ORIGINAL ARTICLE

Korean J Intern Med 2013;28:464-474

http://dx.doi.org/10.3904/kjim.2013.28.4.464

-
KJIM'

Accelerated progression of arterial stiffness in
dialysis patients compared with the general

population

Petar Avramovski’, Pavlina Janakievska', Kosta Sotiroski’, and Aleksandar Sikole’

'Department of Internal Medicine
and Hemodialysis, JZU Clinical
Hospital “Dr Trifun Panovski,”
Bitola; *Department of Statistics,
Faculty of Economics, University
“St Kliment Ohridski”, Prilep;
*University Clinic of Nephrology,
University “Ss. Cyril and
Methodius”, Medical Faculty,
Skopje, Republic of Macedonia

Received: January 22, 2013
Revised : February 19, 2013
Accepted: May 13, 2013

Correspondence to

Petar Avramovski, M.D.
Department of Internal Medicine
and Hemodialysis, JZU Clinical
Hospital “Dr Trifun Panovski,”
Partizanska b.b., Bitola 7000, Re-
public of Macedonia

Tel: +389-47-243-382

Fax: +389-47-253-435

E-mail: avramovski@gmail.com

Background/Aims: The aim of this study was to compare the progression of aor-
tic stiffness in chronic hemodialysis patients (CHP) with that of general popula-
tion patients (GPP) over a 36-month period and to evaluate the determinants of
this progression.

Methods: The study group included 8o patients undergoing hemodialysis (aged
59.3 = 11.8 years; duration of dialysis 5.47 £ 5.16 years). The control group consisted
of 6o patients (aged 57.5 + 10.9 years) with a glomerular filtration rate of > 60 mL/
min/1.73 m’. Pulse wave velocity (PWV) was determined from time diversity prop-
agation of the common carotid artery and femoral artery by Doppler ultrasound.
Clinical and biochemical parameters were determined in serum using standard
laboratory procedures.

Results: The mean PWYV values at baseline and 36 months were 11.18 + 2.29 and
11.82 + 2.34 m/sec in the CHP group, and 9.02 + 1.89 and 9.29 + 1.93 m/sec in the
GPP group, respectively. The average PWV progressions were 63.95 + 18.373 cm/
sec in CHP and 27.28 + 28.519 cm/sec in GPP. By multiple regression analysis,
hemoglobin (standardized coefficient p [Bst] = -0.405, p = 0.004; Bst = -0.364, p =
o0.011), albumin (Bst = -0.349, p = 0.042; Pst = -0.303, p = 0.034), CRP (Bst = 0.458, p =
0.002; Bst = 0.187, p = 0.008), and total cholesterol (Bst = 0.236, p = 0.038; pst = 0.171,
p = 0.078) were independently associated with PWV in the CHP and GPP groups,
respectively.

Conclusions: Accelerated arterial stiffness was more pronounced in the CHP
group than in the GPP group. The independent determinants of this progression
in both groups include traditional risk factors and blood levels of hemoglobin,
albumin and CRP. Cholesterol and uremia-related factors are determinants only
in CHP.
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INTRODUCTION

Arterial stiffness describes the reduced capability of an
artery to expand and contract in response to pressure
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changes. Parameters that describe vessel stiffness in-
clude compliance and distensibility. The consequence
of reduced compliance/distensibility is an increased
propagation velocity of the pressure pulse along the ar-
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terial tree, called pulse wave velocity (PWV). PWV is in-
versely correlated with arterial distensibility and rela-
tive arterial compliance [1].

Increased central arterial stiffening is a hallmark of
the aging process and the consequence of many disease
states, such diabetes, atherosclerosis, and chronic renal
compromise. The most consistent and well-reported
changes are luminal enlargement with wall thickening
(remodeling) and reduction of elastic properties (stiff-
ening) at the level of large elastic arteries, namely arte-
riosclerosis [2]. Arteriosclerosis refers to reduced arte-
rial compliance due to increased fibrosis, loss of’
elasticity, and vessel wall calcification affecting the me-
dia of large and middle-sized arteries. In dialysis pa-
tients, both atherosclerosis (affecting mainly the inti-
ma of the arteries) and arteriosclerosis (affecting
predominantly the media of large and middle-sized
arteries diffusely) are prominent [3]. Increasingly, arte-
rial stiffness is recognized as an important component
in the determination of cardiovascular (CV) risk, par-
ticularly among chronic kidney disease (CKD) and end
stage renal disease (ESRD) populations [4].

