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Background: Several emerging problems of regular hemodialysis (HD) including cardio-
vascular complication or atherosclerosis formation caused by chronic inflammation. Intima-
media thickness (IMT) of the carotid artery can be applied as a marker of atherosclerosis
progression. This study was designed to identify the predictive of IMT progression among
end-stage renal disease (ESRD) subject.

Methods: This cohort study was performed at the Hemodialysis Unit of Dr. Kariadi
Hospital and Telogorejo Hospital Semarang between October 2009 and April 2010. The
study subjects were the ESRD patients with regular HD.

Results: This study enrolled 78 subjects with regular HD, follow-up 6 months. The subjects
which completed the study were divided into two groups that consist of IMT progressive
group (n=53) and IMT non-progressive group (n=12). There were no differences between
two groups according to age, gender, history of diabetes, blood pressure, duration of HD,
urea, creatinine, blood glucose, HbA1C, cholesterol, triglyceride, HDL, uric acid, phosphate,
calcium, homocysteine, and albumin. Subject with high-sensitive C-reactive protein (hsCRP)
level >0.52 mg/L had an IMT progression. There was a correlation between hsCRP and the
thickening of carotid artery wall after 6-month HD (RR=3.6; 95% CI=2.2-22.9). The subject
with hsCRP level >9.00 mg/L after 6-month dialysis progress to thickening of carotid artery
wall of >0.03 mm. There was a correlation between hsCRP level (cut-off point: 9.0 m/L) and
the progression of the carotid artery wall (RR=2.1; 95% CI=1.3-3.37). Statistically, there
was no correlation between IL-6-174 G/C gene and eNOS gene polymorphism with IMT
progression.

Conclusion: hsCRP is a significant predictive of IMT progression at hemodialysis subject.
IL —174 G/C gene and eNOS gene polymorphism are not significant predictive of IMT
progression at hemodialysis subject.
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Introduction
Patients on chronic hemodialysis are at greater risk of morbidity and mortality as
compared with the general populations.'* Among the several associated factors of
atherosclerosis, more attention has been given to the contribution of inflammation
and its consequence in hemodialysis patients.’

The study in Japan population revealed that high levels of high sensitive
C-reactive protein (hsCRP) were predictive of chronic kidney disease (CKD) for

women.” The association between hsCRP and progression of early carotid
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atherosclerosis shows sex differences.® There is an inde-
pendent relationship between hsCRP and both intima-
media thickness (IMT) and ankle-brachial index (ABI) as
measures of subclinical atherosclerosis.” In patients with
stages 2-5 CKD, high serum IL-6 is associated with
a history of cardiovascular disease (CVD) and predicts
incident cardiovascular (CV) events.® The genotype at
the IL-6 to —174G/C polymorphism is associated with
common carotid artery IMT.” Higher concentrations of
IL-6 among those with the GG genotype are associated
with increased plasma concentrations of fibrinogen and
CRP.'° As a result of decreased eNOS level, nitric oxide
(NO) level decreased on endothelial dysfunction.'
Expression of gene eNOS-894T polymorphism reported
a play role on decreased eNOS level.'”

Inflammation exposure in hemodialysis is supposed
due to the type of atherosclerosis progression.'® Carotid
IMT study and endothelial adhesion molecules in the for-
eign general population reported that the risk of myocar-
dial in IMT value >0.82 mm
(0.82—1.2 mm)."* Study of atherosclerosis risk in the com-
munity (ARIC) reported that IMT value
0.01 mm/year in the hypertension population.' There are

infarction increased

increases

not study that evaluated IMT progression associated with
hsCRP, eNOS gene polymorphism, and IL —174 G/C gene
polymorphism in the Indonesian population.

Methods

This cohort study was conducted during sixth month in the
Hemodialysis Unit, Dr. Kariadi Hospital and Telogorejo
Hospital, Indonesia. The subjects which completed the
study were divided into two groups that consist of IMT
progressive group (n=53) and IMT non-progressive group
(n=12) as measure of IMT. The study was approved by the
Ethical of the
Diponegoro University and Dr. Kariadi Hospital (Ethical
Number: 6 6/EC/FK/RSDK/2010). All subjects were given
information regarding this study and signed the informed

Committee Faculty of Medicine,

consent. This study was conducted in accordance with the
Declaration of Helsinki.

The enrollment criteria were age 1870 years, creatinine
clearance <15 mL/min (the Cockcroft-Gault formula), end-
stage renal disease subject on regular hemodialysis, hemodia-
lysis >3 months in a stable condition, routine hemodialysis, the
period of hemodialysis 4 hrs, twice a week. The exclusion
criteria were (1) subject with acute and chronic infections that
are determined based on the presence of leukocytosis in per-
ipheral blood images, (2) subject with chronic diseases

including tuberculosis, hepatitis, and diabetes with injuries
that are receiving treatment, (3) have active autoimmune dis-
ease, (4) get non-steroid anti-inflammatory drugs, (5) subject
with history of stroke.

