4+ 35 25.1 + 3.0 <0.001
Current smokers, n (%) 599 (58.4) 407 (57.2) 192 (61.2) 0.024
Hypertension, n (%) 486 (47.4) 267 (37.6) 219 (69.8) <0.001
SBP, mm Hg 1293 +£ 174 126.0 +£ 168 136.7 &+ 16.6 <0.001
DBP, mm Hg 82.5 + 109 81.8 + 109 84.0 4+ 10.7 0.002
HbA1lc, % 92 423 92 £+ 23 92 £+ 23 0.075
TG, mmol/L 1.46 1.51 1.32 0.014
(1.08-2.17) (1.12-2.22) (0.98-2.08)
TC, mmol/L 448 + 1.11 451 + 1.08 440 + 1.18 0.154
HDL-C, mmol/L 1.16 &+ 0.29 1.15 £ 0.28 1.20 £ 0.30 0.014
LDL-C, mmol/L 2.51 4+ 0.88 2.53 4+ 0.84 2.46 4+ 0.95 0.013
FBG, mmol/L 7.18 + 1.46 7.23 + 142 7.06 £+ 1.55 0.182
UA, umol/L 366.6 + 86.1 3659 + 88.8 368.1 £ 795 <0.001
Scr, umol/L 68.6 + 23.5 65.3 &+ 15.2 76.1 4+ 34.8 <0.001
eGFR, ml/min per 113.1 £ 291 1158 £ 272 101.2 +30.7 <0.001
1.73 m?
ACR, mg/g 14.0 125 23.1 <0.001
(7.0-45.7) (6.2-32.2) (9.0-144.4)
CKD, n (%) 314 (30.6) 116 (16.3) 113 (36.0) <0.001
Target achievements, n (%)
HbAlc < 7% 153 (14.9) 105 (15.7) 48 (16.1) 0.870
BP < 130/80 mmHg 329 (32.1) 266 (37.4) 63 (20.1) <0.001
LDL-c < 2.6 mmol/L 553 (54.0) 376 (53.4) 177 (56.9) 0.301
At three targets 62 (6.0) 49 (6.9) 13 (4.1) 0.080

Data are shown as mean + standard deviation, number (percentage) or median (inter-
quartile range).

Table 3

The correlations of various factors with risk for CKD by univariate analysis (n = 1025).
Variables Odds ratio (95% CI) P-value
Age 1.03 (1.02, 1.05) <0.001
Male 1.34 (0.95, 1.90) 0.100
Diabetic duration 1.10(1.07,1.13) <0.001
BMI 1.04 (0.99, 1.08) 0.097
Smoking 1.24 (0.92, 1.68) 0.163
Hypertension 3.34 (2.44,4.58) <0.001
SBP 1.04 (1.03, 1.05) <0.001
DBP 1.04 (1.02, 1.05) <0.001
TG 1.05 (0.95, 1.15) 0.358
TC 1.22 (1.07, 1.39) 0.003
LDL-C 1.23 (1.04, 1.46) 0.014
HDL-C 1.53 (0.93,2.53) 0.092
HbAlc 1.08 (1.01, 1.15) 0.027
UA 1.00 (1.00, 1.01) <0.001
CAVI 1.61 (1.40, 1.84) <0.001

The data are presented as odds ratios (95% confidence intervals) and P-value.

However, the OR for CKD was 1.38 (95% CI, 1.10-1.75; P = 0.006) for the
male patients.

We further evaluated whether increased CAVI was associated with
CKD in male and female patients. Patients with increased CAVI had a
1.82-fold (95% CI, 1.20-2.75; P < 0.001) greater prevalence of CKD
after adjusting for other variables. The OR for CKD was 2.69 (95% CI,
1.12-6.47; P = 0.027) for female patients and 1.62 (95% CI, 1.01-2.61;
P = 0.045) for male patients. These findings suggest that increased
CAVI independently associated with the prevalence of CKD.