Arteriosclerosis characterized by reduced arterial
compliance (i.e., reduced elasticity of the arteries)is due
to increased fibrosis, loss of elastic fibers, and extensive
vessel wall calcification. Mechanically, increased arte-
rial stiffness increases systolic pressure because the re-
flected waves are prematurely returned in late systole.
The PWV and left ventricular afterload increase, there-
by altering coronary perfusion. Arteriosclerosis is
closely related to arterial stiffness. Currently, several
noninvasive methods are used to assess vascular stiff-
ness. PWV and the augmentation index are the two
major noninvasive methods of assessing arterial stiff-
ness [5]. PWV reflects the elasticity of the segmental ar-
tery. Cardiac contraction generates a pulse wave, which
is propagated distally to the extremities. Increased ar-
terial stiffness results in an increased speed of the
pulse wave in the artery. PWV is calculated as the dis-
tance traveled by the pulse wave divided by the time
taken to travel the distance [6]. PWV can be measured
in any arterial segment between two regions. Carot-
id-femoral PWV is considered to be the gold standard
for assessing central arterial stiffness, and is an inde-
pendent predictor of CV mortality and morbidity in el-
derly and ESRD subjects, as well as in the general pop-
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ulation [7]. PWV as measured in this study represents
the velocity of the pulse wave transit from the common
carotid artery (CCA; equivalent to the aortic arch) to the
femoral artery (FA). Thus, it is a measure of stiffness of
the aorta, an elastic artery with muscular contributions
to its compliance [8].

The aim of this study was to compare the progression
of aortic stiffness in chronic hemodialysis patients
(CHPs) with that of general population patients (GPPs)
over a 36-month period and to evaluate the determi-
nants of this progression.

METHODS

Patients

The study group included 8o patients undergoing he-
modialysis (53 males and 27 females, aged 59.3 + 11.8
years, mean body mass index [BMI] 23.4 + 3.6 kg/m®).
Twenty patients were smokers, 16 were diabetics and 37
were hypertensive. The mean duration of dialysis was
5.47 + 5.16 years. All subjects were on dialysis therapy
for at least 3 months. We used data from patients who
maintained an unchanged medication and dialysis
membrane for 3 years for the final analysis. Twen-
ty-three patients on dialysis who died during the
36-month period of examination were excluded. The
patients had been on regular hemodialysis for 4 to 5
hours each time, three times per week at a blood flow
rate of 180 to 200 mL/min via their arteriovenous fistu-
las. A bicarbonate dialysate was used at flow rate of 500
mL/min in each patient.

The control group consisted of 6o patients from the
general population. The number of participants re-
cruited from ambulatory patients was equal to their
proportion in the general population according to pre-
defined criteria: age, gender, smoking, diabetes, and
hypertension compared with those of patients in the
study group. The group consisted of 36 males and 24 fe-
males aged 57.5 + 10.9 years, their mean BMI was 27.8 +
4.41 kg/m®. Eighteen patients were smokers, 12 were di-
abetics, and 24 were hypertensive. The exclusion crite-
rion was a reduced glomerular filtration rate (< 60 mL/
min/1.73 m’) estimated by the modification of diet in
renal disease formula. During the follow-up period,
four deaths were recorded in these 6o patients and two
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patients refused further examinations. Finally, 54 pa-
tients (33 males and 21 females) completed the study.

No patients had an acute infection, congestive heart
failure, or a malignancy at entry into study. All partici-
pants signed an informed consent and the study was
approved by the Ethics Committee of our institution.

Assessment

The study group is referred to as the CHP group and
the control group as the GPP group. In both groups, we
conducted aortic PWV at the beginning of the study
(baseline) and after 36 months.

