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ABSTRACT
Aim To investigate an impact of Fetuin-A Thr256Ser gene
polymorphism on the mortality rate of chronic kidney disease on
maintenance haemodialysis patients in Indonesia.
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Methods This is an analytic-longitudinal observational study
using survival analysis with nine-month follow up on 106 maintenance haemodialysis patients. The PCR-RFLP is used to determine Fetuin-A Thr256Ser gene polymorphism and Fetuin-A serum
level measured by using ELISA methods. We use time-independent cox regression analysis to investigate factors that contribute
to patient survival.
Results The mean survival time of this study is 8.49±1.53 months,
with a median survival of 9 months (range 1-9 months). Among
12 (11.3%) deceased patients, most of them carried GG genotype
with 8.87 times risk of mortality compared to those with CC+CG
genotype (p=0.005). The group of patients with IL-6 level ≥86.9
pg/mL had higher mortality with 3.64 times greater risk compared
to those with IL-6 level, <86.9 pg/mL (p=0.03).
Conclusion This study revealed a significant dominance independent impact of the Fetuin-A Thr256Ser gene polymorphism on the
survival rate of maintenance haemodialysis patients. These results
suggest that genotype variation of Fetuin-A gene could be a potential marker to identify high mortality risk in Indonesia’s maintenance haemodialysis patients, especially in Medan.
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INTRODUCTION
The mortality of patients on haemodialysis is
30 times higher compared to the general population. The prevalence and extent of vascular
calcification is a strong predictor for cardiovascular disease and all-cause mortality in chronic
kidney disease (CKD) patients on maintenance
haemodialysis. The mechanism remains unclear, but recently, the concern is focused on the
potential role of Fetuin-A serum (1).
Fetuin-A is a glycoprotein coded by the Fetuin-A
gene. The human Fetuin-A gene lies in the 3q27
chromosome. The AHSG molecule has three
structural domains, i.e. two cystatin-like domains
in a tandem arrangement that are encoded by
three exons and unique carboxyl-terminal domain encoded by the last exon (2). Fetuin-A gene
SNP may be in promoter, intron or exon. The
SNP rs4918 is located on the seventh exon and
functions as a code for the Thr256Ser amino acid.
This gene is the most common SNP analyzed for
their relation with vascular calcification (3).
High Fetuin-A plasma concentration is related to
metabolic syndrome and atherogenic lipid profile. Meanwhile, a lower level of Fetuin-A is associated with inflammation and vascular calcification (4). A study by Ketteler et al. on 312 chronic
haemodialysis patients revealed that patients
with a low level of serum Fetuin-A show worse
prognosis compared to those with a normal-high
level of serum Fetuin-A (5). Mehrotra suggests
that a low level of serum Fetuin-A is most likely
due to an inflammatory process caused by uremia. Because of this reason, Fetuin-A is considered as a negative acute phase reactant (6).
The magnitude reduction of Fetuin-A level in
inflammation is also affected by genetic predisposition. A study by Stenvinkel et al. revealed
that patients who carried 256Ser allele had lower
Fetuin-A level compared to those with 256Thr
allele, concluding that Fetuin-A Thr256Ser genetic variation has a significant impact on mortality and lower level of Fetuin-A level (7). On
the other hand, Verduijn et al. proved that Thr256Ser gene polymorphism only had less effect
on mortality risk in end-stage renal disease (8).
Due to this contradiction, we are interested in
investigating the impact of Fetuin-A Thr256Ser
gene polymorphism on the survival rate of maintenance haemodialysis patients in Indonesia.

METHODS
Patients and study design
In this prospective study, nine months of follow up
on 106 patients who underwent maintenance haemodialysis in Rasyida Renal Special Hospital (Medan,
Indonesia) were analyzed using a specific study design
for survival analysis. Patients with age of ≥18 years
on maintenance haemodialysis for at least 30 months,
who agreed to undergo a blood test and follow up,
were included in this study. The patients with a loss to
follow up or with emergency and hospitalization were
excluded from this study.

