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Relationships between Cardiac Autonomic Neuropathy and the Brachial-ankle Pulse

Wave Velocity in Patients with Type 2 Diabetes
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Pusan-Paik Hospital, Inje University College of Medicine, Busan, Korea

Background: Cardiovascular disease is the leading cause of death in patients with type 2 diabetes. Clinically, evaluating cardiovas-
cular autonomic neuropathy (CAN) is important to predict cardiovascular mortality because it is correlated with cardiovascular death.
The pulse wave velocity (PWV) correlates well with arterial distensibility and stiffness. It is also a useful approach for evaluating the
severity of systemic atherosclerosis in adults. So, we evaluated that the relationship between cardiac autonomic neuropathy and the

brachial-ankle pulse wave velocity (baPWV) in patients with type 2 diabetes.

Methods: We retrospectively analyzed 465 patients (209 men and 256 women) with type 2 diabetes. We checked the clinical char-
acteristics and the laboratory tests and we assessed the diabetic complications. Standard tests for CAN were performed by DiCAN
(Medicore, Seoul, Korea): 1) heart rate variability during deep breathing (the E/I ratio), 2) a Valsalva maneuver, 3) 30:15 ratio of R-R
interval the blood pressure response to standing, and 5) the blood pressure response to handgrip. The CAN score was determined
according to the results of the test as following: 0 = normal, 0.5 = borderline, 1 = abnormal. We also measured the baPWV by using a
VP 1000 (Colin, Japan) and all the analyses were performed with the SPSS version 14.0. Pvalues < 0.05 were considered significant.

Results: The CAN score is associated with the maximal baPWV, age, systolic blood pressure, microalbuminuria, the duration of dia-
betes, angiotensin II receptor blocker treatment, calcium channel blocker treatment, 3-blocker treatment and nephropathy. After

adjusting for age, the baPWV is a independent predictor of the risk for CAN (= 0.108, P = 0.021).

Conclusion: The CAN is associated with the baPWV in patient with type 2 diabetes. (Endocrinol Metab 26:44-52, 2011)
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Table 1. Baseline characteristics of the DiCAN test group and the control

group
DiCAN test
Control grou Testgrou
nostd) et Pvale
Age (years) 58.08+11.5 585+119 0.532
Sex (M/F) (%) 49/51 45/55 0.041
Height (cm) 161.3+89 160.7+9.2 0.277
Weight (kg) 65.4+109 639+123 0.031
BMI (kg/m?) 25.1+34 247+36 0.047
Waist (cm) 89.1+82 88.6+9.1 0.378
Duration of diabetes (years) 8.8+6.6 87+717 0.769
Smoking (%) 23 23 1.000
Alcohol (%) 33 32 0.618
Insulin treatment (%) 28 42 <0.01
HbA1c (%) 7516 84+22 <0.01
Microalbuminuria (ug/mgcrea)  171.2+7572 25078910  0.095
Fasting plasma glucose (mg/dL)  141.1 +47.7 166.1+£682 <0.01
Fasting insulin (mU/mL) 11.4+104 116+12.8 0.799
hsCRP (mg/L) 1.97+7.17 1.94+367 0.938
Triglyceride (mg/dL) 1494+£1044  1522+936 0.624
LDL-C (mg/dL) 96.2+32.8 1029+£392 <001
HDL-C (mg/dL) 475+109 458+ 120 0.015
Total cholesterol (mg/dL) 1743 +40.0 179.3+43.2 0.037
AST (U/L) 276+16.5 28.1+198 0.593
ALT (UA) 282+187 283+19.1 0.896
v-GTP (U/L) 454 +936 524+90.8 0.195
SBP (mmHg) 1332174 1345+194 0218
DBP (mmHg) 789+97 79.4+105 0.411
Maximal baPWV (cm/sec) 1609 + 377 1659 + 365 0.021
Neuropathy (%) 54 74 <001
CVD (%) 5 6 0.272
Nephropathy (%) 30 3B 0.032

Data are mean + SD. Pvalue < 0.05 were considered significant. BMI, body
mass index; HbATc, hemoglobin Afc; hsCRP, high sensitive C-reactive protein;
LDL-C, low density lipoprotein cholesterol; HDL-C, high density lipoprotein cho-
lesterol; AST, aspartate transferase; ALT, alanine transferase; y-GTP, gamma-
glutamyltranspeptidase; SBP, systolic blood pressure; DBP, diastolic blood pres-
sure; baPWV, brachial-ankle pulse wave velocity; CVD, cardiovascular diseases.

