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Objective. To identify the relationship between microinflammation, oxidative stress, and carotid arterial stiffness in hemodialysis
patients. Methods. The CAS 𝛽 and PWV obtained by ultrasound technology were used to assess carotid arterial stiffness. We divided
the patients into either the CAS group or the non-CAS group based on the presence or absence of CAS. The parameters of ALB, Ca,
P, TC, HDL, LDL, TG, glucose, creatinine, and hs-CRP levels were routinely tested in both groups of patients. The levels of TNF-𝛼,
IL-6, and 8-isoprostane F2𝛼 were measured by ELISA. Results. A total of 42 patients were enrolled in the CAS group and 20 patients
were enrolled in the non-CAS group. No significant differences between the CAS group and the non-CAS group were observed
with respect to age, dialysis duration, DBP, BUN, Cr, TC, TG, HDL, LDL, and Hb. However, SBP , pulse pressure, and 8-isoprostane
levels of the CAS group were higher than those of the non-CAS group. The hs-CRP, TNF-𝛼, and IL-6 levels were elevated in both
groups but showed no significant differences. Conclusions. Maintenance of hemodialysis patients exhibits a microinflammatory
state that may lead to atherosclerosis. The roles of hypertension and oxidative stress may be more important.

1. Introduction
Atherosclerosis is an independent predictor of cardiovascular
disease (CVD) related to patients with end-stage renal disease
(ESRD). Numerous factors are involved in atherosclerosis
for ESRD patients, some of which are reversible. Increasing
evidence has demonstrated that atherosclerosis is a chronic
microinflammatory disease [1–4].
Renal excretion dysfunction is common for maintenance
with hemodialysis (MHD) patients. Toxins and cytokines
accumulate in the body. The imbalance between the antioxygen free radical system and the oxygen free radical production system causes peroxidative damage and lipid peroxidative injury. Glycation end products and advanced oxidation
protein products accumulate in the body, bind to specific

