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Abstract. Thrombosis is the leading cause of mortality in chronic kidney disease (CKD)
patients. The risk of thrombosis in CKD is related to increase of coagulation activity. The
Thrombin Antithrombin complex (TAT complex) is a sensitive marker of thrombosis. The
mechanism of occurrence of thrombosis in CKD is closely related to indoxyl sulfate uremic
toxin. This study was conducted to see the correlation of TAT complex with indoxyl sulfate
in CKD patients. A cross-sectional, analytic observational study conducted in stage 3-5
non-dialysis CKD patients at Dr. M. Djamil Padang Hospital. Of the 30 samples, there was
a significant increase (p <0.05) of the mean levels of TAT complex and indoxyl sulfate
respectively 12.61 + 2.49 ng / ml and 4.70 = 1.96 mg / dl compared to their normal values
(0.5-10 ng / ml and 1.86 + 0.30 mg / dl). There was a significant positive correlation
between TAT complex and indoxyl sulfate levels (p <0.05; r = 0.52). There was an increase
in TAT complex levels in CKD patients which indicated an increase in
coagulation/thrombosis activity. Increased levels of indoxyl sulfate in CKD patients
indicate the occurrence of accumulation of uremic toxins. The more increasing levels of
indoxyl sulfate, the more increases the TAT complex level. The more accumulated the
uremic toxin, the more coagulation/thrombosis activity increased. There was a significant
increase in the level of TAT complex and indoxyl sulfate, and there was a significant
positive correlation with moderate degree of TAT complex with indoxyl sulfate levels in
CKD patients.
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1 Introduction

Coagulation is part of hemostasis process in order to maintain blood circulation system after
vascular injury occurred. Chronic Kidney Disease (CKD) has been a global issue with high
morbidity and mortality related to hemostasis disorder[1].

The manifestation of hemostasis disorder in CKD could be in two opposite condition,
bleeding in one hand and thrombosis in the other hand. However, thrombosis has been known
to play an important role in cardiovascular complication which caused death in CKD
patients[1][2].

Meanwhile, Wattanakit K et al [3] in Longitudinal Investigation of Thromboembolism
Etiology (LITE) study, found a higher risk of vein thromboembolism, 1.28 times higher in
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patient with mild renal insufficiency (GFR 60-90 ml/minute/1,73m?) and 2,09 times higher in
patients with CKD stage 3 or 4 (GFR 15-60 ml/minute/1,73m?). Ocak G et al. [4] in his study
found a higher risk of venous thromboembolism, 2,5 times higher in a patient with moderate
renal insufficiency (GFR 30-60 ml/minute/1,73m?). Meanwhile, it is 5,5 times higher in severe
renal insufficiency (GFR<30 ml/minute/1,73m?2).

The increase of thrombosis risk in CKD is associated with the change of coagulation
cascade, marked with the increase of coagulation activity[4]. Several prothrombic hemostasis
mediators increased in CKD are fibrinogen, soluble thrombomodulin, soluble tissue factor,
thrombin-antithrombin complex[5].

Indoxyl sulfate is one of the uremic toxins from protein bound-compounds group. Indoxyl
sulfate originated from tryptophan amino acid which we can find in protein diets such as
chicken, meat, fish, turkey, and beans. Tryptophan is metabolized then by the liver to be indoxyl
sulfate. Indoxyl sulfate is normally secreted to urine especially with active secretion by proximal
tubular. In patients with CKD, renal function disorder will lead to indoxyl sulfate accumulation
in blood[6].

Indoxyl sulfate can be a marker of renal function decrease and also played an active role in
disease progression. Wu IW et al. [7] found that indoxyl sulfate serum is associated with kidney
disease progress. In another hand, Kikuchi et al. [8] found that indoxyl sulfate is the main serum
metabolite that differs CKD with normal condition based on the examination of several toxin
accumulating in CKD[8].

The increase of indoxyl sulfate in blood will increase the risk of thrombosis. Research
showed that indoxyls sulfate would induce tissue factor expression in endothelial cells and
vascular smooth muscle cells[9][10]. Gao C et al. [11] showed that indoxyl sulfate could
activate phosphatidylserine of the cell membrane. The surface of cell and microparticle exposed
with phosphatidylserine, in the end, will bound with factor Xa and complex prothrombinase and
then accelerate thrombus forming.