DOI: 10.3803/EnM.2011.26.1.44



Relationships between CAN and the ba-PWV in Patients with Type 2 Diabetes

° 5008) A A L) ekl e, U
% A% A A FAbo] kel SR 6406, i ahul
At ol B 70, 2152 A el B 6, A%
AR AR B 0296 Table 2.
AEBA A8 A9F A4 ol AR 9 BAE

pul

oﬁ
Soqm e

Table 2. Baseline characteristics of the test group

A alpha lipoic acid X]& 591 2
A A, QEA] EIAT ZpekA], ﬂO}X}OlE o]k A, vet

Al Hdeka 4

Absence of CAN (n=209)  Presence of CAN (n = 256) Total (n = 465) Pvalue
Age (years) 55.9+120 60.4+£11.3 585+119 <0.01
Sex (M/F) (%) 47/53 43/57 45/55 0.329
Height (cm) 162.2+9.0 1595+92 160.7+£9.2 <0.01
Weight (kg) 653+125 628+119 639+123 0.034
BMI (kg/m?) 247+36 245+35 247+36 0.686
Waist (cm) 886+93 885+9.0 88.6+9.1 0.029
Duration of diabetes (years) 80+76 93+78 8.7+7.7 0.093
Smoking (%) 23 23 23 1.000
Alcohol (%) 33 31 32 0.543
Insulin treatment (%) 40 44 42 0.449
Statin treatment (%) 42 4 4 0.924
Antiplatelet agent treatment (%) 4 44 43 0.647
ACE inhibitor treatment (%) 10 12 1 0.658
ARB treatment (%) 38 45 42 0.215
B-blocker treatment (%) 1 17 15 0.110
CCB treatment (%) 21 29 26 0.085
a-lipoic acid treatment (%) 37 54 47 <0.01
HbA1c (%) 8424 8421 84+272 0.975
Microalbuminuria (ug/mg crea) 1399+577.9 336.7 +1066.3 250.7 +891.0 0.012
Fasting plasma glucose (mg/dL) 170.2 +69.3 163.8+67.4 166.1 +68.2 0.333
Fasting Insulin (mU/mL) 104+9.7 125+147 116+128 0.088
hsCRP (mg/L) 197 +367 191+3.68 194 +3.67 0.879
Triglyceride (mgy/dL) 145.1+836 158.0+100.7 152.2+936 0.146
LDL-C (mg/dL) 106.1 £35.1 100.3 £42.1 102.9+39.2 0.125
HDL-C (mg/dL) 470+118 448+121 458+ 120 0.055
Total cholesterol (mg/dL) 180.2 +40.3 178.6 +45.1 179.3+43.2 0.694
AST (U/L) 296230 27.0+£16.8 28.1+£198 0.022
ALT (U/L) 302+20.2 268+18.2 283+191 0.018
r-GTP (U/L) 490+686 55.1+105.0 524+908 0476
SBP (mmHg) 132.3+£17.3 136.0 £20.7 1345+£194 0.037
DBP (mmHg) 79.1+106 79.7+105 79.4+105 0.558
Maximal baP\WV (cm/sec) 1612 + 363 1698 + 387 1659 + 365 <0.01
Neuropathy (%) 69 79 74 0.015
Neuropathy symptoms (%) 57 69 64 <001
Monofilament test (%) 3 10 7 <0.01
Tuning fork test (%) 42 49 46 0.11
Ankle Jerk reflex (%) 04 02 0.439
CVD (%) 4 7 6 0.101
Nephropathy (%) 31 39 35 0.018

Data are mean + SD. Pvalue < 0.05 were considered significant. CAN, cardiovascular autonomic neuropathy; BMI, body mass index; ACE inhibitor, angiotensin con-
verting enzyme inhibitor; ARB, angiotensin Il receptor blocker; CCB, calcium channel blocker; HbA1c, hemoglobin Alc; hsCRP. high sensitive C-reactive protein; LDL-
C. low density lipoprotein cholesterol; HDL-C, high density lipoprotein cholesterol; AST, aspartate transferase; ALT, alanine transferase; y-GTP, gamma-glutamyl-

transpeptidase; SBP. systolic blood pressure; DBP. diastolic blood pressure; baPW\, brachial-ankle pulse wave velocity; CVD, cardiovascular diseases.
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Table 3. Correlation between maximal baPWV and other variable factors

Bae YP, et al.