Complete blood count was measured by flow cytome-
try method (Cell-Dyn Saphire; Abbott Diagnostics
Division, Santa Clara, CA, USA). Serum creatinine (Cr),
uric acid (UA), high-density lipoprotein (HDL), low-
density lipoprotein (LDL), lactate dehydrogenase (LDH),
blood glucose (BG), HbA1C, and Ox-LDL were measured
by the enzymatic method (TMS, Tokyo Boeki Machinery
LTD, Japan). Homocysteine was measured by immunoas-
say method (IMX immunology analyzer, Ensefal Medica
Prima, Jakarta, Indonesia). IL-6 level was measured using
the human IL-6 immunoassay method (Quantikine® HS
Elisa kit; R&D Systems, Inc., Minneapolis, MN, USA).
Plasma levels of hs-CRP were measured by the particle-
enhanced immunoturbidimetric method (TMS, Tokyo
Boeki Machinery LTD, Japan).

IMT was measured by two radiologists at carotid
arteries by B-mode USG (LOGIQ Ultrasound system,
GE Healthcare P6, 2010, type 55,011) at Department of
Radiology, Dr. Kariadi Hospital Semarang. Delta of IMT
was determined based on changes in IMT from the begin-
ning of the study to after 6 months of HD. The progressive
IMT was defined if the delta IMT >0.03 mm. Blood
pressure was classified according to 7th JNC. Diagnosis
of diabetes was defined by the Criteria of the American
Diabetes Association.

Sample collection and DNA

extraction

DNA extraction from blood used QIAmp DNA mini kit
protocol (Qiagen, UK). Isolate of DNA was kept in the
deep freezer (—80°C) until measurement of genotyping.
The G/C polymorphism at position —174 of the interleu-
kin-6 gene was typed by polymerase chain reaction (PCR)
amplification using primer pairs 5'CACTCCACCTG
GAGACGCCT3' and 5'TCCCTCACACAGGGCTCGA
C3’ under standard conditions using 2 mM MgCl,, fol-
lowed by restriction digestion with Nlalll and agarose gel
electrophoresis.

Data analysis

Fisher exact test or Chi-square test was used to compare
the nominal data between two groups. Mann—Whitney test
was used to compare median data between two groups.
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Discriminant analysis was used to classify the progressive
and non-progressive group according to level IL-6 and
hsCRP. The predictive factor to progression IMT was
analyzed used Fisher exact test. Two-sided p<0.05 was
considered as statistically significant. These data were
analyzed by IBS SPPS Version 22.

Result

The participant rate at re-examination was 83.33%. Table 1
shows the baseline characteristics of the study population.
The mean age was 49.8 (SD+10.48) years. The duration of
HD was 2.2 (SD+2.7) months. Mostly, the subject had no
history of DM, edema, and ascites. The level of glucose,
cholesterol, triglyceride, and HDL was mostly normal.

After 6-month follow-up, the subjects which completed
the study (n=65) were classified into the IMT progressive
group (n=53; 81.5%) and IMT non-progressive group
(n=12;18.5%) (Table 2). There were no differences
between two groups according to age, gender, history of
diabetes, blood pressure, duration of HD, urea, creatinine,
blood glucose, HbAI1C, cholesterol, triglyceride, HDL,
uric acid, phosphate, calcium, homocysteine, and albumin.

The discriminant analysis was done to distinguish the
subjects into the progressive and non-progressive group
according to hsCRP and IL levels (Table 3). The
Canonical Discriminant Function Coefficients of IL-6
and hsCRP were 0.6 and 0.8, respectively. There was
a correlation between IMT and low levels of hsCRP (coef-
ficient correlation=0.31; p=0.01). Correlations between
IMT and levels of IL-6 were low (coefficient correla-
tion=0.36; p=0.003). The canonical discriminant function
coefficients of hsCRP were higher than IL-6. hsCRP level
can be used to classify the progressive and non-
progressive group significantly.

ROC analysis of hsCRP showed that the area under
curve was 0.76 (p=0.006). This showed that hsCRP levels
at the beginning of the study can be used to predict an
increase in IMT after 6 months of HD. In these ROC
analyses, it was also known that the hsCRP cut-off point
for the thickening of IMT was 0.52 mg/L. The area under
the ROC curve of the hsCRP level to predict the occur-
rence of wall thickening a. internal carotid >0.03 mm in 6
months HD was 0.67. This showed that hsCRP with cut-
off point 0.9 can be used to predict progression >0.03 mm.