Complicated hemostasis problem in CKD and tendency of prothrombic condition marked
with an increase of coagulation activity, and also the role of the uremic toxin to hemostasis and
its complication lead the author to investigate the thrombin coagulation activity represented by
TAT complex and its correlation with indoxyl sulfate in CKD.

2 Methods

This study is observational analytic with a cross sectional method where independent
variable and dependent variable are examined in the same time. This study takes place in
Kidney-Hypertensive Division polyclinic and Internal Medicine Ward RSUP dr. M. Djamil
Padang General Hospital. The sample is the patient who met the inclusion and exclusion criteria.
The potential subject will be screened earlier, explained the research protocol, and asked for
informed consent.

Inclusion criteria are patients with CKD stage 3,4 and 5, age between 16-60 years old, and
agreed to get involved in this study. Exclusion criteria are pregnant women, a patient who
underwent hemodialysis, receiving anticoagulant therapy, fibrinolytic, hormonal therapy,
immunosuppressant, a patient with active bleeding, a patient with liver cirrhosis, a patient with
sepsis or DIC, a patient with diabetes mellitus, a patient with CAD or stroke, a patient with
malignancy, and also patient with chronic diarrhea.



A patient who met the inclusion and exclusion criteria as many as 30 persons based on
sampling calculation will be recorded for the data such as age and gender, then perform a check
of TAT complex and indoxy! sulfate. The result will be analyzed statistically.

3 Results

From 30 samples, 13 persons (43.33%) are male, and 17 persons (56.67%) are female. The
youngest age is 30 years old, and the oldest age is 60 years old. Age distributions are 30-40
years old; 4 persons (13.33%), 41-50 years old; 10 persons (33.33%), 51-60 years old; 16
persons (53.33%).

Table 1. Baseline Characteristics

Characteristics n (30) %
Gender
Male 13 43,33
Female 17 56,67
Age (years old)
30-40 4 13,33
41-50 10 33,33
51-60 16 53,34
Stage of CKD
Stage 3 8 26,67
Stage 4 10 33,33
Stage 5 12 40,0
Etiology
Hypertension 17 56,67
Gout Nephropathy 6 20,0
Chronic Pyelonephritis 4 13,3
Obstructive Nephropathy 3 10,0

Based on stage classification of CKD, 8 persons (26.67%) are CKD stage 3,10 persons (33.33%)
are CKD stage 4, 12 persons (40.0%) are CKD stage 5. Based on etiology, 17 persons (56.67%)
are hypertension, 6 persons (20.0%) are gout nephropathy, 4 persons (13.3%) are chronic
pyelonephritis, and 3 persons (10.0%) are obstructive nephropathy.

Table 2. Mean Level of Indoxyl Sulfate in a patient with CKD and normal person

Mean + SD
Variable Sample Control p
(n=30) (n=20)
Indoxyl Sulfate 4,70 +1,96 1,86+0,30 p<0,05

(mg/dL)

Mean level of indoxyl sulfate in this study was higher than a normal person (control) 1,86 +
0,30 mg/dL, and when it is compared with t-test, there is a significant difference (p<0.05). From



the figure below, we can see the mean level of indoxyl sulfate in stage 3 is 2.79 mg/dL, stage 4
is 4.22 mg/dL, and stage 5 is 6.37 mg/dL.
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Fig. 1. Graphic of the mean level of indoxyl sulfate distribution based on the stage of CKD

From this study, the mean level of TAT complex was 12,61 + 2,49 ng/mL. Based on the
Kolmogorov-Smirnov test, this result was normally distributed (p>0.05).

16 14,92
14
= 11,96
€ 12
o 9,97
£ 10
g,
3
o 6
Q
|_
< 4
|_
2
0
PGK stadium 3 stadium 4 stadium 5
W TAT complex

Fig. 2. Graphic of distribution of TAT complex mean level based on stage of CKD

This level was higher than control (0.5-10 ng/mL), and if tested with one sample t-test, there
was significant difference (p<0.05).
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Fig. 3. Correlation between Indoxyl Sulfate with TAT complex in a patient with CKD

Based on the figure above, there was a positive correlation between the increase of TAT
complex and indoxyl sulfate. The correlation was significant (p<0.05) with moderate gradation
(r=0.522) by using the Pearson test.

4 Discussion

From 30 patients who met inclusion criteria, 13 persons (43.33%) was male, and 17 persons
(56.67%) was female, with the most age was 51-60 years old (53.33%), while the mean age was
50.5 years old.

