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INTRODUCTION
Epidemiological and clinical studies have shown 

that damage to large arteries contributes to the high 

cardiovascular mortality in patients with end-stage renal 

disease (ESRD).
[1-3]

 Atherosclerosis is the most frequent 

cause of arterial damage. It is also the most frequent 

cause of cardiovascular morbidity in patients with 

ESRD,
[4]

 with occlusive lesions occurring principally 

in the medium-sized conduit arteries. Risk factors of 

atherosclerosis in ESRD patients are coronary risk factors 

such as hypertension, diabetes, hyperlipidemia, and 

hyperphosphatemia. Bone associated proteins including 

osteopontin, matrix Gla protein and osteoprotegerin may 

be involved in the progression of atherosclerosis. Carotid 

intima media thickness (CIMT) and stiffness are taken as 

useful surrogate markers of atherosclerosis. Measurement 

of CIMT, a method initially described by Pignoli et al,
[5]

 

has been increasingly used to assess atherosclerosis, to 
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monitor the progression of the disease and the effects of 

treatment, and also, as a surrogate end point in clinical 

trials.

In China, the number of elderly hemodialysis patients 

has increased year by year, while increasing the dialysis-

related cardiovascular events. This study was undertaken 

to examine the carotid stiffness in elderly hemodialysis 

patients by ultrasound techniques in order to fi nd out the 

possible risk factors.

METHODS
Patients

From January 2006 to February 2010, a series of 

87 patients (41 males and 46 females) who had been 

treated with routine hemodialysis at the 97th Hospital 

of the People's Liberation Army were enrolled in this 

study. Their age ranged from 45 to 81 (60.18±9.67) 

years, and hemodialysis history was 3-204 months 

(median 47 months). Their primary diseases included 

chronic glomerulonephritis in 32 patients, diabetic 

nephropathy in 18, interstitial nephritis in 14, essential 

hypertension in 10, polycystic kidney in 6, chronic 

pyelonephritis in 2, obstructive nephropathy in 1, and 

unknown etiology in 4.

Inclusion criteria for patients were: 1) age≥45 years; 

2) dialysis≥3 months; 3) no cardiovascular event at 

least for 3 months before the study; 4) no signs of acute 

infection; 5) no severe malnutrition (serum albumin>30 

g/L), and 6) dialysis 3 times per week, four hours per 

time, KT/V≥1.2.

The parameters for the dialysis machine included 

Fresenius 4008B with an F6 polysulfone membrane 

dialyzer; a dialyzer membrane area of 1.3 m
2
; a dialysate 

flow rate of 500 mL/min; a blood flow rate of 200-300 

mL/min; and bicarbonate solutions (138 mmol/L sodium, 

2.5 mmol/L potassium, 1.5 mmol/L bicarbonate, 0.5 

mmol/L magnesium, and 32 mmol/L bicarbonat). 

The patients in this study signed consent forms, and 

the study was approved by the Ethics Committee of the 

97th Hospital of the People's Liberation Army.

Evaluation of arterial stiffness
A Doppler ultrasonic diagnosis apparatus (Philips 

HBI5000, frequency 12 MHz) was used to detect 

distensibility coeffi cient (DC) of the carotid artery for the 

evaluation of arterial stiffness. 

The formula for DC is as follows: DC=2 [(Dd−Ds)/

Dd)]/(SBP−DBP) (Ds: vascular systolic diameter; Dd: 

vascular diastolic diameter; SBP: systolic blood pressure; 

DBP: diastolic blood pressure).

The body area for the measurement was set at 1.0-

2.0 cm apart form carotid bifurcation. When the artery 

anterior and posterior intima became clearest, the probe 

was put at the border of medial and outer membranes 

to capture the diameter curve of the carotid artery. To 

avoid the effect of volume overload and hemodynamic 

change on the test results, ultrasound examination was 

done at one hour after the dialysis by the same qualifi ed 

physician.

Laboratory examination
Fasting blood samples were collected on the day of 

dialysis. Albumin (ALB), calcium (Ca), phosphorus (P), 

total cholesterol (TC), high density lipoprotein (HDL), 

low density lipid protein (LDL), triglyceride (TG), 

glucose and creatinine were measured using a Hitachi 

7600 automatic biochemical analyzer. Intact parathyroid 

hormone (iPTH) was determined using Beckman Access 

Immunoassay. Laboratory examination and evaluation of 

arterial stiffness were performed on the same day.

Statistical analysis
The data were presented as mean±standard deviation 

(SD). Statistical evaluations were performed by linear 

correlation coefficient and multiple stepwise regression 

analysis using SPSS software package 11.5 (Chicago, 

IL). A P value less than 0.05 was considered statistically 

signifi cant.

RESULTS
General information

In this study, the systolic blood pressure was 153.33 

±25.98 mmHg, DBP 84.22±10.39 mmHg, TC 4.39±1.05 

mmol/L, TG 1.36±0.72 mmol/L, LDL 2.47±0.77 mmol/

L, Cr 889.82±207.38 μmol/L, Glu 5.36±1.87 mmol/L, 

Ca I 2.00±2.19±0.21 mmol/L, and DC 13.39±5.32×10
−3

/

kPa. HDL distribution, iPTH, and dialysis period were 

skewed, but were transformed into poission distributions 

by the natural logarithm.

