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with Type 2 Diabetes Mellitus

Kyung Won Yun, Bo Hyun Kim, Young Pil Bae, Byeong Do Yi, Seung Woo Lee, Hong Kyu Lim, Yeon Sik Ryu,
Chang Won Lee

Department of Endocrinology and Metabolism, Busan St. Mary‘s Medical Center

Abstract
Background: Cardiovascular disease is the leading cause of mortality in type 2 diabetes. PWV correlates well
with arterial distensibility and stiffness and a useful approach for evaluating the severity of systemic
atherosclerosis in adults, and, in particular, the measurement of brachial-ankle PWV (baPWYV) has been
commonly reported as a simple, noninvasive and practicable method. baPWV was mainly affected by age,
SBP and sex. And also, baPWV was affected by many different factors such as body weight, BMI, waist to
hip ratio, HbAlc, microalbuminuria, triglyceride, YGTP, duration of DM. We evaluated determinants of
1-year changes of baPWV in patients with type 2 DM.

Methods: The study group comprised 189 diabetic patients who measured ankle brachial pressure index
(ABI), baPWYV at base line and 1-year later. The anthropometric parameters, blood pressure, pulse pressure,
fasting plasma glucose (FBS), fasting insulin, Alc, lipid profile, hsCRP, microalbuminuria, AST/ALT, YGTP
were also checked concurrently. We also analyzed correlation between change of baPWV and subject’s
medications. We retrospectively analyzed the relationship between the 1-year changes of baPWV and the
other factors. All analyses were performed with the SPSS Version 14.0 and P values < 0.05 were considered
significant.

Results: baPWV change was affected by systolic blood pressure change, diastolic blood pressure change,
pulse pressure change, body weight, BMI, triglyceride change, insulin treatment and total cholesterol.
Multiple regression analysis of the relationship between change of baPWV and other associated variables
shows that the 1-year change of baPWV was significantly associated with the changes of blood pressure and
insulin treatment in patients with type 2 DM.

Conclusion: 1-year change of baPWV was significantly associated with the changes of blood pressure in
patients with type 2 DM. (KOREAN DIABETES J 32:346-357, 2008)
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Table 1. Baseline characteristics of the study subjects

Total (n = 189) Men (n = 87) Women (n = 102) P
Age (years) 554 + 10.1 534 + 9.8 572 + 10.1 0.008
Height (cm) 162.6 + 8.5 168.4 + 5.8 157.6 = 7.1 < 0.001
Weight (kg) 644 £ 9.6 68.5 + 9.7 60.9 = 8.2 < 0.001
BMI (kg/m®) 242 £ 25 24.1 £ 2.8 244 £ 23 0.512
Waist circumference (cm) 874 £ 85 89.1 + 8.2 859 + 8.5 0.009
Smoking (%) 222 42.5 49 < 0.001
Alcohol (%) 28.6 535 7.8 < 0.001
Duration of DM (years) 85 56 7.8 £ 5.1 89 = 6.0 0.172
Systolic blood pressure (mmHg) 1334 + 16.7 1325 + 14.1 1341 + 18.7 0.502
Diastolic blood pressure (mmHg) 79.4 + 9.8 814 + 84 77.8 £ 10.7 0.009
Pulse pressure (mmHg) 539 + 115 519 + 9.8 55.6 = 12.7 0.025
ABLRt 1.1 £ 0.1 1.1 £ 0.1 1.1 £ 0.1 0.532
ABILLt 1.1 £ 0.1 1.1 £ 0.1 1.1 + 0.1 0.268
baPWV, Rt (cm/sec) 1594.1 + 288.6 1546.7 + 266.3 1634.6 + 301.7 0.035
baPWV, Lt (cm/sec) 1600.2 + 305.8 1552.3 + 279.9 1641.0 + 322.1 0.044
Maximal baPWV (cm/sec) 1623.8 + 304.4 15772 + 277.7 1663.6 + 321.5 0.049
HbAlc (%) 7.50 + 1.33 7.60 + 1.41 7.42 + 1.26 0.355
Total cholesterol (mg/dL) 176.2 £ 36.9 178.6 + 39.6 1742 £ 34.6 0.421
LDL (mg/dL) 102.8 + 30.6 104.6 + 28.3 101.2 + 325 0.443
HDL (mg/dL) 51.7 + 255 493 + 114 53.7 £ 329 0.219
Triglyceride (mg/dL) 137.0 + 73.1 1434 + 740 1315 £ 723 0.267
Fasting plasma glucose (mg/dL) 153.7 £ 54.9 157.7 = 58.6 150.2 = 51.6 0.352
Fasting insulin (mU/mL) 6.6 + 6.1 62 + 49 69 + 69 0.403
HOMA-IR 26 + 2.8 2.6 £ 27 26 £29 0.886
hsCRP (mg/L) 1.872 + 7.925 1.207 + 1.457 2.439 + 10.695 0.252
Microalbuminuria (g/mg crea) 22.0 + 954 319 + 1353 13.6 + 349 0.223
AST (U/L) 229 + 94 242 + 11.8 21.8 £ 6.7 0.098
ALT (U/L) 22.8 + 12.8 253 + 139 206 + 114 0.013
YGTP (U/L) 40.3 + 54.3 57.0 £ 67.9 26.1 + 334 < 0.001
Insulin treatment (%) 23.8 24.1 235 0.923
Thiazolidinedione (%) 17.5 14.9 19.8 0.381
Statin (%) 69.8 70.1 69.6 0.940
Anti-PLT agent (%) 54.0 50.6 56.9 0.390
ACE inhibitor (%) 16 15 17 0.747
Angiotensin receptor blocker (%) 22 23 22 0.817
Thiazide (%) 15 10 20 0.073
[-blocke (%) 7 8 7 0.760
CCB (%) 17 15 20 0.398
HTN medication (%) 49 48 50 0.814