Table 4 shows that subject with hsCRP level >0.52 mg/
L has an IMT progression, but not at the subject with
hsCRP levels <0.52 mg/L. There was a correlation
between hsCRP and the progression of carotid artery

Table | Characteristic and history of the study population

Variable Mean (SD) n=78 (%)
Age (year) 49.8+10.5

Sex

- Man 58 (74.4)
- Woman 20 (25.6)
Duration of HD (year) 22427

History of diabetes mellitus

- Yes 15 (19.2)
- No 63 (80.8)
History of edema

- yes 3 (3.8

- no 75 (96.2)
History of ascites

- Yes 10 (12.8)
- No 68 (87.2)
Glucose level (mg/dL)

>126 22 (28.2)
<126 56 (71.8)
Cholesterol (mg/dL) 143.9+31.4

Cholesterol level (mg/dL)

>200 338
<200 75 (96.2)
Triglyceride (mg/dL) 123.7+61.7

Triglyceride level (mg/dL)

>150 16 (20.5)
<150 mg/dL 62 (79.5)
HDL (mg/dL) 32.3%10.1

HDL level

>35 mg/dL 51 (65.4)
<35 mg/dL 27(34.6)

Abbreviations: HD, hemodialysis; HDL, high-density lipoprotein.

wall after 6-month dialysis (RR=3.6; 95% CI=2.2-22.9).
The subject with hsCRP levels >0.50 mg/L has a risk to
develop the IMT progression of 3.6 times. The subject
with hsCRP level >9.0 mg/L after 6-month dialysis pro-
gress to carotid artery wall >0.03 mm. There was
a correlation between hsCRP (cut-off point=9.0 mg/L)
and the progression of the carotid artery wall (RR=2.1;
95% CI=1.3-3.37). The subject with levels of hsCRP >0.9
has risk progression of artery wall 2.1 times.

PCR analysis showed 3 subjects (4.65%) with IL-6
—174 G/C gene polymorphism and 15 subjects (23.1%)
with eNOS gene polymorphism. The subject only has
a single polymorphism gene, no subject with double gene
polymorphism. Three subjects have IL-6 —174G/C gene
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Table 2 Factors that affect the IMT in progressive and non-progressive

Variable IMT classification P
Progressive (n=53) Non-progressive (n=12)

Age (year) 50.1+10.5 49.2+12.9 0.80"

Gender

- Male 42 (64.6%) 10 (15.4%)

- Female I (16.9%) 2 (3.1%) 1.00¥

History of diabetes; n (%)

- Yes 11 (14.1%) 2 (2.6%)

-No 53 (64.6%) 12 (18.5%) 0.40%

Blood pressure; n (%)

e Normal 6 (9.2%) 0 (0.0%)

® Borderline 13 (20.0%) 3 (4.6%)

e Hypertension 34 (52.3%) 9 (13.8%) 0.50°
Duration of HD (month) 18 (6.5-30.0) 12 (6.6-25.3) 0.64*
Urea pre HD (mg/dL) 147 (126.3-173.1) 152 (116.0-199.6) 0.87*
Urea post HD (mg/dL) 57.0 (44.3-78.6) 58 (47.0-57.0) 0.97*
Creatinine pre HD (mg/dL) 14.0 (11.7-100.8) 16.8 (11.4-134.0) 0.54*
Creatinine post HD (mg/dL) 5.7+1.85 5.9+1.70 0.80"
URR (%) 62.5 (55.5-66.7) 63.0 (57.0-67.0) 0.69*
Blood Glucose (mg/dL) 96.0 (88.3—120.3) 108 (88.0—146.0) 0.19%
HbAIC (%) 5.7 (52.-5.9) 5.5 (5.0-6.0) 0.92*
Cholesterol (mg/dL) 145.6+29.4 152.0+38.5 0.50"
Triglyceride (mg/dL) 110.5(96.5—-142.5) 103 (85.0-159.0) 0.69*
HDL (mg/dL) 32.0 (27.5-38.0) 30 (26.0-40.0) 0.67*
Uric acid (mg/dL) 7.9+2.6 8.0+1.6 0.90
Phosphate (mmol/L) 6.1£2.2 5.3%1.2 0.20
Calcium (mmol/L) 8.8+0.8 8.6+0.5 0.40"
Homocystein (umol/L) 23.9 (19.4-29.9) 23.5 (18.7-31.7) 0.97*
Albumin (gr/dL) 3.6 3,442 3.9 (3,34,5) 0.50%*
IL-6 (pg/mL) 2.98 (0.9-7.0) 10.32(1.1-59.2) 0.03*
hs-CRP (mg/L) 1.99 (0.4-7.1) 11.03(0.2-59.9) 0.006*

Notes: ¥Fisher exact test, $Chi-square test, “Unpaired t-test, *Mann-Whitney test (median, interquartile).
Abbreviations: URR, urea reduction ratio; HD, hemodialysis; IMT, intima-media thickness.

polymorphism, and two subjects have IMT progression.
Statistically, there was no correlation between polymorph-
ism IL-6-174 G/C gene and the eNOS gene with the
progression of IMT.