PWYV measurements were taken under the same con-
ditions during both examinations, in supine position
after resting for at least 10 minutes, including a con-
stant room temperature of 19°C to 21°C. The PWV in
CHP was measured after a dialysis session, because in-
terdialytic weight gain is associated with increased
aortic PWV. Two Doppler waves were recorded transcu-
taneously at the base of the neck for the right CCA and
over the right FA [9]. The examination began with the
patient in a supine position after locating the CCA with
B-mode at the supraclavicular level (1 to 2 cm of the bi-
furcation). Although it is not possible to analyze the ca-
rotid and femoral waves simultaneously, they can be
normalized separately with the electrocardiogram
(ECG) getting. We used a pulsed-Doppler ultrasound
with a linear array 7.5 MHz probe (Toshiba SSA-340A,
Toshiba Medical System Co., Tokyo, Japan) synchro-
nized with ECG. We then identified the wave Doppler
flow simultaneously with ECG. The process was repeat-
ed on the common FA in the groin. We performed three
recordings of the CCA and three recordings of the FA
in the groin [10]. Each recording involved two or three
cardiac cycles. PWV was determined as the foot to foot
velocity. The distance traveled by the pulse wave was
measured over the body surface as the distance be-
tween the two recording sites. The distance was as-
sessed using a tape measure located at the same place as
the ultrasound probe, with two dimensional guidance
to localize the exact position of the analyzed arterial
site. Aortic PWV was calculated as the ratio of distance
to transit time (T'T). To determine the T'T, we measured
the time from the R wave of three graphical deflections
seen on typical ECG: Q wave, R wave and S wave which
occur in rapid succession (QRS) complex to the foot of
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the waveform using digital calipers. Six heart rate mea-
surements were taken and the average was calculated.
To determine the velocity, we used the distance (D)
measured from the sternal notch to the FA at the groin.
The measurement of carotid-femoral PWV was made
by dividing the D by the so-called T'T. Hence, PWW =D
(meters)/Dt (seconds) [11]. APWV was defined as PWV2
measured at 36-month follow-up minus PWV1 mea-
sured at baseline. A positive APWYV indicated progres-
sion of PWV.

Original snapshot images of ECG, CCA, and FA flow
specter are presented in Fig. 1. The time diversity of’
their electric and Doppler signals is shown.

TT was estimated by the foot to foot method. The
foot of the wave is defined at the end of diastole, when
the steep rise of the waveform begins. The TT is the
time of travel for the foot of the wave over a known dis-
tance.

Clinical and biochemical parameters (urea, creati-
nine, hemoglobin, albumin, C-reactive protein [CRP],
cholesterol, low density lipoprotein cholesterol [LDL-C],

Figure 1. Pulse wave velocity determination. ECG, electro-
cardiography; CCA, common carotid artery; FA, femoral
artery; AT, transit time; D, carotid-femoral distance.

http://dx.doi.org/10.3904/kjim.2013.28.4.464



Avramovski P, et al. Progression of arterial stiffness

high density lipoprotein cholesterol [HDL-C], tri-
glycerides, calcium, and plasma glucose) were deter-
mined in all participants using standard laboratory
procedures, performed on a Cobas Mira S Analyzer
(Roche Diagnostics, Holliston, MA, USA). Blood was
drawn immediately before the start of a dialysis session
in a fasting state. Mean values obtained from three
measurements during the 3 months before PWV mea-
surements were used in the analysis.

Statistical analysis

The data were analyzed using SPSS version 20.0 (IBM
Co., Armonk, NY, USA). Mean initial values of the main
variables were compared using Student ¢ test. Student
paired t test was used to compare differences between
the first (baseline) and second (36 months) visits. Stu-
dent test for unpaired data was used to compare the
GPP and CHP groups. Pearson’s correlations were cal-
culated to explore the relationships between PWV and
other variables, as appropriate. Multiple regression
analysis was performed to determine the relationship
between PWV to control the influence of laboratory
markers. All tests were two-sided. A value of p < 0.05 was
considered to indicate statistical significance.

Table 1. Demographic characteristics of the patients studied

KJIM™

RESULTS

During the 3-year period from December 2009 to De-
cember 2012, PWV measurements and other demo-
graphic and laboratory examinations were successfully
conducted for two groups (GPP and CHP) in a total of
140 subjects at baseline and 111 subjects after 36
months. The numerical differences in the demograph-
ic composition of both groups between baseline and 36
months were due to deaths: 23 patients on dialysis and
six in the general population group, resulting in a final
analysis of 57 patients in the CHP group and 54 in the
GPP group.

The demographics and clinical characteristics of the
patients studied are presented in Table 1. Patients from
both groups were predominantly male (66.2% in CHP,
60% in GPP). The lower height, weight and BMI index
in dialysis patients than in those in the GPP (constitu-
tional characteristic of dialysis patients) resulted in
significant differences (p=0.035, p<0.001,and p<o0.001,
respectively) between groups. Other characteristics of
both groups were also assessed; there were no statisti-
cally significant differences among them.