Data are mean + SD. P value < 0.05 were considered significant. BMI, body mass index; DM, diabetes mellitus; ABI,
ankle brachial index; baPWV, brachial-ankle pulse wave velocity; Rt, right; Lt, left; HbAlc, hemoglobin Alc; LDL, low
density lipoprotein; HDL, high density lipoprotein, HOMA-IR, homeostasis model assessment of insulin resistance;
hsCRP, high sensitive C-reactive protein; AST, aspartate aminotransferase; ALT, alanine aminotransferase; YGTP, gamma
glutamyltransferase; PLT, platelet; ACE, angiotensin converting enzyme; CCB, calcium channel blocker; HTN,

hypertension.
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Table 2. Characteristics of the study subjects after 1 year

Tota (n = 189) Men (n = 87) Women (n = 102) P
Systolic blood pressure (mmHg) 1333 + 15.7 1309 + 13.1 1354 + 17.4 0.047
Diastolic blood pressure (mmHg) 80.3 + 9.3 81.1 + 9.3 79.6 £ 9.3 0.259
Pulse pressure (mmHg) 529 + 134 513 £ 119 544 + 144 0.106
ABLRt 1.1 £ 0.1 1.1 £ 0.1 1.1 £ 0.1 0.109
ABILLt 1.1 £ 0.1 1.1 £ 0.1 1.1 + 0.1 0.624
baPWV, Rt (cm/sec) 1560.2 + 283.8 1512.9 * 260.1 1600.7 + 297.9 0.032
baPWV, Lt (cm/sec) 1560.0 + 293.1 1499.1 + 264.1 1611.9 + 307.6 0.007
Maximal baPWV (cm/sec) 1584.4 + 296.5 15299 + 2729 1630.9 + 308.9 0.018
HbAlc (%) 7.15 £ 1.22 722 £ 142 7.10 £ 1.01 0.533
Total cholesterol (mg/dL) 162.5 + 342 160.6 + 34.1 1642 + 34.4 0.465
LDL (mg/dL) 90.6 + 30.9 89.7 + 322 91.3 = 30.1 0.741
HDL (mg/dL) 522 + 11.7 515 + 122 529 + 113 0413
Triglyceride (mg/dL) 1272 + 82.3 139.4 + 94.3 1169 + 69.4 0.068
Fasting plasma glucose (mg/dL) 1439 + 535 150.8 + 61.6 1379 = 449 0.107
Fasting insulin (mU/mL) 8.8 + 11.7 9.1 £ 142 8.5 £ 9.1 0.718
HOMA-IR 31 + 4.0 35 £ 49 29 £ 3.1 0.291
hsCRP (mg/L) 2217 + 12.185 3231 + 17.455 1.343 + 3.737 0.325
Microalbuminuria (g/mg crea) 79.2 + 416.4 79.7 + 330.7 78.7 + 479.7 0.987
AST (U/L) 235 + 9.0 253 + 114 220 + 59 0.016
ALT (U/L) 25.6 + 244 30.8 £ 339 212 + 8.6 0.012
YGTP (U/L) 39.1 £ 60.9 59.5 £ 83.7 21.5 £ 15.1 < 0.001