monocyte-macrophage cell surface receptors, and stimulate
vast numbers of adhesion molecules. Nuclear factor 𝜅B (NF𝜅B) is also stimulated resulting in increased secretion of
inflammatory cytokines such as interleukin (IL) 1, IL-6, and
tumor necrosis factor (TNF) 𝛼 [5, 6]. Inflammatory cytokines
and oxidative stress play an important role in dialysis-related
cardiovascular events in MHD patients [7, 8].
In previous studies, systolic blood pressure (SBP), age,
increased blood calcium (Ca) levels, and diabetes were
demonstrated to be independent risk factors for carotid
artery stiffness (CAS) in elderly hemodialysis patients [9,
10]. However, few studies have assessed the relationship
between CAS, microinflammation, and oxidative stress in
MHD patients. Thus, the present study is aimed to further
investigate this relationship.
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2. Materials and Methods
2.1. Study Subjects. Sixty-two stable hemodialysis patients
were recruited from 2006 to February 2012. The enrolled
patients met the following criteria: (1) age ≥ 45 years, (2)
dialysis duration ≥ 3 months, (3) absence of cardiovascular
events 3 months before the study, (4) absence of acute
infection signs, (5) absence of severe malnutrition (serum
albumin > 30 g/L), and (6) 4 hours of dialysis per session, 3
times each week, KT/V ≥ 1.2 [9, 10]. An informed consent was
obtained from all of the patients and healthy control subjects
enrolled in this study. This study was approved by the hospital
ethics committee.
Among the enrolled patients, there were 43 males and
19 females, aged 45∼76 years (mean: 59.4 ± 7.6 years). The
dialysis duration was 3–61 months (median: 34 months);
the patients were divided into either the CAS or non-CAS
group according to the presence or absence of CAS. A total
of 42 patients were enrolled in the MHD + CAS group,
including 31 males and 11 females, aged 45∼73 years (mean:
57.2 ± 7.8 years). The dialysis duration was 3–61 months
(median: 34 months). The primary diseases included 32
cases of chronic glomerulonephritis, 6 cases of diabetic
nephropathy, 2 cases of interstitial nephritis, and 2 cases of
primary hypertension. A total of 20 patients were enrolled
in the non-CAS group, including 12 males and 8 females,
aged 47∼76 years (56.2 ± 8.7 years). The dialysis duration was
3∼56 months (median: 32 months). The primary diseases
included 13 cases of chronic glomerulonephritis, 4 cases of
diabetic nephropathy, and 3 cases of primary hypertension.
For hemodialysis, a Fresenius 4008B hemodialysis machine,
F6 polysulfone membrane dialyzer, and bicarbonate dialysate
(138 mmoL/L sodium, 2.5 mmoL/L potassium, 1.5 mmoL/
L Ca, 0.5 mmoL/L magnesium, and 32 mmoL/L bicarbonate)
were used. The area of the dialyzer membrane was 1.3 m2 , the
dialysate flow rate was 500 mL/min, and the blood flow rate
was 200–300 mL/min.
The patients who have hypertension received the antihypertension agents including amlodipine, benazepril, and
metoprolol. All the patients received the phosphate binders
and erythropoiesis-stimulating agents.
Healthy control subjects were selected from patients who
received a physical examination in our examination center.
There were 12 in total, including 7 males and 5 females, ages
45∼68 years (57.9 ± 7.8 years).
This study was approved by the Ethics Committee of
our hospital, and all patients signed informed consent forms
before being divided into groups.
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triglycerides (TG), glucose, creatinine, and C-reactive protein
(CRP) levels.
3.1. Detection of Serum TNF-𝛼, IL-6, and 8-Isoprostane F2𝛼
Concentrations. Seven milliliters of fasting venous blood was
collected from the dialysis patients and the healthy control
subjects on the dialysis day and the physical examination day.
After 30 min, the samples were centrifuged at 3000 rpm/min
for 15 min. The supernatant was divided into tubes and stored
at −20∘ C for analysis. The samples were sent to be analyzed
after all of them were collected. Before analysis the samples
were placed in cold water or left at room temperature. The
samples were then centrifuged at 3000 rpm/min for 15 min.
The supernatant was collected for detection. The enzymelinked immunosorbent assay (ELISA) method was applied to
detect serum TNF-𝛼, IL-6, and 8-isoprostane F2𝛼. The ELISA
kits for TNF-𝛼 and IL-6 were purchased from eBioscience.
The kit for 8-isoprostane F2𝛼 was purchased from Cayman
Chemical Company. The assays were performed according to
the manufacturers’ instructions.
3.2. Carotid Arterial Stiffness 𝛽 (CAS𝛽) and Pulse Wave
Velocity (PWV) Determination. CAS𝛽 was detected to evaluate the carotid arterial stiffness. A Philips Philipus IU 22
Color Doppler Ultrasonic Diagnostic apparatus was used.
One hour after dialysis, the high-resolution vascular probe
(frequency: 5–13 MHz) was used to observe the carotid artery
wall. In the long axis view, the M sampling line was adjusted
to 2 cm below the carotid artery sinus, and at the outer
membrane of the arteries were parallel to the artery wall.
The ET function was initiated, images were stored after
3–5 consecutive stable waveforms were obtained, and the
blood pressure readings were entered immediately during
postprocessing. The instrument automatically calculated the
stiffness of the side of carotid artery (𝛽) and the pulse wave
velocity (PWV). According to the literature, CAS 𝛽 > 10 was
defined as carotid arterial stiffness [11–13].

4. Statistical Methods
The experimental data was statistically analyzed using SPSS
15.0 software. The quantitative data was presented as mean
± standard deviation (𝑥 ± 𝑆). The paired data was analyzed
by t-test, and differences with 𝑃 < 0.05 were considered
significant.

3. Biochemical Assays

5. Results

Three milliliters of fasting venous blood was collected from
the dialysis patients (predialysis) and the healthy control
subjects on the dialysis day and the physical examination
day. After collection, the blood samples were sent to the
clinical laboratory for analysis. A Hitachi 7600 automatic
biochemical analyzer was used to detect serum albumin
(ALB), Ca, phosphorus (P), total cholesterol (TC), highdensity lipoprotein (HDL), low-density lipoprotein (LDL),

5.1. General Conditions. The age, dialysis duration, diastolic
blood pressure (DBP), BUN, Cr, TC, TG, HDL, LDL, and Hb
were not significantly different between the CAS and nonCAS groups. However, the SBP and pulse pressure (PP = SBPDBP) values of the CAS group were higher than those of the
non-CAS group (𝑃 < 0.05; Table 1). Both the CAS𝛽 and PWV
values of the CAS group were higher than those of the nonCAS group and the normal control group (Table 2).