The mean aortic PWVs were: PWV1 =11.18 + 2.29 m/
sec (baseline) and PWV2 =11.82 + 2.34 m/sec (36 months)
in the CHP group, and PWV1 = 9.02 + 1.89 m/sec and
PWV2 =9.29 +1.93 m/sec in the GPP group. The average

Baseline After 36 mon
Characteristic CHPs group GPPs group pvalue CHPs group GPPs group pvalue
(n=280) (n=60) (n=57) (n=54)

Gender, male 53 (66.2) 36 (60.0) 0.481 40 (70.2) 33 (61.1) 0.241
Age, yr 50.3 +11.8 57.5 +10.9 0.357 50.7 £11.9 50.8 £11.1 0.963
Height, cm 1623+ 8.9 165.7+9.9 0.035 165.8 £ 9.13 1683+9.8 0.167
Weight, kg 63.5 £11.9 78.1 £16.0 <0.001 65.7 +£12.6 80.2+15.9 < 0.001
BML, kg/m® 23.4 3.6 27.8+4.4 <0.001 23.8 3.6 28.2+4.2 < 0.001
Hypertension 37 (46.2) 24 (40) 0.464 25 (43.8) 20 (37.0) 0.562
Diabetes 16 (20) 12 (20) 1.000 10 (17.5) 8(14.8) 0.799
Smokers 20 (25) 18 (30) 0.513 17(29.8) 17 (31.4) 1
HD duration, yr 5.47 £5.16 - - 87+55 - -

Values are presented as mean + SD or number (%).

CHP, chronic hemodialysis patient; GPP, general population patient; BMI, body mass index; HD, hemodialysis.
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aortic PWV progression in the CHP group (APW V)
was 63.95 +18.373 cm/sec (5.72%) during the investigated
period of 36 months, or 1.78 + 0.510 cm/sec per month.
The average aortic PWV progression in the GPP group
(APWVGPP) for the same period was 27.28 + 28.519
(2.99%) or 0.75 + 0.792 cm/sec per month.

There was no regional heterogeneity (p = 0.2056) in
APWYV progression (APVW1 and APVW2) with advanc-
ingage in GPP: PWV,, i, =7.20 £ 1.03 m/sec and PWV,,
mon = 7-44 = 1.06 m/sec with the average PWV progres-
sion APVW1 = 28.06 + 12.67 cm/sec during 36 months
(in individuals aged < 50 years, mean age 44.5 + 4.04
years) and PW Vi = 9.81 + 1.6 m/sec and PWV,
10.11 * 1.65 m/sec with the average PWV progression

6 mon

APVW, =32.35 + 0.105 cm/sec during 36 months, which
was evident in individuals aged > 50 years (mean age,
62.24 + 8.58 years).

The mean PWV in CHP aged equal to or less than 50
years at baseline was 9.90 + 2.41 m/sec versus 7.20 +1.03
m/sec in the GPP group with same age and estimate pe-
riod. The APWYV in relatively young subjects in the
CHP group was 55.4 + 18.2 cm/sec versus 28.06 + 12.67
cm/sec in the GPP after 36 months (p < 0.001).

There was no statistical significance to our finding of
a sex-related difference in the stiffening progression of
aorta in the CHP group (p = 0.1698). In the GPP group,
the progression of PWV was expressed more in females
(30.4 + 12.8 cm/sec for the 36-month period, mean age
57.0 years) than in males (23.5 + 8.12 cm/sec in the same
period, mean age 56.8 years)(p=0.001).

Comparison of PWV values between baseline and
first-point estimation within the CHP and GPP groups
(mean difference, ¢ test, and two-tailed probability p) is
presented in Fig. 2.

There was a pronounced progression of PWV in CHP
during the 36-month period (mean difference 0.639 +
0.183 m/sec, p < 0.001) compared to the progression of
PWYV in GPP during the same period (mean difference
0.272+0.285 m/sec, p < 0.oo1). The value of the ¢ statistic
of the CHP group (26.278) was significantly greater than
that of the GPP group (6.964), resulting in greater sta-
tistical significance between the rates of progression in
the CHP (p = 0.001) compared to the GPP (p = 0.001)
group.

The comparison of PWV values at the same estima-
tion point (baseline or 36 months) between two groups
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by t test for unpaired data between GPPs and CHPs is
presented in Fig. 3.

There was high statistical significance between the
mean PWV in the GPP and CHP groups at baseline
(9.02 £ 1.89 and 11.18 + 2.29 m/sec, respectively, p <
o0.001). There was also high statistical significance be-
tween the mean PWV in the GPP and CHP groups after
36 months (9.29 +1.93 and 11.82 + 2.34 m/sec, respective-
ly, p<0.001). The Fvalues, used to compare the variance
of the two groups, were 0.177 at baseline and 0.164 after
36 months.

In Fig. 4, we present no absolute values of PWV for
baseline and 36 months, but rather the change in PWV
estimated in each of two groups: PW Vg ... — PWVy ceiine
= APWV. Box plots of the mean progression of PWV
(APWYV) are presented separately for the CHP and GPP
groups. The mean, range, median, 25th and 75th per-
centiles, t statistic (0.001), difference, F value for equal
variance, and two-tailed probability (p < 0.001) are also
shown.