Data are mean + SD. P value < 0.05 were considered significant. ABI, ankle brachial index; baPWV, brachial-ankle pulse
wave velocity; Rt, right; Lt, left; HbAlc, hemoglobin Alc; LDL, low density lipoprotein, HDL, high density lipoprotein;
HOMA-IR, homeostasis model assessment of insulin resistance; hsCRP, high sensitive C-reactive protein; AST, aspartate
aminotransferase; ALT, alanine aminotransferase; YGTP, gamma glutamyltransferase.

Table 3. Baseline and 1 year later characteristics of the study subjects

Base line 1 year later Difference P
Systolic blood pressure (mmHg) 1334 + 16.7 133.3 + 15.7 -0.1 + 172 0.963
Diastolic blood pressure (mmHg) 794 £ 9.8 80.3 £ 93 09 £ 11.1 0.288
Pulse pressure (mmHg) 539 + 115 529 + 134 09 + 12.0 0.565
ABI, Rt 1.1 £ 0.1 1.1 £ 0.1 0.01 + 0.08 0314
ABI, Lt 1.1 £ 0.1 1.1 £ 0.1 0.02 + 0.09 0.004
baPWV, Rt (cm/sec) 1594.1 + 288.6 1560.2 + 283.8 -33.9 £ 1929 0.017
baPWV, Lt (cm/sec) 1600.2 + 305.8 1560.0 + 293.1 -40.2 £ 201.5 0.007
Maximal baPWV (cm/sec) 1623.8 + 304.4 1584.4 + 296.5 -38.6 £ 198.6 0.007
HbAlc (%) 7.50 + 1.33 7.15 £ 1.22 -0.35 £ 1.39 0.001
Total cholesterol (mg/dL) 176.2 + 36.9 162.5 £ 342 -13.7 £ 40.4 < 0.001
LDL (mg/dL) 102.8 + 30.6 90.6 + 30.9 -122 £ 352 < 0.001
HDL (mg/dL) 51.7 £ 255 522 + 11.7 0.6 + 254 0.768
Triglyceride (mg/dL) 137.0 + 73.1 1272 + 823 -9.8 + 80.6 0.098
Fasting plasma glucose (mg/dL) 153.7 £ 54.9 1439 + 535 9.8 £ 421 0.002
Fasting insulin (mU/mL) 6.6 + 6.1 8.8 + 11.7 22+ 92 0.001
HOMA-IR 26 =28 31 = 4.0 06+ 29 0.009
hsCRP (mg/L) 1.872 + 7.925 2217 + 12.185 0.333 + 14.257 0.748
Microalbuminuria (ug/mg crea) 220 + 954 792 + 416.4 56.7 + 356.3 0.030
AST (U/L) 229 + 94 23.5 £ 9.0 05 + 9.6 0.419
ALT (U/L) 228 + 12.8 256 + 244 27 + 238 0.106
YGTP (U/L) 403 + 54.3 39.1 + 60.9 -14 + 519 0.733

Data are mean + SD. p value < 0.05 were considered significant. ABI, ankle brachial index; baPWV, brachial-ankle pulse
wave velocity; Rt, right; Lt, left; HbAlc, hemoglobin Alc; LDL, low density lipoprotein; HDL, high density lipoprotein;
HOMA-IR, homeostasis model assessment of insulin resistance; hsCRP, high sensitive C-reactive protein; AST, aspartate
aminotransferase; ALT, alanine aminotransferase; YGTP, gamma glutamyltransferase.
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Table 4. Correlation between maximal baPWYV difference and baseline characteristics