The investigation was approved by the Health
Research Ethical Committee of Medical School
of Universitas Sumatera Utara/H. Adam Malik
General Hospital.
Methods
The patients’ medical records and interviews were
used to obtain data of age, haemodialysis duration, and
history of previous illness. Body Mass Index (BMI)
was calculated by dividing weight in kilograms by
the square of the height in meters. The Interleukin-6

level was measured using the turbidimetry method (Architect Multiagent CRP Harmonization
6K26-30, Indonesia). Calcium was performed by
measuring serum level based on the cresol phthalein complex one method (ADVIA 03932883
RevA, Indonesia), phosphate was performed by
measuring level based on the phosphomolybdate
method (ADVIA 024220623 Reva, Indonesia),
while albumin level was performed by measuring serum level based on the bromcresol green
(Architect 7D5322, Indonesia).
AHSG analysis was performed by measuring
serum level based on the enzyme-linked immunosorbent assay (ELISA) technique (Qayee Bio
Vendor Human Fetuin-A ELISA, Shanghai).
The DNA extraction was examined by polymerase chain reaction (PCR) technique (Esco
Swift TM Maxi Thermal Cycler, Singapore).
DNA extracted from blood leukocytes from the
whole blood taken from the purity and concentration of genomic DNA extract was determined using a spectrophotometer 1000 nanodrop
ThermoScientific(Thermo Fisher Scientific,
USA). The PCR-RFLP technique was used to detect the Thr256Ser gene.
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Statistical analysis
Data distribution was tested for normality by
using the Kolmogorov Smirnov test. Numerical
data were represented in mean±SD or median
depended on its distribution, while categorical
data were represented in numbers (percentages).
If the variable was categorical and numerical,
the T-test independent or Mann Whitney U test
was used. In the case of two categorical variables, the χ2 test was used. The impact of various
characteristics on mortality was analyzed with
Kaplan-Meier Survival Curves. The relative risk
of mortality was determined with univariate and
multivariate cox regression analysis. The p <0.05
was considered statistically significant.
RESULTS
From 106 patients, 65 (61.3%) were male, with
the age range 21-78 years (the mean of 53.89 ±
11.44). Most of the patients have been on haemodialysis for 69.44 ± 34.57 months (range
34-237). Hypertension was the most common
comorbidity, 76 (71.7%), followed by diabetes,
cardiovascular disease, and stroke. The average
BMI was overweight (24.22 ± 4.09 kg/m2).
From laboratory findings, the median of calcium,
phosphate, and albumin level was 9.80 mg/dL,
5.50 mg/dL, and 3.9 mg/dL, respectively. Using
ELISA, the median of Fetuin-A and IL-6 concentration was 235.0 pg/mL (range 78–756) and 70.7

pg/mL (range 25.4–898.0), respectively, with the
average of 259.99 ± 119.36 pg/mL and 99.64 ±
115.51 pg/mL, respectively.
The restriction enzyme analysis (SacI) on the
Fetuin-A gene showed the C Allele did not contain the SacI enzyme. Thus it was not cut off as
405 bp fragment, while G allele containing SacI
enzyme was cut off as 193 and 212 bp fragment.
Through PCR-RFLP, distribution frequency of
3 Fetuin-A gene genotypes was obtained 46.2%
for Thr/Thr (C homozygous allele/genotype CC),
50.9% for Thr/Ser (G heterozygous allele/CG genotype) and 2.8% for Ser/Ser (G homozygous
allele/ GG genotype).
Survival on chronic haemodialysis patients
During nine months of follow up, 12 (11.3%) patients did not survive, while 94 (88.7%) survived
until the end of the research. The mean survival
of patients since the begging of the study was
8.49±1.53 months (a median of 9 months; range
1-9 months).
Impact of various factors on nine months survival
rate
A distinction of proportion between the patients
who were still alive with those who did not survive was found. Among 12 deceased patients, most
of them carried GG genotype with 8.87 times
mortality risk compared to those with CC+CG
genotypes (p=0.005). IL-6 level significantly
affected the proportion of mortality in patients.
The group of patients with IL-6 level ≥86.9 pg/
mL had a higher mortality rate with 3.64 times
mortality risk compared to those with IL-6 level
of <89.6 pg/mL (p=0.03). Even if the difference of proportion was statistically insignificant
(p≥0.05), among 12 deceased patients, more of
them had Fetuin-A level <235 pg/mL, with 3.36
times mortality risk compared to those with Fetuin-A level ≥235 pg/mL (p=0.07). Besides, there were more of them with albumin level <3.9
mg/dL, with 3.04 times mortality risk compared
to those with albumin level albumin ≥3.9mg/dL
(Table 1).
All patients (100%) with CC genotype were still
alive until this research ended, while many patients with GG genotype were dead (Figure 2).