Tables 2 and 3 list the mean values of the clinical pa-
rameters assessed at baseline and after 36 months in
the CHP and GPP groups, and their correlations with
PWYV as determined by bivariate Pearson’s correlation
analysis.

The levels of laboratory markers involved in athero-
sclerotic process (albumin, CRP, cholesterol, LDL-C,

PWV (m/sec)

CHP (baseline) CHP (36 mon)
Two-tailed probability p < 0.001
Mean difference: 0.639 + 0.183
Test statistic t: 26.278

GPP (baseline) GPP (36 mon)
Two-tailed probability p < 0.001
Mean difference: 0.272 + 0.285
Test statistic t: 6.964

Mean Range/ﬁth percentile

- I |=<X+Median
95% lefor ™ 25th percentile

the mean

Figure 2. Paired t test between baseline and 36 months
within each group. PWV, pulse wave velocity; CHP, chronic
hemodialysis patient; GPP, general population patient; CI,
confidence interval.
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PWV (m/sec)
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Difference  2.158

F-test for equal variance: 0.177
Two-tailed probability p < 0.001
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of arterial stiffness

APWV (cm/sec) - arterial stiffiness progression

120 =

100

8o |
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GPP (36 mon) GPP (36 mon)

Test statistic t: 6.150

Difference  2.525

F-test for equal variance: 0.164
Two-tailed probability p < 0.001

20 =
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CHP

Test statistic t: -11.519

Difference
F-test for equal variance: 0.001
Two-tailed probability p < 0.001

Figure 3. Test for unpaired data between the general popu-

lation patient (GPP) and chron

groups. PWV, pulse wave velocity.

ic hemodialysis patient (CHP)

-0.3325

GPP

R: .
Mean "2'6¢ - 75th percentile

ahMedian

25th percentile

Figure 4. Pronounced progression of arterial stiffness in
chronic hemodialysis patient (CHP) compared to the general

population patient (GPP) group: t test for unpaired data. PWV,
pulse wave velocity.

Table 2. Bivariate Pearson’s correlation analysis of pulse wave velocity and laboratory markers in the chronic hemodialysis

patient group
Baseline 36 mon
Laboratory markers Laboratory PWV Laboratory PWV
markers r p value markers r pvalue
Urea, mmol/L 20.9 5.5 0.12 0.289 21.4+53 0.14 0.298
Creatinine, umol/L 730.6 £ 204.1 0.02 0.861 735.-8 £ 207.3 0.03 0.824
Hemoglobin, g/L 1117 £18.2 -031 0.005 109.5+16.4 -0.35 0.007
Albumin, g/L 38.4%4.9 -0.28 0.012 39.9£5.1 -0.31 0.019
CRP, mg/L 9.4+2.6 0.37 0.007 9.1+23 0.35 0.008
Cholesterol, mmol/L 4.5%1.7 -0.05 0.659 4.7+1.8 -0.06 0.657
LDL-C, mmol/L 2.4+0.9 -0.17 0.131 2.4+0.8 -0.19 0.157
HDL-C, mmol/L 1.2+ 045 -0.13 0.250 13+ 0.6 -0.15 0.265
Triglycerides, mmol/L 1.9+0.9 0.28 0.012 1.8+ 0.8 031 0.019
Calcium, mmol/L 2.19 £ 0.15 0.25 0.025 2.17 £ 0.14 0.27 0.042
Glucose, mmol/L 5.6 £2.5 031 0.035 5.7%2.6 0.33 0.041

Values are presented as mean + SD.
PWYV, pulse wave velocity; CRP, C-reactive protein; LDL-C, low density lipoprotein cholesterol; HDL-C, high density

lipoprotein cholesterol.
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Table 3. Bivariate Pearson’s correlation analysis of pulse wave velocity and laboratory markers in the general population pa-
tient group

Baseline 36 mon
Laboratory markers Laboratory PWV Laboratory PWV
markers r pvalue markers r pvalue