Table 4. Correlation between DICAN score and other variable factors

Maximal baPWV Age-adjusted partial

DICAN score Age-adjusted partial

correlation correlation
r* Pvalue Bt Pvalue r* Pvalue Bt Pvalue

Age 0.538 <0.01 Age 0.231 <0.01

DiCAN score 0.212 <001 0.108 0.021 Height -0.140 <001 -0.021 0.648
Height -0.258 <001 0.039 0.411 Weight -0.098 0.034 -0.01 0812
Weight -0.268 <001 -0.066 0.163 SBP 0.130 <0.01 0.087 0.064
SBP 0.568 <001 0.580 <001 Maximal baPWV 0.212 <001 0.108 0.021
Microalbuminuria 0.185 <001 0.265 <001 Microalbuminuria 0.121 <001 0.142 <001
HDL-C -0.030 0.520 -0.051 0.317 HDL-C 0.118 0.012 0.119 0.020
Triglyceride -0.040 0.395 0.052 0.314 Triglyceride 0.092 0.052 0.11 0.031
AST -0.001 0975 0.047 0.363 AST -0.107 0.022 -0.095 0.063
ALT -0.095 0.043 0.018 0.725 ALT 0.1 0.018 -0.069 0.181
Duration of diabetes 0.326 <001 0.198 <001 Duration of diabetes 0.117 0.017 0.057 0.268
ARB treatment 0.122 <001 0.079 0.124 ARB treatment 0.122 <001 0.122 0.017
CCB treatment 0.196 <001 0.128 0.012 CCB treatment 0.11 0.017 0.085 0.097
[-blocker treatment 0.061 0.191 0.032 0.534 B-blocker treatment 0.129 <001 0.144 <001
Neuropathy 0.092 0.047 0.025 0.623 o-lipoic acid treatment ~ 0.146 <001 0123 <001
Pvalue < 0.05 were considered significant. Neuropathy 0142 <001 0.083 0.084
*Pearson’s and Spearman correlation coefficient; 'Standard coefficient. Neuropathy symptoms  0.094 0.042 0.076 0.102
baPWV, brachial-ankle pulse wave velocity; SBP, systolic blood pressure; HDL- ~ Monofilament test 0.113 0.014 0.110 0.018
C, high density lipoprotein cholesterol; AST, aspartate transferase; ALT, alanine  Tuning fork test 0.058 0214 0.049 0.291
transferase; ARB, angiotensin Il receptor blocker; CCB, calcium channel blocker;  Ankle Jerk reflex 0.054 0.242 0048 0.302

CVD, cardiovascular diseases.
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Fig. 1. Relationship between maximal brachial-ankle pulse wave velocity and
cardiovascular autonomic neuropathy score. There was significant positive cor-
relation between maximal pulse wave velocity and cardiovascular autonomic
neuropathy score (r=0.212, P<0.01).
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Pvalue < 0.05 were considered significant.

*Pearson’s and Spearman correlation coefficient; "Standard coefficient.

SBP. systolic blood pressure; baPWV, brachial-ankle pulse wave velocity; HDL-
C, high density lipoprotein cholesterol; AST, aspartate transferase; ALT, alanine
transferase; ARB, angiotensin Il receptor blocker; CCB, calcium channel blocker;
CVD, cardiovascular diseases.
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Table 5. Correlation between DiCAN score and maximal baPWV after adjust-
ing confounding variables
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Table 6. Multiple regression analysis of the relationship between DiCAN
score and maximal baPWV after adjusting variables

Confounding factor adjusted partial

Confounding variables correlation
r* Pvalue

Height 0.184 <0.01
Weight 0.193 <0.01
Duration of diabetes 0.195 <0.01
SBP 0.169 <0.01
ARB treatment 0.189 <0.01
CCB treatment 0.195 <0.01
[3-blocker treatment 0.210 <0.01
a-lipoic acid treatment 0.226 <001
Microalbuminuria 0.202 <0.01
Neuropathy 0.202 <0.01

Pvalue < 0.05 were considered significant.

*Pearson’s and Spearman correlation coefficient.

baPWV, brachial-ankle pulse wave velocity; SBP. systolic blood pressure; ARB,
angiotensin Il receptor blocker; CCB, calcium channel blocker.
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B* Pvalue
Model 1
Age, height, weight, sex 0.119 0.029
Model 2
SBP. ACE treatment, ARB treatment, CCB 0.186 0.001
treatment, B-blocker treatment
Model 3
Age, height, weight, neuropathy, o-lipoic acid 0.143 0.018
treatment
Model 4
SBP, height, weight, triglyceride, ALT, HDL 0.183 0.003
Model 5
Age, SBP 0.090 0.167
Pvalue < 0.05 were considered significant.
*Standard coefficient.

baPWV, brachial-ankle pulse wave velocity; SBP, systolic blood pressure; ACE,
inhibitor: angiotensin converting enzyme inhibitor; ARB, angiotensin Il receptor
blocker; CCB, calcium channel blocker; ALT, alanine transferase; HDL, high den-
sity lipoprotein.
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