Sagripanti et al. [12] reported the patient with CKD where 19 persons were male, and 10
persons were female with the mean age 54+11 years old. Meanwhile, Adams MJ et al. [25]
reported the patient with CKD were 20 persons (54.05%) were male, and 17 persons (45.94%)
were female with the mean age was 60+12 years.

From National Health Interview Survey United States (2014) data, it reported that male
patient and the female patient has an almost the same portion with the most age was 45-64 years
old[13]. From several studies above, it showed that there is no significant difference in gender
between male and female, while the most age is above 45 years old. It is almost the same with
the prevalence of CKD in the world that increased 7.2% at population above 30 years old and
estimated to increase along with the increase of age [14].

Hypertension is the main cause of CKD in this study (56.67%), followed by gout
nephropathy (20%), chronic pyelonephritis (13.33%), and obstructive nephropathy (10%).
Indonesian Kidney Registration Data (2014) also recorded the main etiology of CKD is
hypertension kidney disease (37%), followed by diabetic nephropathy (27%), chronic
glomerulonephritis (10%), obstructive nephropathy (7%), and gout nephropathy (1%)[15].
Islam NS et al. [16] reported that the increase of CKD prevalence is associated with the increase
of hypertension and diabetic incidences.



Classification of CKD stages in this study was determined by GFR estimation with CKD-
Epi formula. We identified stage 3 (26.67%), stage 4 (33.33%), and stage 5 (40%). This result
is not too different with the study of Lin CJ et al. [17] that identified stage 3 (23.32%), stage 4
(20.4%), and stage 5 (21.4%).

Indoxyl sulfate is one of the uremic toxins produced from tryptophan metabolism in food.
Tryptophan is metabolized to indol by intestinal bacteria and converted to indoxyl sulfate after
absorption and then excreted by renal. In a patient with CKD, the toxins will be accumulated in
circulation because of the decrease of renal excretion function[17].

The normal level of indoxyl sulfate is not established till now. Data about the normal level
of indoxyl sulfate in Indonesia is not available so that this study will not only measure the level
of indoxyl sulfate in CKD patient but also in the healthy subject. The examination of indoxyl
sulfate used HPLC technic. The normal level of indoxyl sulfate in this study was 2.53-10.36
mg/dL with the mean level 4,70 + 1,96 mg/dL. This value is a little bit different from the study
from Lin CJ et al. [27] in Taiwan; 2,1+ 0,2 mg/dL. Meanwhile, the data from European Uremic
Toxin Work (2012) recorded the mean level of indoxyl sulfate in the uremic patient was
2,31+1,30 mg/dL[18].

The mean level of indoxyl sulfate from CKD patient in this study was significantly higher
than the normal subject (1,86 = 0,30 mg/dL). The mean level of indoxyl sulfate in a normal
subject is almost the same as the study of Wu IW et al. [19] with the same examination technic
(1,24+0,17 mg/dL).

The difference of indoxyl sulfate means level from several studies might be caused by the
difference of sample number, staging of CKD and etiology of CKD that is investigated. CKD
and its comorbidity will increase the accumulation and synthesis of indoxyl sulfate. Age, diet,
oxidative stress, stage, and therapy could influence the population of intestinal microflora that
also has a role in synthesis and accumulation of indoxy! sulfate[20].

The other factor that influences the level of indoxyl sulfate is a genetic factor. Viaene et al.
[21] reported that genetic or hereditary factor played a role in indoxyl sulfate metabolism. This
result was supported by the study of Benson et al. [22], he identified that intestinal microflora
composition could affect the host genetic factor.

Based on the stage of CKD, level of indoxyl sulfate tends to increase along with the increase
of CKD staging. The mean level of indoxyl sulfate in this study; stage 3 (2.79 mg/dL), stage 4
(4.22 mg/dL), and stage 5 (6.37 mg/dL). Lin CJ et al[17] reported the mean level of indoxyl
sulfate in stage 3 (0,32+0,03 mg/dL), stage 4 (0,54+0,36 mg/dL), and stage 5 (1,99+1,05
mg/dL).