Urea, mmol/L 6.6+2.1 0.29 0.024 6.8+23 030 0.027
Creatinine, umol/L 84.6 £19.7 -0.11 0.402 86.8 £ 20.9 -0.12 0387
Hemoglobin, g/L 125.5 £ 17.0 -0.50 < 0.001 123.6 £16.8 -0.49 < 0.001
Albumin, g/L 43.5% 4.9 -0.51 < 0.001 42.9 £ 4.2 -0.50 < 0.001
CRP, mg/L 7.4+5.7 037 0.004 8.0%5.9 039 0.004
Cholesterol, mmol/L 4.6 £1.08 -0.14 0.286 4.8 £1.00 -0.15 0.279
LDL-C, mmol/L 23+0.8 -0.11 0.402 2.5+ 0.9 -0.10 0.471
HDL-C, mmol/L 1.6+0.8 -0.04 0.761 1.5+ 0.6 -0.04 0.774
Triglycerides, mmol/L 1.7+0.2 -0.08 0.543 1.8+ 0.4 -0.07 0.505
Calcium, mmol/L 2.30 % 0.10 -0.20 0.125 2.28 £ 0.09 -0.21 0.127
Glucose, mmol/L 53%1.6 0.25 0.054 5.2+1.4 0.28 0.040

Values are presented as mean + SD.

PWYV, pulse wave velocity; CRP, C-reactive protein; LDL-C, low density lipoprotein cholesterol; HDL-C, high density
lipoprotein cholesterol.

Table 4. Multiple regression analysis of determinants of Apulse wave velocity in the chronic hemodialysis patient and general

population patient groups

Laboratory markers CHP group GPP group

Bst pvalue Bst pvalue
Urea, mmol/L 0.043 0.736 0.164 0.183
Creatinine, pmol/L 0.177 0.156 0.124 0318
Hemoglobin, g/L -0.405 0.004 -0.304 0.011
Albumin, g/L -0.349 0.042 -0.303 0.034
C-reactive protein, mg/L 0.458 0.002 0.187 0.008
Cholesterol, mmol/L 0.236 0.038 0.171 0.078
LDL-C, mmol/L -0.041 0.431 -0.045 0.904
HDL-C, mmol/L -0.097 0.837 -0.081 0.820
Triglycerides, mmol/L -0.150 0.632 -0.300 0.8098
Calcium, mmol/L 0.054 0.611 0.048 0.695
Glucose, mmol/L 0.080 0.609 0.039 0.740

CHP, chronic hemodialysis patient; GPP, general population patient; fst, standardized coefficient f; LDL-C, low density
lipoprotein cholesterol; HDL-C, high density lipoprotein cholesterol.
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HDL-C, triglycerides), traditional blood renal markers
(urea, creatinine), hemoglobin, serum calcium, and
glucose are presented in Table 2 (CHP group) and Table
3 (GPP group), separately for baseline and 36 months.
The results of the bivariate Pearson’s correlation analy-
sis of aortic PWV and laboratory markers are presented
as rindexes and p values.

The positive value of Pearson product—moment cor-
relation coefficient (), as a measure of the strength of
linear dependence between two variables in CHP (one
of the measured laboratory markers and PWV) indicat-
ed significant positive correlations between: CRP and
PWYV (r=0.37, p=0.007), triglycerides and PWV (r=0.28,
p = 0.012), serum calcium and PWV (r = 0.25, p = 0.025),
and glucose and PWV (r=0.31, p = 0.035). Pearson’s rval-
ues revealed significant negative correlations between:
hemoglobin (r=-0.31, p=0.005)and albumin (r=-0.28, p
=0.012)(Table 2).

Pearson’s product—moment correlation coeflicients
(r), in the GPP group (one of the measured laboratory
markers and PWV) indicated significant positive cor-
relations between: urea and PWV (r = 0.29, p = 0.024),
CRP and PWV (r=0.37, p = 0.004, and glucose and PWV
(r=0.25, p=0.054). Pearson’s rrevealed significant nega-
tive correlations between: hemoglobin (r = -0.50, p =
0.000 and PWV and albumin and PWV (r = -0.51, p =
0.000 (Table 3).

The above mentioned results were calculated using
baseline data from the CHP and GPP groups.

A ttest for unpaired data between laboratory markers
in the CHP and GPP groups for both estimated periods
showed significant differences in urea, creatinine, he-
moglobin, albumin, and calcium (p = 0.001); HDL-C (p
= 0.000 and CRP (p = 0.0062), but not glucose (p =
0.4178), cholesterol (p = 0.6905), triglycerides (p = 0.0935),
and LDL-C(p=0.4964)(Table 4).

Assessments (standardized coefficient § [Bst] and p
value) of independent predictors or determinants (lab-
oratory markers) for increasing PWV in the CHP and
GPP groups after multiple regression analysis are
shown in Table 4. The absolute value of PWV was not
chosen as a dependent variable for either time period;
instead, we used the difference in PWV at baseline and
after 36 months (APWV = PWV,¢ ... — PWV,,in.) We
conducted a multiple regression analysis to determine
the effect on the dependent variable (APWV) of varia-
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tions in one of the independent variables (hemoglobin,
albumin, CRP, etc.), while the other independent vari-
ables were fixed. p values followed the order of: CRP
(0.002), hemoglobin (0.004), cholesterol (0.038) and al-
bumin (0.042) in the CHP group; and CRP (0.008), he-
moglobin (0.011), and albumin (0.034) in the GPP group.