Riol 1 £ AN NPUSSY HISE s S F

Correlation coefficient (r) P value
Age -0.037 0.618
Sex 0.037 0.616
Height 0.033 0.651
Weight 0.158 0.03
BMI 0.164 0.024
Waist circumference 0.066 0.366
Smoking 0.033 0.651
Alcohol 0.033 0.652
Duration of DM 0.115 0.115
Insulin treatment 0.276 0.001
Thiazolidinedione -0.042 0.571
Statin -0.085 0.245
Anti-PLT agent 0.027 0.714
ACE inhibitor -0.031 0.671
Angiotensin receptor blocker -0.004 0.956
Thiazide 0.120 0.099
[-blocker -0.002 0.974
CCB 0.001 0.985
HTN medication 0.021 0.777
Total cholesterol -0.157 0.031

P value < 0.05 were considered significant. BMI, body mass index; DM, diabetes mellitus; PLT, platelet; ACE,
angiotensin converting enzyme; CCB, calcium channel blocker; HTN, hypertension.

Table 5. Correlation between maximal baPWV difference and variable factor

Correlation coefficient (r) P value
SBP difference 0.636 < 0.001
DBP difference 0.585 < 0.001
Pulse pressure difference 0.260 < 0.001
ABI difference,Rt 0.000 0.996
ABI difference,Lt 0.020 0.787
HbAlc difference 0.081 0.265
Total cholesterol difference 0.101 0.166
LDL difference 0.093 0.202
HDL difference 0.063 0.390
Triglyceride difference 0.186 0.010
Fasting plasma glucose difference -0.034 0.638
Fasting insulin difference 0.139 0.056
HOMA-IR difference 0.033 0.652
hsCRP difference -0.052 0.481
Microalbuminuria difference 0.069 0.343
AST difference 0.130 0.075
ALT difference 0.010 0.893
YGTP difference 0.109 0.135

P value < 0.05 were considered significant. SBP, Systolic blood pressure; DBP, Diastolic blood pressure; ABI, ankle
brachial index; baPWYV, brachial-ankle pulse wave velocity; Rt, right; Lt, left; HbAlc, hemoglobin Alc; LDL, low density
lipoprotein; HDL, high density lipoprotein, HOMA-IR, homeostasis model assessment of insulin resistance; hsCRP, high
sensitive C-reactive protein; AST,

glutamyltransferase.

aspartate aminotransferase; ALT, alanine aminotransferase;
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Table 6. Correlation between maximal baPWV difference and baseline characteristics in the baPWV improving
group and worsening group

Improving group (n = 108) Worsening group (n = 81)

Correlation coefficient (r) P value Correlation coefficient (r) P value
Age -0.281 0.003 0.363 < 0.001
Sex -0.110 0.259 0.034 0.761
Height 0.143 0.141 -0.193 0.084
Weight 0.273 0.004 -0.026 0.821
BMI 0.228 0.017 0.116 0.301
Waist circumference -0.016 0.865 0.303 0.006
Smoking 0.103 0.287 0.186 0.097
Alcohol 0.087 0.374 0.119 0.288
Duration of DM -0.215 0.025 0.332 0.002
Insulin treatment -0.050 0.609 -0.106 0.349
thiazolidinedione -0.219 0.023 0.315 0.004
statin -0.184 0.056 0.074 0.513
Anti-PLT agent -0.109 0.261 0.249 0.025
ACE inhibitor -0.064 0.511 0.292 0.008
Angiotensin receptor blocker -0.229 0.017 0.213 0.056
Thiazide -0.209 0.030 0.137 0.223
[S-blocker -0.074 0.447 0.142 0.205
CCB -0.121 0.212 0.297 0.007
HTN medication -0.280 0.003 0.241 0.030
Total cholesterol -0.030 0.761 -0.253 0.023

P value < 0.05 were considered significant. BMI, body mass index; DM, diabetes mellitus; PLT, platelet; ACE,
angiotensin converting enzyme; CCB, calcium channel blocker; HTN, hypertension.