Discussion

In this study, the majority of ESRD HD patients (81.5%)
were categorized as progressive IMT. Szeto et al (2007)
reported the same result in the Chinese population with
a lower incidence of 59.6%."* The mean age on progres-
sive group subjects was 51£9.3 years old which is older
than on non-progressive group 49.3+12.9 years old. Hojs
et al (2003) reported that cardiovascular mortality in
ESRD patients was 10-20 times higher than in the general
population.'® Most of the progressive group had a history
of diabetes (16.9%) with normal HbAIC. In the

progressive group, the level of pre-dialysis area was higher
than the non-progressive group. Uremia is an additive risk
factor in those subjects who have raised carotid IMT."”
The prevalence of diabetes mellitus in productive age
urban Indonesians was 4.6%, consisting of 1.1% pre-
viously diagnosed diabetes mellitus and 3.5% undiagnosed
diabetes mellitus.'®

Discriminant analysis showed the only hsCRP could be
used to classify into the progressive and non-progressive
groups. The subject with levels of hsCRP >0.9 has risk
progression of artery wall 2.1 times. Another study
showed that hsCRP levels of >2.0 mg/L were associated
with increased IMT, plaque burden, and plaque echolus-
cency in carotid arteries. hsCRP levels >2.0 mg/L were
accompanied by elevated IMT in the carotid bulbs inde-
pendently of other cardiovascular risk factors.'”
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Table 3 The discriminant analysis to classify the progressive and
non-progressive group

Variable | Canonical Wilks Percentage case
Discriminant Lambda | with right
Function classification
Coefficients

hsCRP 0.8 0.936 61.5%

(mg/L) (p=0.04)

IL-6 (pg/ 0.6 0.957

mL) (p=0.98)

Table 4 The risk factor for IMT progression in the study
population

Variable Category of IMT P RR (95%
progression Cl)

hsCRP, cut-off Get Stable

point 0.52, mg/ | thicker

L

>0.52 51 (78.5%) | 6 (9.2%) <0.001% | 3.6

<0.52 2 (3.1%) 6 (9.2%) (1.1-11.9)

hsCRP, cut-off | >0.3 mm <0.3 mm

point 9.0, mg/L

>9.0 15 (23.1%) | 5 (7.7%) 0.003* | 2.1

<9.0 16 (24.6%) | 29 (44.6%) (1.3-3.37)

IL- 174G/C Progressive | Non pro-

gene poly- gressive

morphism 2 (3.1%) I (1.5%) 0.5¢ 0.8

Positive 51 (82.3%) | Il (17.7%) (0.4-1.80)

Negative

eNOS gene Progressive | Non pro-

polymorphism gressive

Positive 13 (86.7%) | 2 (13.3%) 0.728 1.08

Negative 40 (80.0%) | 10 (20.0%) (0.85-1.38)

Note: SFisher exact test, *Chi-square test.
Abbreviation: IMT, intima-media thickness.

This study showed that hsCRP level was predictive to
develop IMT progression on hemodialysis subject. The sub-
ject with hsCRP level >9.00 mg/L after 6-month dialysis
progress to thickening of carotid artery wall of >0.03 mm.
The increasing of carotid IMT is considered a marker of
early-onset atherosclerosis, and it seems to predict cardio-
vascular events in general population. IMT in early-stage
CKD patients was related to coronary calcification, but not
with the occurrence of cardiovascular events or death.*
There was an independent relationship between hsCRP and
both IMT as measures of subclinical atherosclerosis. The
association between hsCRP and the progression of early
carotid atherosclerosis shows sex differences. In further stu-
dies analyzing the role of inflammation for cardiovascular

diseases and atherosclerosis, these sex differences should be
considered.® Both low serum albumin and high hsCRP levels
were predictive of CKD for the woman.’

IL6 —174G/C gene polymorphism has an impact on IL-
6 transcription to increase IL-production. In this study
there is 2 subject detected IL6 —174G/C gene polymorph-
ism at IMT progression group. Polymorphism IL —174 G/
C gene was not significantly predictive of IMT progression
at HD subject. This study showed 15 subjects positive of
eNOS gene polymorphism, mostly in the IMT progression
group. eNOS gene polymorphism has a correlation with
low NO level. Several studies confirmed that eNOS gene

polymorphism influenced eNOS activity.?'*?

Conclusion

The level of hsCRP is a significant predictive of the IMT
progression at hemodialysis subject. IL 174 G/C gene and
eNOS gene polymorphism are not significantly predictive
of the IMT of progression at hemodialysis subject.
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