DISCUSSION

To our knowledge, this is the first longitudinal pro-
spective study to evaluate the progression of arterial
stiffness over an extended period of time and make
comparisons between a hemodialysis group and the
general population. In this study, 8o patients from two
hemodialysis centers and 60 GPPs from ambulatory
internal medicine were recruited and examined be-
tween December 2009 and December 2012. Each par-
ticipant was subjected to noninvasive diagnostic Dop-
pler ultrasonography and blood biochemistry tests.

We examined whether the increase in arterial stiff-
ness is greater among CHP than among GPP. In our
study, the control group (GPP) did not include a young
healthy population; it consisted of participants from
the general population who were not spared from the
normal process of atherosclerosis, aging, and osteopo-
rosis. The patients in this group had functioning kid-
neys, to exclude the influence of renal comorbidity.

In this Doppler-based study to estimate arterial stiff-
ness, we detected a high prevalence of increased PWV
in a relatively young hemodialysis patient population.
Vascular stiffening likely begins much earlier and pro-
gresses more rapidly in hemodialysis patients (p <
0.001). The PWV value measured at baseline was mark-
edly higher (24%) in CHP than in GPP, with a greater
than twofold higher annual increase.

The CHP group showed higher aortic PWV than GPP
subjects of similar age, but whether increased PWV is a
consequence of renal disease or reflects vascular dis-
ease, diabetes, and hypertension is unknown. In the
GPP group, only factors associated with the progres-
sion of arterial stiffness in the elderly were evident (tra-
ditional risk factors), but in CKD patients, arterial stiff-
ness (i.e., PWV)is accelerated due to synergism between
age and traditional risk factors plus factors related to
renal comorbidity (nontraditional risk factors). Because
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an increase of 1 m/sec in aortic PWV has been shown to
equate to a39% increased risk of CV events [12], our data
suggest that the risk in the CHP group increases about
every 5 years. For CKD patients, for every decade of age
there is an increase in PWV of 1.1 m/sec (95% confi-
dence interval [CI], 0.9 to 1.2) compared to 0.3 m/sec
(95% CI, 0.29 to 0.39) for healthy controls [13]. The
marked increase in aortic stiffness with age with little
change in peripheral arterial stiffness results in a re-
versal of the gradient of arterial stiffness from the
youthful pattern of a compliant proximal aorta, which
was evident in individuals aged < 50 years, to a pattern
of greater aortic stiffness in older participants [14]. Aor-
tic PWV in the GPP group increased more rapidly with
age in females than in males, crossing over around age
45, whereas there is no significant difference between
the sexes in carotid-femoral PWV. Although it remains
controversial, a greater increase in aortic stiffness with
age among females in the general population, particu-
larly with menopause, has been reported. In particular,
APWW is higher in females by ~3.5% (our result) after
menopause, in part because of the lesser height, and
therefore closer physical proximity between the heart
and reflecting sites, of females [15].

In our study (by bivariate Pearson correlation, at base-
line) we found that among CHP, there were significant
positive correlations between PWV and CRP (p < 0.007),
PWYV and triglycerides (p = 0.012), PWV and serum calci-
um (p=0.025), PWV and glucose (p = 0.035); we also found
negative correlations for PWV with hemoglobin (p =
0.005), and serum albumin (p = 0.012) (Table 2).

Low serum albumin in the CHP group has been re-
ported to be a powerful predictor of mortality in
cross-sectional studies of hemodialysis patients. Dan-
ielski et al. [16] found significantly higher oxidative
stress in a hypoalbuminemia group of hemodialysis
patients than in a normoalbuminemia group. In-
creased oxidative stress may, in turn, accelerate the ath-
erosclerotic process with consecutive acceleration of
arterial stiffness with increased PWV. Recently, Washi-
da et al. [17] reported that arterial stiffness constitutes a
novel predictor of the severity of CV disease in patients
with ESRD, in addition to the classical risk factors.
They reported lower serum albumin levels and higher
serum CRP levels in hemodialysis patients with severe
lacunes [18]. In summary, our results suggest that the
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significance of the correlation between PWV and se-
rum CRP levels (p = 0.007) in the CHP group was supe-
rior to that of the correlation between PWV and serum
albumin (p = 0.012). We also found greater statistical
significance for the correlation of PWV with CRP (p =
0.002) than with albumin (p = 0.042) by multiple regres-
sion analysis.