Correlation analysis
The Pearson's correlation coefficient analysis 

showed that DC was associated with age (r =−0.459, P 

<0.001), SBP (r =−0.527, P<0.001) and serum calcium 

(r =−0.273, P=0.011). The multiple stepwise regression 

analysis showed that SBP, age, increased serum calcium, 

and diabetes were independent risk factors for decreasing 

DC (Table 1).
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DISCUSSION
In ESRD patients, vascular disease develops quickly 

and early, which is mainly represented as increased 

arterial extracellular matrix, diffuse thickening of the 

vascular media, rupture-induced fibrosis in the elastic 

layer, and the calcifi cation-induced large artery stiffness. 

Large artery stiffness is an independent predictor for the 

cardiovascular disease (CVD)-induced death and total 

mortality of ESRD patients.
[6]

 Ultrasound technology 

is widely used to precisely track and trace the intima 

trajectory. By recording the changes of artery diameter 

during systolic and diastolic phases, we can calculate the 

expansion of arterial and directly evaluate the vascular 

stiffness. This method has such advantages as real-time 

collection, repetitiveness, and non-invasive evaluation. 

In this study we measured DC in elderly hemodialysis 

patients and analyzed the possible factors associated 

with carotid stiffness, and found that systolic blood 

pressure, age, increased serum calcium and diabetes were 

independent risk factors for carotid artery DC in middle-

aged hemodialysis patients.

E S R D  p a t i e n t s  a r e  o f t e n  c o m p l i c a t e d  b y 

hypertension. Studies
[7-10]

 have shown that large 

artery stiffness in ESRD patients is closely related to 

hypertension. Our results also indicated that in elderly 

hemodialysis patients systolic blood pressure was one 

of the independent risk factors for carotid artery DC. 

During the arterial stiffness, the pulse wave velocity 

increased, the arrival of reflected wave at the central 

artery was brought forward to systolic phase instead 

of diastolic phase, thus making systolic blood pressure 

increase, diastolic blood pressure decrease, and pulse 

pressure increase. In turn the increased blood pressure 

can lead to impairment of endothelial function, arterial 

wall dysfunction in systolic and diastolic phases,
[11]

 

proliferation and fibrosis of arterial medial smooth 

muscle cells, and increased collagen synthesis. Therefore 

large artery atherosclerosis and hypertension interact 

with each other. 

Variables

Unstandardized
 coeffi cients

Standardized
 coeffi cients
 Beta

 t P value

B S E

Constant 50.825 5.335 -  9.527 0.000

Age -0.177 0.047 -0.323 -3.769 0.000

Systolic blood pressure -0.072 0.018 -0.349 -3.966 0.000

Serum calcium -6.975 2.146 -0.276 -3.250 0.002

Diabetes -2.435 1.084 -0.195 -2.247 0.027

Table 1. The multiple linear regression analysis for DC and its impact 
factor

Age is one of the most significant factors of arterial 

stiffness.
[12]

 In the age-related incidence of arterial 

stiffness, vascular structural changes play a major role.
[13]

 

The mechanism of these changes includes: 1) reduced 

density of elastin in the arterial wall, fragmentation, 

collagen synthesis, and increased collagen content in 

arterial wall, decreased metabolism, hypertrophy of 

vascular smooth muscle cells, and increased expression 

of interstitial cell adhesion molecules and growth 

factors; 2) increased advanced glycation end products 

(AGEs), cross-linking of increased collagen molecules 

in the arterial wall, loss of collagen elasticity, and 

increased wall stiffness. Our study showed that in 

elderly hemodialysis patients, age was also one of the 

independent risk factors for carotid arterial stiffness.

In ESRD patients, abnormal calcium deposition 

and phosphorus metabolism are important causes for 

vascular calcifi cation in hemodialysis patients.
[14]

 In our 

study, serum calcium level was one of the independent 

risk factors for carotid artery DC in the 87 patients, while 

serum phosphorus and iPTH were not associated with 

arterial stiffness. As reported, angiosteosis is an active 

adjustment process which is similar to the formation 

of bone and cartilage. Its main feature is the bone-like 

change of vascular smooth muscle cells.
[15]

Diabetes is also considered one of the independent 

risk factors for arterial stiffness in ESRD patients.
[8]

 

Takenaka et al
[16]

 after one-year investigation found 

that large artery stiffness developed more quickly in 

diabetic hemodialysis patients than in non-diabetic 

hemodialysis ones. Aoun et al
[17]

 conducted a case-

control study in which 122 diabetic patients were 

compared to 122 non-diabetic patients in terms of sex, 

age, mean arterial pressure, number and localization of 

atherosclerotic alterations. They found that the diabetic 

patients had higher arterial stiffness than the non-

diabetic patients with one or more cardiovascular risk 

factors, manifested by increased aortic PWV and PP. 

In addition, renal failure, irrespective of its degree and 

independent of diabetes mellitus, is associated with 

increased aortic PWV but not PP. Although the morbidity 

of arterial stiffness signifi cantly increased in the diabetic 

patients, we didn't find that fasting blood glucose was 

an independent risk factor for arterial stiffness. The 

mechanism may be connected with the formation of 

AGEs.

In conclusion, systolic blood pressure, age, increased 

serum calcium, and diabetes in elderly hemodialysis 

patients are independent risk factors for increased carotid 

arterial stiffness. Early intervention of reversible risk 
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factors such as blood pressure, serum calcium, blood 

glucose may reduce the incidences of arterial stiffness 

and CVD in ESRD patients.
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