International Journal of Nephrology

3

Table 1: Basic conditions of the study groups.

Age (years)

Control

Non-CAS

CAS

57.9 ± 7.8

56.6 ± 9.6

57.2 ± 7.8

7/5

12/8

31/11

/

32 (3–56)

34 (3–61)

Gender (M/F)
Duration of
dialysis (months)

∗

131.08 ± 7.66 137.27 ± 11.23

SBP (mmHg)

Table 3: Comparisons of serum TNF-𝛼, IL-6, and 8-isoprostane F2𝛼
concentrations in the study groups.

∗

Control

151.33 ± 13.57

∗

81.62 ± 11.35

DBP (mmHg)

72.66 ± 9.62 83.25 ± 10.48

Pulse pressure
(mmHg)

47.21 ± 8.37

56.96 ± 6.18

67.26 ± 18.22∗∗

BUN (mmol/L)

5.13 ± 0.69

23.36 ± 10.34∗∗

23.31 ± 8.49∗∗

62.58 ± 13.29 756.6 ± 131.8∗∗

862.1 ± 157.4∗∗

Scr (𝜇mol/L)
Hb (g/L)

14.33 ± 1.30

86.4 ± 24.6∗∗

80.3 ± 25.5∗∗

TC (mmol/L)

4.22 ± 0.61

4.26 ± 1.38

4.32 ± 1.22

TG (mmol/L)

1.74 ± 0.29

1.27 ± 0.37

1.32 ± 0.84

HDL-c (mmol/L) 1.37 ± 0.26
LDL-c (mmol/L) 2.49 ± 0.73

1.34 ± 0.23

1.27 ± 0.33

2.52 ± 0.84

2.43 ± 0.61

∗

𝑃 < 0.05 versus control; ∗∗ 𝑃 < 0.01 versus control;  𝑃 < 0.05 versus nonCAS.

Table 2: Comparisons of CAS indicators in the study groups.

𝛽
PWV
∗∗

Control

Non-CAS

CAS

7.18 ± 2.12
5.93 ± 0.52

7.38 ± 2.84
6.26 ± 0.62

12.14 ± 6.21∗∗
7.52 ± 0.51∗∗

𝑃 < 0.01 versus control;  𝑃 < 0.05 versus non-CAS.

5.2. Serum TNF-𝛼, IL-6, and 8-Isoprostane F2𝛼 Levels. The 8isoprostane level was higher in the CAS group relative to that
of the non-CAS group (68.77 ± 45.96 pg/mL versus 25.56 ±
27.48 pg/mL, 𝑃 < 0.01). Compared to normal control group,
the hs-CRP, TNF-𝛼, and IL-6 levels were elevated in both the
CAS and non-CAS groups; however, there were no statistical
differences between the CAS and non-CAS groups (𝑃 > 0.05;
Table 3).

6. Discussion
Under physiological conditions, the vessel diameter changes
according to the changes in blood flow. With the increase in
carotid arterial stiffness, the amplitude of the vessel change
decreases in the systolic and diastolic phases. The vessel
wall stiffness can be determined accurately by detecting
the movement amplitude. Determination of CAS using the
ultrasound Echotracking technique is a reliable method for
evaluation of aortic stiffness with CAS𝛽 as a commonly used
indicator [11–13]. Numerous factors affect the carotid arterial
stiffness in ESRD patients. Previous studies reported that
SBP, age, increased blood Ca, and diabetes were independent
risk factors of CAS in elderly hemodialysis patients [9, 10].
However, few studies exist regarding the relationship between
CAS, microinflammation, and oxidative stress in MHD

CAS
∗

79.4 ± 21.57∗

TNF-𝛼 (pg/mL)

34.83 ± 10.46 83.67 ± 23.626

IL-6 (pg/mL)