Hypoalbuminemia is often accompanied with dys-
lipidemia in patients with nephrotic syndrome and di-
alysis patients. Dyslipidemia plays an important role in
the pathogenesis of atherosclerosis and is a risk factor
for CV disease. Elevated levels of circulating tri-
glycerides and increased arterial stiffness were associ-
ated with CV disease (p = 0.012) only in the CHP group,
but PWV was more significantly associated with the
triglycerides after adjusting for age, sex, BMI, hemodi-
alysis duration, and diabetes mellitus status (p = 0.005).
Our findings suggest that patients with diabetes have
increased central (aortic) artery stiffness. In addition,
in multiple regression analysis, diabetes was not a pre-
dictor of central artery stiffness, indicating that glucose
is not a determinant of peripheral artery stiffness (Bst =
0.080, p = 0.609) in CHP. Our data demonstrate that in
hemodialysis patients, aortic PWV is significantly (p =
0.005) negatively associated with serum hemoglobin
concentration; in the multivariate regression analysis
serum hemoglobin was one of the most powerful pre-
dictors (Bst=-0.405, p=0.004) of an increased PWV.

We identified associations between arterial stiffness
and urea; arterial stiffness and hemoglobin; arterial
stiffness and serum albumin; arterial stiffness and
CRP, and arterial stiffness and glucose in the GPP
group (Table 3). An elevated plasma concentration of
CRP, an acute-phase marker of systemic inflammation
and hypoalbuminemia, has been shown to predict
events in the general population and CV and total mor-
tality in hemodialysis patients [19]. CRP was the most
powerful independent predictor (Bst = 0.187, p = 0.008)
ofanincreased PWV in the GPP group (multivariate re-
gression analysis).

While traditional risk factors predominated in the
general population, in CHPs, nontraditional risk fac-
tors play an increasingly important role, being perhaps
dominant in ESRD patients. Recently, many studies
have focused on newly discovered nontraditional risk
factors, such as vitamin D deficiency, CRP, fibrinogen,
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hyperhomocysteinemia, high plasma norepinefrin, ac-
cumulation of the endogenous inhibitor of the nitric
oxide synthase asymmetric dimethylarginine, extra-
cellular volume overload, hyperphosphatemia, and oxi-
dant stress as alink between traditional and other non-
traditional risk factors in CHPs. Nontraditional risk
factors are more prevalent in ESRD patients compared
to the general population [20]. These include specific
factors like uremia, infection, biocompatibility of dial-
ysis membranes, hyperhomocysteinemia, acidosis, and
hyperphosphatemia. However, while the genesis of
these factors and their role in atherosclerosis are out
with the scope of this study, we can ascertain that the
progression of blood vessel aging is significantly great-
er in dialysis patients. In this population, the chrono-
logical age is greater than biological age, expressed
through the increased arterial stiffness. The progres-
sion of PWV in our study over a 36-month period, and
the significant difference between the CHP and GPP
groups, suggest that arterial stiffening has progressed
further in dialysis patients compared to the general
population, which suggests a significant distinction in
the aging and stiffness of their arteries, and so the bio-
logical age of both populations. Fortunately, arterial
stiffening can be monitored by a simple noninvasive
method, measuring the PWV, which enables evaluation
of the risk of CV events.

In conclusion, accelerated arterial aging with consec-
utive accelerated progression of arterial stiffness was
more pronounced in the CHP group than in the GPP
group. The independent determinants of this progres-
sion in both groups were traditional risk factors and
blood hemoglobin, albumin and CRP levels. Cholester-
ol and uremia-related factors are determinants only in
CHP.

GPPs have an increased vascular stiflness; this is as-
sociated with traditional risk factors and urea, hemo-
globin, albumin, CRP, and glucose levels. Nontradi-
tional risk factors, or uremia-related specific factors—
such as anemia (hemoglobin), inflammation (CRP),
hypoalbuminemia, and abnormal lipoproteins—
might play a role in the accelerated progression of arte-
rial stiffness only in CHPs.
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KEY MESSAGE

1. Progression of arterial stiftness between hemo-
dialysis and general population patients evalu-
ated in longitudinal prospective study in 3 years
period.

2. Comparative presentation of monthly and an-
nual pulse wave velocity (PWV) progression
between chronic hemodialysis patients and gen-
eral population patients.

3. Interesting way of measuring arterial stiffness
with noncommercial, not specialized device for
PWYV evaluation which presents a difference of
atherosclerosis progression between two men-
tioned groups.
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