Figure 1. Frequency of distribution of Fetuin-A Thr256Ser gene
polymorphism based on life status
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The Kaplan-Meier curve of 9 months survival
rate for maintenance haemodialysis patients ba-
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Table 1. Comparison of maintenance dialysis patients based on
life status and univariate cox regression for mortality risk factor
Life status
Variable

Survive
(n=94)

Dead
(n=12)

Polymorphism, n (%)
CC+ CG
Genotype
GG Genotype
Vascular
calcification

HR
(95% CI)

Model
p

8.87
0.005
(1.94-40.58)
93 (90.3)

10 (9.7)

1 (33.3)
6.1 ± 5.7
6 (0-22)

2 (66.7)
10.25 ± 6.3
11 (0-18)

Table 2. Multivariate Cox Regression time independent
analysis result

2.28
0.29
(0.50-10.40)

No calcifica30 (93.8)
2 (6.2)
tion
Calcification
64 (86.5)
10 (13.5)
Fetuin-A
265.9 ± 124.5
213.6 ± 47.5
3.36
0.07
(pg/mL)
238.5 (78 – 756) 217.5 (113 – 300) (0.91-12.40)
≥235
74 (91.4)
7 (8.6)
<235
20 (80.0)
5 (20.0)
97.7 ± 118.6
115.1 ± 90.3
3,64
IL-6 (pg/mL)
0.03
69.5 (25.4 – 898) 91.2 (48.2 – 386) (1.16-11.48)
<86.9
69 (93.2)
5 (6.8)
≥86.9
25 (78.1)
7 (21.9)
Albumin
3.9 ± 0.3
3.8 ± 0.5
3.04
0.07
(mg/dL)
3.9 (3.2 – 4.9)
3.7 (2.9 – 4.8) (0.91-10.09)
≥ 3.9
58 (93.5)
4 (6.5)
< 3.9
36 (81.8)
8 (18.2)
Calcium
9.7 ± 0.7
9.8 ± 0.8
0.94
0.92
(mg/dL)
9,8 (8.0 – 10.9) 9.8 (8.2 – 10.8) (0.30-2.96)
≤9.5
38 (88.4)
5 (11.6)
>9.5
56 (88.9)
7 (11.1)
Phosphate
5.4 ± 0.6
5.5 ± 0.7
1.68
0.38
(mg/dL)
5.4 (4.0 – 6.8)
5.7 (4.2 – 6.8) (0.53-5.28)
≤5.5
52 (91.2)
5 (8.8)
>5.5
42 (85.7)
7 (14.3)
1.36
Age (year)
53.5 ± 11.8
56.6 ± 8.3
0.60
(0.43-4.28)
<60
61 (89.7)
7 (10.3)
≥60
33 (86.8)
5 (13.2)
Duration
68.1 ± 34.8
79.9 ± 32.5
1.62
of dialysis
0.41
54.5 (34 - 237) 78.5 (40 - 146) (0.51-5.09)
(months)
<60
52 (91.2)
5 (8.8)
≥60
42 (85.7)
7 (14.3)
Diabetes
0.03
0.25
mellitus
No
71 (85.5)
12 (14.5)
(0.00-10.69)
Yes
23 (100.0)
0 (0.0)
24.3 ± 4.2
23.6 ± 3.6
1.28
BMI (kg/m2)
0.69
23.8(16.7 – 42.7) 22.1 (18.4 – 30.3) (0.38-4.24)

1

2

3
4

Variable
IL6 level(≥86,9 pg/mL)
Fetuin-A level(<235 pg/mL)
Albumin level (< 3.9 mg/dL)
Fetuin-A gene polymorphism (GG
genotype)
IL6 level (≥86,9 pg/mL)
Fetuin-A gene polymorphism (GG
genotype)
Albumin level(< 3.9 mg/dL)
IL6 level (≥86,9 pg/mL)
Fetuin-A gene polymorphism (GG
genotype)