42.18 ± 13.47 128.36 ± 33.24∗ 119.56 ± 25.62∗

hs-CRP (mg/L)
∗∗

Non-CAS

1.58 ± 0.79

8-isoprostane F2𝛼 17.32 ± 7.47
(pg/mL)

7.54 ± 6.51∗

8.21 ± 7.63∗

25.56 ± 27.48∗ 68.77 ± 45.96∗∗

∗
𝑃 < 0.05, non-CAS versus control and CAS versus control; ∗∗ 𝑃 < 0.01,
non-CAS versus CAS.

patients. Therefore, we evaluated CAS using the ultrasound
Echotracking technique. We also divided the MHD patients
into the CAS and non-CAS groups to explore this relationship
between CAS, microinflammation, and oxidative stress in
MHD patients.
Toxin and cytokine excretion dysfunction is common in
patients with chronic renal failure. The glycation end products and advanced oxidation protein products accumulate
in the body, resulting in the microinflammation. In MHD
patients, the progression of inflammation is aggravated by
the high-capacity load, bioincompatibility of the dialysis
membrane, microbial contamination of the dialysate, the
presence and usage of the vascular access, and potential
infections [5, 14–18]. The present study demonstrated that
the levels of hsCRP, TNF-𝛼, and IL-6 were higher than
normal in both the CAS and non-CAS groups, indicating
that a general state of microinflammation existed in the
MHD patients. However, there were no significant differences
between the CAS and non-CAS groups, indicating that
inflammatory cytokines might be involved in the progression
of atherosclerosis, although it is unlikely that they play a
major role.
In MHD patients, the imbalance between the antioxygen
free radical system and oxygen free radical production system
causes peroxidative damage and lipid peroxidative injury,
which are involved in the dialysis-related cardiovascular
events in these patients [7, 8]. In recent years, 8-isoprostane
F2𝛼 has been widely studied for the evaluation of oxidative
damage. It is an unsaturated eicosane fatty acid located in
the SN-2 position of the phospholipid. Hypoxia can activate
phospholipase A2, leading to release of arachidonic acid (AA)
from the cell membrane phospholipids. Phospholipase C may
also be activated, leading to the AA release from inositol
triphosphate. Through the noncyclooxygenase pathway and
the oxygen free radical pathway, the oxygen free radicals act
on cell membrane AA, generating 8-isoprostane F2𝛼 through
𝛽 cleavage and recombination. The level of 8-isoprostane
F2𝛼 reflects the level of lipid peroxidation specifically and
accurately. Thus, the oxidative stress severity is an ideal
biological indicator for the evaluation of oxidative stress and
lipid peroxidation [19]. In the present study, we found that
the 8-isoprostane F2𝛼 levels of the CAS group were higher
than those of the non-CAS group, indicating that oxidative
stress might play a more important role in the progression of
atherosclerosis.

4
Most ESRD patients develop hypertension. A number
of studies showed that the carotid arterial stiffness index
and hypertension were closely related in ESRD patients [20,
21]. Our results also demonstrated that SBP, PP, and CAS𝛽
were closely related in elderly MHD patients. However, in
CAS and Non-CAS groups, the SBP and PP were higher
than those in the control; however, in CAS group the SBP
and PP were higher than those of the non-CAS group. The
cause that we think when CAS occurs, the PWV increases,
the phase during which the reflection wave arrives at the
central artery shifts to the systolic phase from the diastolic phase, and the systolic phase delay pressure wave can
be observed, leading to elevated SBP, decreased DBP, and
increased pulse pressure. This increased pressure can cause
arterial endothelial dysfunction leading to alterations of the
systolic and diastolic functions of the arterial wall [19] and
proliferation and fibrosis of the smooth muscle cells in the
intercellular layer of the artery. Excessive collagen synthesis
can be stimulated, resulting in arterial wall thickening and
increased stiffness. Thus, hypertension and arteriosclerosis
have causal interactions.
In conclusion, the present study demonstrated that the
CRP, TNF-𝛼, MCP-1, and IL-6 levels were higher than normal
in both the CAS and non-CAS groups, indicating that there
was a microinflammatory state in the MHD patients. The SBP
and 8-isoprostane F2𝛼 levels were higher in the CAS patients
relative to those of the non-CAS patients, indicating that
atherosclerosis is more strongly related to SBP and oxidative
stress.