Table 7. Correlation between maximal baPWYV difference and variable factors in the baPWV improving group and
worsening group

Improving group (n = 108) Worsening group (n = 81)

Correlation coefficient (r) P value Correlation coefficient (r) P value
SBP difference 0.495 < 0.001 0.488 < 0.001
DBP difference 0.557 < 0.001 0.206 0.065
Pulse pressure difference 0.492 < 0.001 0.416 < 0.001
ABI difference,Rt 0.200 0.038 -0.051 0.649
ABI difference,Lt 0.184 0.057 -0.073 0.517
HbAlc difference -0.131 0.176 0.143 0.201
Total cholesterol difference -0.160 0.098 0.009 0.933
LDL difference -0.156 0.107 0.019 0.865
HDL difference -0.057 0.558 0.076 0.502
Triglyceride difference 0.224 0.020 0.035 0.757
Fasting plasma glucose difference -0.171 0.077 0.005 0.965
Fasting insulin difference 0.010 0.917 0.025 0.824
HOMA-IR difference -0.146 0.132 0.015 0.892
hsCRP difference 0.063 0518 -0.057 0.613
Microalbuminuria difference -0.213 0.027 0.108 0.339
AST difference 0.106 0.276 -0.189 0.093
ALT difference 0.060 0.539 -0.107 0.345
YGTP difference 0.010 0916 -0.206 0.067

P value < 0.05 were considered significant. SBP, Systolic blood pressure; DBP, Diastolic blood pressure; ABI, ankle
brachial index; baPWV, brachial-ankle pulse wave velocity; Rt, right; Lt, left; HbAlc, hemoglobin Alc; LDL, low
density lipoprotein; HDL, high density lipoprotein; HOMA-IR, homeostasis model assessment of insulin resistance;
hsCRP, high sensitive C-reactive protein; AST, aspartate aminotransferase; ALT, alanine aminotransferase; YGTP, gamma
glutamyltransferase.
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+ 95.40l14 79.2 + 416.4 ug/mg crea® 37} 319} &
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FoheAUIRIFS-S HrkE 2JolE HolA] Slgke} (Table 3.
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Heloit, vel, A4, 7, selsdiehs d42dAlrt 3igick
el A5 ARAPE ARANE, ElolEe|tolvlt&
Al, 2BFA, FEAA] Bl QIR el E A o AA,
AL XA, Elofrio]| = o]xeAl, WERREHA, Zxt
A, sk oA 58 fF S ARAE gigick =
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o} (Table 4).

TZ7] Fst iz}, olgky] Wsh Wz}, wish wzle} fo
3 AWPAIE HAek sARE 295 Rk A sk
= AIAIE HolFA] Jeigick S4AM walele
o3t ARAPE oy, JdetdAA Wizl F FalElE
w3k, AR el ZelelE ws), rdEA e S
HE w3k S5dE Wl 5wl W), dEdAdA
#3k, hsCRP Hi8}, wAl] ©hilys w8}, of 2 slepzlit ofu) e
Holia Wik bl opn|i=e]dar W) FhHropeAl

Table 8. Multiple regression analysis of the relationship between change of maximal baPWV and other associated variables.

Regression Standardized
.. Standard error .. t value P value

coefficient coefficient (f)
Weight 1.779 1.637 0.086 1.087 0.279
BMI 1.852 6.159 0.024 0.301 0.764
SBP difference 7.116 0.689 0.615 10.336 < 0.001
Triglyceride difference -0.028 0.151 -0.011 -0.184 0.854
Insulin treatment 66.864 26.511 0.144 2.522 0.013
Total cholesterol -0.070 0.299 -0.014 -0.235 0.814

P value < 0.05 were considered significant. BMI, body mass index; SBP, Systolic blood pressure.

Table 9. Multiple regression analysis of the relationship between change of maximal baPWV and other associated variables.

Regression Standardized
L. Standard error .. t value P value

coefficient coefficient (f)
Weight 0.710 1.736 0.034 0.409 0.683
BMI 7.574 6.474 0.097 1.170 0.244
DBP difference 9.698 1.115 0.543 8.695 < 0.001
Triglyceride difference 0.090 0.158 0.037 0.571 0.569
Insulin treatment 33.515 28.665 0.072 1.169 0.244
Total cholesterol 0.253 0.314 0.051 0.804 0.423

P value < 0.05 were considered significant. BMI, body mass index; DBP, Diastolic blood pressure.
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ol= o] d

3. baPWV 3|0} AFREEA|T} Xlefo| oizt

upheE MElE F4SE S 4RO A
Slel7} gk QAFETRe 2 hERAIRAS G A, 5
7] He} W3, olgky] Hsk Wb felelAl Aol 9)

g, Qlgel AE7k ol AE B &+ gslork
FAAY W, T, ARRAT, F FeiEB i

o] gigich (Table 8, 9) (Fig. 1).
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change of maximal baPWV and change of SBP. There was significant positive correlation
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