HR

95% CI

p

4.15 0.83-20.77 0.08
0.50 0.09-2.85 0.43
2.18 0.61-7.79 0.23
4.12 0.65-26.26 0.13
2.62

0.75-9.11 0.13

3.25 0.59-12.81 0.18
2.21
2.83

0.61-7.89 0.22
0.82-9.77 0.10

4.64 0.90-23.95 0.07

Fetuin-A gene polymorphism (GG
8.87 1.94-40.58 0.005
genotype)

HR, Hazard Ratio; 95% CI, Confidence Interval;

Various factors contribute in 9 months survival
rate
To find out the risk factors that contribute to
9-month survival rate, multivariate analysis
with Cox Regression Time Independent using a
backward wald method was performed, including variable with p ≤0.25 on previous bivariate
analysis: Fetuin-A gene polymorphism, Fetuin-A
level, IL-6 level, and albumin level. The analysis revealed that Fetuin-A gene polymorphism
(GG genotype) showed a dominant impact on the
mortality of maintenance haemodialysis patients
with Hazard Ratio, HR=8.87, and p=0.005. The
magnitude of Fetuin-A gene polymorphism impact on mortality of maintenance haemodialysis
patients motivated us to analyze patient characteristics based on Fetuin-A gene polymorphism.
The patients with CC genotype were more likely
to have diabetes mellitus, 19 (82.6%), with the

Underweight27 (87.1)
4 (12.9)
normal
Overweight67 (89.3)
8 (10.7)
obese
HR, Hazard Ratio; 95%CI, Confidence Interval; BMI, body mass
index

sed on Fetuin-A genotype in 106 patients showed
that patients with CC genotype had the highest
cumulative survival rate at the end of the research, while patients with GG genotype had
the worst survival rate compared to the other
(p<0.001).

Figure 2. Kaplan-Meier Curve of 9-month survival rate in
maintenance dialysis patients based on Fetuin-A genotype
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highest level of Fetuin-A (mean 319.1 ± 147.8
pg/mL and median 266.0 pg/mL), with the lowest mean of IL-6 level (61.2 ± 34.3 pg/mL), and
also the highest mean (4.0 ± 0.3 mg/dL) and median (4.0 mg/dL) of albumin level compared to
other genotypes. On the contrary, the group of
patients with GG genotype were less likely to
have diabetes mellitus (p<0.001), had the lowest
mean and median of Fetuin-A level (p<0.001),
the highest mean of IL-6 (p<0,001), and also the
lowest mean and median of albumin (p=0,006)
compared to other Fetuin-A genotype (Table 3).
Table 3. Maintenance dialysis patients characteristics based
on Fetuin-A gene polymorphism
Variable
Age (Years),
mean±SD, median
(range)

Fetuin-A Thr256Ser gene
polymorphism
CC (n= 49)

CG (n=54)

GG (n=3)

55.4 ± 11.0
51.0
(8 – 71)

52.7 ± 11.7
57.5
(21 – 75)

50.0 ± 14.0
44
(40 – 66)

Diabetes mellitus
30 (36.4)
19 (82.6)

BMI (kg/m2),
mean±SD, median
(range)

24.7 ± 4.0
24.0
(18–41.4)

Overweight-obese

0.50
<0.001

No
Yes

BMI
Underweightnormal

p

50 (60.2)
4 (17.5)

3 (3.6)
0 (0.0)

23.7 ± 4.1
29.0
23.1
(18.4–29.3)
(16.7–42.7)

0.20
0.17

33 (44.0)

41 (54.7)

1 (1.3)

16 (51.6)

13 (41.9)

2 (6.5)

Fetuin-A (pg/mL), 319.1 ± 147.8
216.5
mean±SD, median
266.0
(111 – 328)
(range)
(184–756)

120.3 ± 4.5
113.0
<0.001
(78 – 170)

IL-6 (pg/mL),
mean±SD, median
(range)

61.2 ± 34.3
61.0
(38 – 237)

68.8 ± 35.7
53.0
(34 – 224)

74.3 ± 26.7
62
<0.001
(56 – 105)