International Journal of Nephrology

[5]

[6]

[7]

[8]

[9]

[10]

[11]

[12]

Conflict of Interests
The authors report that they have no conflict of interests. The
authors alone are responsible for the content and writing of
the paper.

[13]

[14]

Acknowledgments
This work was supported by a Grant of Nanjing Military
Medical Innovation project (09MA038) to Hongqi Ren.
Hongqi Ren and Xiaomei Luo are cofirst authors.

[15]

[16]

References
[1] J. Blacher, M. E. Safar, B. Pannier, A. P. Guerin, S. J. Marchais,
and G. M. London, “Prognostic significance of arterial stiffness
measurements in end-stage renal disease patients,” Current
Opinion in Nephrology and Hypertension, vol. 11, no. 6, pp. 629–
634, 2002.
[2] M. Briet, E. Bozec, S. Laurent et al., “Arterial stiffness and
enlargement in mild-to-moderate chronic kidney disease,” Kidney International, vol. 69, no. 2, pp. 350–357, 2006.

[17]

[18]

[3] P. Tseke, E. Grapsa, K. Stamatelopoulos et al., “Atherosclerotic
risk factors and carotid stiffness in elderly asymptomatic HD
patients,” International Urology and Nephrology, vol. 38, no. 3-4,
pp. 801–809, 2006.

[19]

[4] J. Blacher, B. Pannier, A. P. Guerin, S. J. Marchais, M. E. Safar,
and G. M. London, “Carotid arterial stiffness as a predictor

[20]

of cardiovascular and all- cause mortality in end-stage renal
disease,” Hypertension, vol. 32, no. 3, pp. 570–574, 1998.
S. Kato, M. Chmielewski, H. Honda et al., “Aspects of immune
dysfunction in end-stage renal disease,” Clinical Journal of the
American Society of Nephrology, vol. 3, no. 5, pp. 1526–1533,
2008.
S. Shahrokh, P. Heydarian, F. Ahmadi, F. Saddadi, and
E. Razeghi, “Association of inflammatory biomarkers with
metabolic syndrome in hemodialysis patients,” Renal Failure,
vol. 34, pp. 1109–1113, 2012.
E. Dounousi, E. Papavasiliou, A. Makedou et al., “Oxidative
stress is progressively enhanced with advancing stages of ckd,”
American Journal of Kidney Diseases, vol. 48, no. 5, pp. 752–760,
2006.
I. Karamouzis, P. A. Sarafidis, M. Karamouzis et al., “Increase in
oxidative stress but not in antioxidant capacity with advancing
stages of chronic kidney disease,” American Journal of Nephrology, vol. 28, no. 3, pp. 397–404, 2008.
H.-Q. Ren, Y. Li, Q. Cai, S.-J. Han, M.-Y. Lv, and L. Li, “Determinants of arterial distensibility in middle-age and elderly patients
on the treatment of hemodialysis,” Chinese Journal of Emergency
Medicine, vol. 19, no. 10, pp. 1070–1073, 2010.
H. Q. Ren, G. Chen, Q. Cai, Y. Li, S. Han, and L. Li, “Risk factors
for carotid artery distensibility in middle-aged and elderly
hemodialysis patients,” World Journal of Emergency Medicine,
vol. 2, pp. 137–140, 2011.
E. C. Godia, R. Madhok, J. Pittman et al., “Carotid artery
distensibility: a reliability study,” Journal of Ultrasound in
Medicine, vol. 26, no. 9, pp. 1157–1165, 2007.
H. P. Zhang, X. H. Wang, and K. G. Zhan, “Evaluation of the
carotid artery elasticity of the eldely with hypertension only
using echo-tracking technique,” Journal of Medical Imaging, vol.
19, pp. 1113–1115, 2009.
Y. L. Zhou, Z. X. Yu, and H. M. Jia, “Association of insulin resistance with common carotid arterial stiffness in hemodialysis
patients,” Chinese Journal of Nephrology, vol. 24, pp. 249–252,
2008.
G. A. Kaysen, “The microinflammatory state in uremia: causes
and potential consequences,” Journal of the American Society of
Nephrology, vol. 12, no. 7, pp. 1549–1557, 2001.
A. Merino, S. Nogueras, P. Buendı́a et al., “Microinflammation
and endothelial damage in hemodialysis,” Contributions to
Nephrology, vol. 161, pp. 83–88, 2008.
G. Garibotto, A. Sofia, V. Procopio et al., “Peripheral tissue
release of interleukin-6 in patients with chronic kidney diseases:
effects of end-stage renal disease and microinflammatory state,”
Kidney International, vol. 70, no. 2, pp. 384–390, 2006.
R. Pouresmaeil, E. Razeghi, and F. Ahmadi, “Correlation of
serum lead levels with inflammation, nutritional status, and
clinical complications in hemodialysis patients,” Renal Failure,
vol. 34, pp. 1114–1117, 2012.
I. Karamouzis, D. Grekas, M. Karamouzis et al., “Enhanced
oxidative stress with a gradient between plasma and muscle
interstitial fluid in patients with end stage renal failure on
hemodialysis,” Hormones, vol. 7, no. 1, pp. 62–69, 2008.
J. W. Groothoff, M. P. Gruppen, M. Offringa et al., “Increased
arterial stiffness in young adults with end-stage renal disease
since childhood,” Journal of the American Society of Nephrology,
vol. 13, no. 12, pp. 2953–2961, 2002.
D. Sollinger, M. G. Mohaupt, A. Wilhelm, D. Uehlinger, F. J.
Frey, and U. Eisenberger, “Arterial stiffness assessed by digital