To further confirm whether there were possible interaction effects
on the association of CAVI with CKD risk, stratifies analyses were per-
formed according to the different subgroup, include age (<60 years
and >60 years), diabetic duration (<10 years and >10 years), SBP
(<140 mmHg and >140 mmHg), DBP (<90 mmHg and >90 mmHg),
LDL-C (<2.6 mmol/L and 22.6 mmol/L), UA (<420 pmol/L and
>420 umol/L), and HbA1c (<7%, 7% < HbA1c < 9%, and 29%). All analyses
were adjusted for age, diabetic duration, BMI, SBP, DBP, LDL-C, UA, and
HbA1c except for the variable that was stratified. As shown in Fig. 1, sub-
group analyses stratified by different subgroup showed that there was
no interaction term between CAVI and CKD (all P values >0.05).

4. Discussion

In this cross-sectional study of 1025 patients with T2DM, we exam-
ined the association between CAVI and the prevalence of CKD. We found
that the prevalence of CKD increased with increasing CAVI in male pa-
tients, independent of age and other clinical variables. Patients with

Table 4
Logistic regression analysis of CAVI in relation to CKD risk.
Variables Female Male Total
OR (95% Cl) P-value OR(95%CI) P-value OR(95%CI) P-value
CAVI
Model 1 158 (1.19, 0.002 1.60(1.38, <0.001 1.60(1.40, <0.001
2.10) 1.87) 1.83)
1.47 (0.99, 1.69 (1.37, 1.64 (1.36,
Model 2 2.18) 0.053 2.08) <0.001 197) <0.001
1.28 (0.85, 1.38 (1.10, 1.36 (1.11,
Model 3 1.95) 0.238 1.75) 0.006 166) 0.003
CAVI 29
Model 1 3.81(2.01, <0.001 2.63(1.86, <0.001 2.86(2.11, <0.001
7.24) 3.72) 3.89)
3.67 (1.59. 2.23 (1.52, 2.56 (1.75,
Model 2 8.44) 0.002 357) 0.001 374) <0.001
2.69 (1.12, 1.62 (1.01, 1.82 (1.20,
Model 3 6.47) 0.027 261) 0.045 275) 0.005

The data are presented as odds ratios (95% confidence intervals) and P-value. Model 1:
non-adjusted; model 2: adjusted for age, diabetes duration, BMI and smoking status;
model 3: adjusted for age, duration of DM, BMI, smoking status, SBP, UA, LDL-C and HbA1c.
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Subgroup OR 95% CI P for interaction
Age, years

Age<60 —— 1.34 (1.06,1.68)

Agez=60 — 1.63 (1.21,2.20) 0.284
Diabetic duration, years

Duration<10 —— 1.69 (1.29, 2.20)

Duration=10 —— 1.39 (1.05, 1.85) 0.319
SBP, mmHg

SBP<140 —— 1.42 (1.10,1.85)

SBP=140 —— 1.68 (1.26, 2.25) 0.390
DBP, mmHg

DBP<90 —— 1.66 (1.30,2.11)

DBP=90 i 1.42 (1.02,1.97) 0.456
LDL-C, mmol/L

LDL-C<2.6 —— 1.52 (1.17,1.98)

LDL-C=2.6 — 1.97 (1.49,2.60) 0.172
UA, pmol/L

UA<420 —— 173 (1.40,2.13)

UA=2420 — 1.75 (1.29,2.37) 0.935
HbA1c, %

HbA1c<7 o 1.84 (1.09,3.11)

7< HbA1c=9 — 1.35 (0.99, 1.85)

HbA1c=9 —— 1.55 (1.16, 2.06) 0.575

Fig. 1. Association of CAVI and CKD in different subgroup. Each stratification adjusted for all the factors (age, duration of DM, BMI, SBP, DBP, UA, LDL-C and HbA1c) expect the stratification

factor itself.

increased CAVI had a 1.82-fold higher prevalence of CKD than those
with normal CAVI. Our findings suggest that increased CAVI was inde-
pendently associated with CKD. To the best of our knowledge, this is
the first study using a large group of patients to demonstrate the associ-
ation between CAVI and CKD in Chinese patients with T2DM.