Albumin (mg/dL),
mean±SD, median
(range)

4.0 ± 0.3
4.0
(3.3 – 4.9)

3.9 ± 0.3
3.9
(3.2 – 4.8)

3.4 ± 0.5
3.5
(2.9 – 3.8)

0.006

DISCUSSION
The results of this study have shown a significant independently dominant impact between
Fetuin-A Thr256Ser gene polymorphism and the
survival rate of maintenance haemodialysis patients. We found mortality rate for nine-month
follows up was around 11.3%. This rate is lower
compared to the survey by Sibarani et al. in 2018,
with a 36.6% one-year mortality rate (10). Unfortunately, this mortality rate is higher than in
developed countries. In Japan, one-year mortality
rate in 2009 is reported only at 9.6% (11). Although haemodialysis technique and the facility
have been developed in Indonesia, the mortality
rate remains high among chronic haemodialysis
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patients. Several circumstances are thought to
cause a high mortality rate in chronic haemodialysis patients in Indonesia compared to those
in a developed country, such as the difference in
demographic characteristics, referral pattern, and
haemodialysis pattern in practice (12,13).
During nine months of follow-up, the survival rate
from this research was 88.7%. The mean survival
of chronic haemodialysis patients is about 5-10
years (10). In European countries over the past
decade, the five-years survival of haemodialysis
patients has been improved (10). Two years of
survival of haemodialysis patients in Europe increased from 80.6% to 82.2% between 2006-2010
(14). According to the United States Renal Data
System 2015, five years of survival rose from 35%
to 40% among haemodialysis patients and 75% to
87% among donor transplant patients (15).
Generally, the high risk of mortality and morbidity
of cardiovascular disease (CVD) in CKD correlate
with a high prevalence of classical risk factors (16).
Some factors related to uremia also play critical
roles such as hypoalbuminemia, inflammation, and
vascular calcification (VC) that correlate with a
low level of Fetuin-A.(17). Weng et al. have shown
that a group of patients in chronic haemodialysis
with albumin serum level <4.0 g/dL had a higher
mortality rate caused by infection and CVD (18).
Amaral et al. have also shown that a decrease in
mortality and hospitalization risk occurred in patients with albumin serum level ≥3.5 g/dL and the
lowest mortality risk when albumin serum level
≥4.0 g/dL (19). Even more, De Mutsert et al. study
on 700 patients in 38 haemodialysis centres in the
Netherlands revealed that the decrease of 1 g/dL
albumin serum correlates with a 47% increase in
mortality risk (20). Albumin plasma concentration
below 4 g/dL correlates with a higher mortality rate,
whereas the rate was higher if the concentration
was below 3 g/dL (21). In line with the previous
study, the present study shows that patients with albumin level <3.9 mg/dL have a 3.04 times mortality risk compared to those with albumin level ≥3.9
mg/dL, though this implication is dependent since
multivariate analysis showed no correlation.
Systemic inflammation is commonly found in
CKD patients with maintenance haemodialysis
(22). A study by Beberashvili et al. has shown
chronic inflammation marked with an increased
level of IL-6 correlate with all-cause mortality in
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stable chronic haemodialysis patients (23). Research by Honda et al. observed albumin serum,
CRP, IL-6, and Fetuin-A showing the same result. They proved that an increased level of IL-6
was a better mortality predictor compared to hsCRP (24). The same effect is seen in this study,
with the mortality rate of patients with IL-6 level
<86.9 pg/mL higher compared to those whose
IL-6 level ≥86.9 pg/mL.
Inflammation is also the leading cause of the
low level of serum Fetuin-A in CKD patients on
maintenance haemodialysis. A study by Stenvinkel et al. proved that there was a significant negative correlation between the Fetuin-A level and
IL-6 level (7). In line with this finding, Metry et
al. found that a low level of Fetuin-A correlated
with mortality in chronic haemodialysis patients
(25). In a study by Marechal et al. the same conclusion is seen where a low level of Fetuin-A correlated with aortic calcification and could predict
mortality risk of a patient who had undergone
renal replacement therapy (26).
Fetuin-A is also called a negative acute phase
reactant due to its concentration in circulation
decreasing in acute and chronic inflammation,
as seen in CKD patients with maintenance haemodialysis (7). Previous studies and this study
proved that patients with chronic haemodialysis had a lower level of Fetuin-A compared to
healthy control (27). As IL-6 increases and the
level of Fetuin-A decreases, the patient survival
rate will decline. Ketteler et al. also proved that a
low level of Fetuin-A could predict an increase in
mortality due to CVD in haemodialysis patients.
Their study suggests that deficiency of Fetuin-A
contributes to declining of vascular wall elasticity, which is an early sign of uremic vasculopathy
and CVD risk factor in CKD patients on maintenance haemodialysis (28,29).
According to Honda et al. the cut-off value of
Fetuin-A 0.19 g/L could predict haemodialysis
patient’s mortality with sensitivity/specificity
around 64.3%/68.7%. The lower Fetuin-A level,
the sooner death will occur, and an increase of
0.1 g/L will decrease all-cause mortality around
13% (1). However, Blaha et al. study revealed a
small difference; they proved that a low level of
circulating Fetuin-A was a significant predictor
of early mortality, but not for late mortality in patients with chronic haemodialysis. A significantly