International Journal of Nephrology
volume pulse correlates with comorbidity in patients with
ESRD,” American Journal of Kidney Diseases, vol. 48, no. 3, pp.
456–463, 2006.
[21] J. N. Cohn, “Arteries, myocardium, blood pressure and cardiovascular risk: towards a revised definition of hypertension,”
Journal of Hypertension, vol. 16, no. 12, pp. 2117–2124, 1998.

5

MEDIATORS
of

INFLAMMATION

The Scientific
World Journal
Hindawi Publishing Corporation
http://www.hindawi.com

Volume 2014

Gastroenterology
Research and Practice
Hindawi Publishing Corporation
http://www.hindawi.com

Volume 2014

Journal of

Hindawi Publishing Corporation
http://www.hindawi.com

Diabetes Research
Volume 2014

Hindawi Publishing Corporation
http://www.hindawi.com

Volume 2014

Hindawi Publishing Corporation
http://www.hindawi.com

Volume 2014

International Journal of

Journal of

Endocrinology

Immunology Research
Hindawi Publishing Corporation
http://www.hindawi.com

Disease Markers

Hindawi Publishing Corporation
http://www.hindawi.com

Volume 2014

Volume 2014

Submit your manuscripts at
http://www.hindawi.com
BioMed
Research International

PPAR Research
Hindawi Publishing Corporation
http://www.hindawi.com

Hindawi Publishing Corporation
http://www.hindawi.com

Volume 2014

Volume 2014

Journal of

Obesity

Journal of

Ophthalmology
Hindawi Publishing Corporation
http://www.hindawi.com

Volume 2014

Evidence-Based
Complementary and
Alternative Medicine

Stem Cells
International
Hindawi Publishing Corporation
http://www.hindawi.com

Volume 2014

Hindawi Publishing Corporation
http://www.hindawi.com

Volume 2014

Journal of

Oncology
Hindawi Publishing Corporation
http://www.hindawi.com

Volume 2014

Hindawi Publishing Corporation
http://www.hindawi.com

Volume 2014

Parkinson’s
Disease

Computational and
Mathematical Methods
in Medicine
Hindawi Publishing Corporation
http://www.hindawi.com

Volume 2014

AIDS

Behavioural
Neurology
Hindawi Publishing Corporation
http://www.hindawi.com

Research and Treatment
Volume 2014

Hindawi Publishing Corporation
http://www.hindawi.com

Volume 2014

Hindawi Publishing Corporation
http://www.hindawi.com

Volume 2014

Oxidative Medicine and
Cellular Longevity
Hindawi Publishing Corporation
http://www.hindawi.com

Volume 2014