Barreto et al[63] also identified the median level of indoxyl sulfate in CKD; stage 2 and 3;
0.16 (0.09-0.22)mg/dL and stage 4 and 5; 0.44 (0.35-0.68) mg/dL. Yoshikawa et al[24]
identified the median level of indoxy! sulfate; stage 3 and 4; 1.0 mg/dL and 2.4 mg/dL, and 20.7
mg/dL in stage 5.

In this study, we also identified the mean level of TAT complex in CKD patient 12,6+2,49
ng/mL, it was higher than normal level 0,5-10 ng/mL. The mean level of TAT complex in this
study was 5,56+1,03 ng/mL.

Study of Sagripanti et al[12] has the same exclution criteria with this study, it reported
significant increase of TAT complex mean level 3,68+1,2 ng/mL (p<0.001) compared to control
2,12+0,8 ng/mL. Mean level of TAT complex from non-haemodialytic patient 2,94+0,58 ng/mL
and haemodialytics patient 4,36+1,36 ng/mL.

Nelson et al[24] reported mean level of TAT complex in CKD patient 36,2+6,73 ng/mL
compared to control 2,4+0,08 ng/mL. The increase of TAT complex means level is 15.08 times
fold compared to control. This increase is much higher than mean level of coagulation activity



F1+2 (3.79 times fold). Meanwhile, the study of Adams et al. [25] reported the mean level of
TAT complex 3.2 ng/mL not significant compared to control.

The difference of TAT complex means level might be caused by the difference of sample
number, etiology of CKD that is investigated, and age. The etiology of CKD such as
hypertension, infection, inflammation, and age could induce hypercoagulable condition and
accelerate the prothrombic process. This condition is related to endothelial dysfunction in CKD
patient. Endothelial played a role in activating and detaining coagulation and fibrinolytic so that
endothelial dysfunction could affect coagulation[26].

The other factor affecting coagulation activity in this study was obesity,
hypercholesterolemia, and smoking. Obesity and hypercholesterolemia are associated with
lipoprotein ability to activate thrombocyte and the coagulation cascade. Activated thrombocyte
surface will enhance thrombin forming. Smoking might cause endothelial damage, thrombocyte
adhesion increase, tPA reduction, and TFPI. All these factors could induce prothrombotic[27].

Besides that, genetic factor played a role in the tendency of hypercoagulation. Patients with
congenital deficiency such as antithrombin deficiency, protein C deficiency, and protein S
deficiency can reduce the ability to regulate thrombin forming that will be a predisposition of
DVT and pulmonary embolism. Mutation of factor V Leiden will lead to regulation dysfunction
of thrombin. On the other hand, prothrombin polymorphic disorder G20210A is related to
prothrombin increase and risk of DVT and pulmonary embolism[28].

Not like the previous study, this study reported the mean level of TAT complex in each stage
of CKD; stage 3 (9.97 ng/mL), stage 4 (11.96 ng/mL), and stage 5 (14.92 ng/mL). This data
describe that mean level of TAT complex increased along with the increase of CKD stages.

The increase of TAT complex shows the increase of thrombin coagulation activity. The
result of this study matched other several studies that show the increase of thrombosis risk in
CKD patient already started since the early stage [3][29][30][31].

This study showed the increase of coagulation activity represented by TAT complex and
level of indoxyl sulfate in the patient with CKD compared to normal subjects. These results are
analyzed with the Pearson correlation test. It shows a significant positive correlation and
moderate gradation (r=0.522) (p<0.05). This indicates that the more increase of the level of
Indoxyl sulfate, the more coagulation activity in CKD.

The association between the level of TAT complex and indoxy! sulfate indicates that uremic
toxin might play a role in thrombosis occurrence of CKD. This study shows the importance to
measure TAT complex and indoxyl sulfate in a patient with CKD.

This study also supported the development of proactive therapy for CKD patient such as oral
adsorbent named AST-120. AST-120 act to absorb indol product in the intestine and excrete it
via defecation so that the accumulation of uremic toxin will decrease[32]. We can also consider
the use of indoxyl sulfate binder in order to reduce the production of indoxyl sulfate, in the end,
it will reduce the risk of thrombosis occurrence in the patient with CKD.

5 Conclusion

There was a significant increase in thrombin coagulation activity in CKD, marked with the
increase of TAT complex level. On the other hand, there is a significant increase of uremic toxin
indoxyl sulfate in CKD. This study reported a significant positive correlation with moderate
degree of correlation between the level of TAT complex and the level of indoxyl sulfate in
patients with CKD.
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