lower level of Fetuin-A was found in the deceased
patients compared to a patient who survived until the 12th month. However, for the patient who
did not survive until the 24th month, the Fetuin-A
level showed no significant difference between
the deceased patient and alive patient (1).
In an attempt to prove the mechanism of increased mortality risk in chronic haemodialysis
patients, restriction enzyme analysis is used to
detect Fetuin-A Thr256Ser gene polymorphism.
Genetic alteration is thought to be the essential
cause of the low level of circulating Fetuin-A. In
Maharem et al. study, a statistically significant
correlation between Fetuin-A Thr256Ser gene
polymorphism and Fetuin-A serum level where
patients with G allele had lower Fetuin-A level
compared to those with CC genotype was found
(17). It is also reported that chronic haemodialysis patients carrying allele 256ser have a lower
level of Fetuin-A compared to those who carry
256thr allele. This high level of inflammation in
these patients causes higher mortality risk compared to patients in chronic haemodialysis with
a 256Thr allele with signs of inflammation (25).
This study proved that Fetuin-A Thr256Ser gene
polymorphism showed a statistically significant
association with survival of chronic haemodialysis patients. Even more, multivariate analysis
revealed that Fetuin-A Thr256Ser gene polymorphism (GG genotype) was an independent dominant factor influencing chronic haemodialysis patient’s mortality with the HR of 8.87 times. The
mechanism of high mortality caused by the GG
genotype remains unclear whether it is caused by
race so that the GG genotype becomes lethal in
Indonesia or because of selection bias in choosing the study sample. Our patient with GG genotype had a low Fetuin-A level and albumin level
median, as well as a high mean of IL-6 (Table 3).
Maybe these conditions cause increased mortality in our patients. Stenvinkel et al. first reported
that Thr256Ser gene polymorphism, such as Ser/
Ser (G allele) in the Fetuin-A gene, increased the
risk of CVD mortality associated with a low level
of Fetuin-A in Swedish chronic haemodialysis
patients (7). The mechanism of low Fetuin-A
level caused by the GG genotype in the Fetuin-A
gene remains unclear. Because the SNP rs4918
position lies in exon, it does not influence the
production of Fetuin-A directly. In another case,
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SNP rs2248690 lies in the promoter, where it
directly modified the Fetuin-A transcription by
changing AP-1 affinity. However, another study
suggests that SNP rs2248690 and SNP rs4918
have linkage disequilibrium, which had the potential to interfere with DNA binding in some
transcription factors (TFs), including AP-1 and
Erα. A study has proved that the transcriptional
complex consists of ERα and AP-1contributes to
Fetuin-A transcription (3).
This study revealed that there was a significant
independently dominant impact between FetuinA Thr256Ser gene polymorphism and the survival rate of chronic dialysis patients. The results

suggest that genotype variation of Fetuin-A gene
could be a potential marker to identify high mortality risk in Indonesia’s maintenance dialysis
patients, especially in Medan. With early control
of factors related to Fetuin-A genotype variation,
the survival rate of CKD patients undergoing dialysis should improve.
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