Previously, current tobacco use, obesity, hypertension, diabetes, and
dyslipidemia were identified as risk factors for CKD.*° Apart from CAVI,
our univariate analyses showed that age, T2DM duration, hypertension,
SBP, DBP, TC, LDL-C, UA, and HbA1c were associated with CKD. How-
ever, the associations among BMI, smoking status, and CKD were not
significant. In both observational cohorts and randomized clinical trials,
optimal control of multiple risk factors could reduce the micro- and
macrovascular complications and mortality rates associated with
T2DM. However, among patients with increased CAVI, only 16.1% had
HbA1c levels <7%, 20.1% achieved a target BP of <130/80 mmHg, and
56.9% achieved a target LDL-C of <2.6 mmol/L; only 4.1% of patients
achieved all three of these targets. Given the increased prevalence of
CKD in patients with increased CAVI, anti-stiffness interventions are re-
quired in addition to intensive management of glucose, BP, and choles-
terol to improve clinical outcomes of cardiovascular and kidney disease.

Several previous reports have assessed the association between ar-
terial stiffness and microalbuminuria and/or eGFR in patients with
T2DM. Zhang reported cf-PWYV as an independent predictor for albu-
minuria progression among Asians with T2DM.?° The REBOUND Study
showed that ba-PWV had a stronger association than decreased eGFR
with albuminuria in Korean patients with T2DM.'° While in a longitudi-
nal study, cf~-PWV was associated with incident albuminuria and decline
rate of eGFR in patients with T2DM.?! However, the index used in these
studies was PWV, which has been reported to be influenced by BP. In
our study, we use a different marker to determine the association be-
tween arterial stiffness and CKD.

CAVI is considered a parameter to reflect whole arterial stiffness
comprising the aorta, femoral artery, and tibial artery and is indepen-
dent of BP.#! A previous study reported that in the general population,
CAVI was independently correlated with eGFR.>® Few studies have

investigated the relationships between diabetic microvascular compli-
cations and arterial stiffness as assessed by CAVI. Lim>* designed a
cross-sectional study of 320 Korean patients with T2DM to evaluate
the associations between CAVI and diabetic microvascular complica-
tions. They found that increased CAVI was associated with
microalbuminuria (OR, 2.47; P < 0.01), as well as with peripheral neu-
ropathy (OR, 2.03; P = 0.03). Our findings are partially consistent
with this study. However, we analyzed a large number of patients and
considered the two components of CKD (namely, albuminuria and re-
duced eGFR), while Lim defined diabetic nephropathy as
microalbuminuria.

This study had several limitations. First, this was a retrospective
cross-sectional study, which did not confirm the causal relationship be-
tween CAVI and CKD. Therefore, a larger-scale prospective study is re-
quired to determine the predictive value of CAVI for clinical outcomes
(including micro- and macrovascular complications) in patients with
T2DM. Second, there may be a potential risk of selection bias since hos-
pitalized patients usually present a more sever clinical features of their
disease. Third, the study was performed at a single institution and
only involved Chinese patients; therefore, the results might not be gen-
eralizable to populations of different ethnicities. Fourth, dehydration
was not assessed and that its influence on CAVI was not corrected in
this study. Although we underwent CAVI after intensive or moderate
glucose control, the current study population was still at high risk of de-
hydration. Fifth, we did not take into consideration the effects of phar-
macological treatment, such as antidiabetic,*? antiplatelet,*®
antihypertensive,** and lipid-lowering drugs,*> which are known to re-
duce arterial stiffness.

Nevertheless, the strength of this study is its relatively large sample
size involving patients with T2DM. This study provides useful and
strong epidemiologic evidence regarding the association between
CAVI and CKD in patients with T2DM. In conclusion, CAVI was found
to be independently associated with CKD in patients with T2DM. In fu-
ture, longitudinal studies with larger sample sizes must be conducted to
further investigate the effect of CAVI on CKD in patients with T2DM.
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