Published online:04/10/2015

ORIGINAL PAPER

doi: 10.5455/medarh.2015.69.307-310
Med Arh. 2015 Oct; 69(5): 307-310

Received: August 25th 2015 | Accepted: October 05th
2015

© 2015 Alma Muslimovic, Senija Rasic,
Denijal Tulumovic, Senad Hasanspahic,
Damir Rebic

This is an Open Access article distributed
under the terms of the Creative Commons
Attribution Non-Commercial License
(http://creativecommons.org/licenses/
by-nc/4.0/) which permits unrestricted
non-commercial use, distribution, and
reproduction in any medium, provided
the original work is properly cited.

Published print:10/2015

Inflammatory Markers and
Procoagulants in Chronic
Renal Disease Stages 1-4

Alma Muslimovic', Senija Rasic', Denijal Tulumovic?, Senad
Hasanspahic!, Damir Rebic'

'Clinic of Nephrology, University Clinical Center Sarajevo, Sarajevo, Bosnia and
Herzegovina

2Department of Nephrology, Dialysis and Kidney Transplantation, University Clinical
Center Tuzla, Tuzla, Bosna and Herzegovina

Corresponding author: Alma Muslimovic, MD, PhD. Clinic of Nephrology, University
Clinical Centre Sarajevo. Bolnicka 25, 71000 Sarajevo, Bosnia and Herzegovina. Tel: 00
387 33 297 401. Fax: 00 387 33 297 816. e-mail: aimamsl@bih.net.ba

ABSTRACT

Aim: Introduction: Starting from the point that the chronic kidney disease (CKD) is chronic,
inflammatory and hypercoagulable state characterized by an increase in procoagulant
and inflammatory markers high cardiovascular morbidity and mortality in these patients
could be explained. Aim: The aim of the research was to monitor inflammatory markers and
procoagulants in various stages of kidney disease (stage 1-4). Materials and Methods: The
research included 120 subjects older than 18 years with CKD stages 1-4 examined and
monitored in Clinic of Nephrology, University Clinical Centre Sarajevo over a period of 24
months. The research included determining the following laboratory parameters: serum
creatinine, serum albumin, C-reactive protein, leukocytes in the blood, plasma fibrinogen,
D-dimer, antithrombin Ill, coagulation factors VIl (FC VII) and coagulation factor VIII (FC
VIIl). Results: With the progression of kidney disease (CKD stages 1-4), there was a signif-
icant increase of inflammatory and procoagulant markers: CRP, fibrinogen and coagula-
tion factor VIII, and an increase in the average values of leukocytes and a reduction in the
value of antithrombin lll, but without statistical significance. Also, there were no significant
differences in the values of D-dimer and coagulation factor VII .

Conclusion: The progression of kidney disease is significantly associated with inflamma-
tion, which could in the future be useful in prognostic and therapeutic purposes. Connec-
tion of CKD with inflammation and proven connection of inflammation with cardiovascular
risk indicates the potential value of some biomarkers, which could in the future identify as
predictors of outcome and could have the benefit in the early diagnosis and treatment of
cardiovascular disease in CKD.

Key words: inflammatory biomarkers, procoagulants , cystatin C, cardiovascular mor-
bidity

1. INTRODUCTION

Starting from the premise that
the chronic kidney disease (CKD)
chronic, inflammatory and hyper-

flammatory markers, malnutrition,
thrombogenic  factors, changed
balance of nitric oxide/endothelin.
Some of these factors, such as ane-

coagulable state characterized by an
increase in procoagulant and inflam-
matory markers high cardiovascu-
lar (CV) morbidity and mortality in
these patients could be explained.
Traditional CV factors could not
fully explain the increased CV risk.
Non-traditional CV risk factors in-
clude, among others: albuminuria,
lipoprotein disorder, lipoprotein

A and apo-A isoform, anemia,
disorder of mineral metabolism,
activation of oxidative stress/in-
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mia, metabolic disbalance and in-
flammation are present in patients
with CKD (1).

Researches show that inflamma-
tion markers can predict the decline
in kidney function. Measurement
of parameters of thrombogenesis,
thrombin-antithrombin III complex
(TAT), prothrombin fragment (F1),
D-dimer, fibrinopeptide A (FP-A)
and inflammation - CD 40, myelop-
eroxidaze (MPO), tumor necrosis
factor alpha (TNF-alpha), monocyte

307



Inflammatory Markers and Procoagulants in Chronic Renal Disease Stages 1-4

chemotactic protein-1 (MCP-1) and nitric oxide (NO) in
one of the studies shows that patients with ESRD (end-
stage renal disease) are exposed to activity of coagulant
and inflammatory processes (2).

Different biomarkers in this regard could have a role in
the identification of patients at risk of CV disease devel-
opment (3).

Although the mechanisms are not fully understood, it
is believed that the increased risk of VTE in CKD occurs
as a result of haemostatic disorder, including procoagu-
lant activation, reduction of endogenous anticoagulants,
disorder activation and aggregation of platelets and de-
crease in fibrinolytic activity. Pathogenesis varies de-
pending on the cause of CKD. Uremia is associated with
prolonged bleeding time, impaired adhesion and aggre-
gation of platelets due to a series of extrinsic and intrin-
sic factors. It is well known role of increase of coagula-
tion factor VIII - Von Willebrand’s factor, and deficiency
of antithrombin III, protein C and protein S. (4)

MATERIAL AND METHODS

This prospective study included 120 patients older
than 18 years, examined and monitored over a period of
24 months on Clinic of Nephrology, University Clinical
Center Sarajevo. Thirty patients in every stage of CKD
from 1-4 were included, wherein the stages of CKD are
determined according to KDIGO (International Kidney
Disease: Improving Global Outcomes) classification (5):
30 patients in stage 1 of CKD, which is characterized by
glomerular filtration rate > 90 ml/min/1.73 m® and the
presence of albuminuria, proteinuria or pathological
urine sediment; 30 patients in stage 2 of CKD, which is
characterized by mildly decreased glomerular filtration
rate of 60-89 ml/min/1.73 m? and the presence of albu-
minuria, proteinuria or pathological urine sediment; 30
patients in stage 3 of CKD with moderate reduction of
glomerular filtration rate of 30-59 ml/min/ 1.73 m?* and
30 in stage 4 (progressed) of CKD with a glomerular fil-
tration rate of 15-29 ml/min/1.73m>

The research did not include: patients with acute renal
failure, patients with kidney transplant, heavier mental
state, patients with severe liver failure and liver cirrhosis,
with malignant disease, severe infection and sepsis, with
primary hematologic disease, type I diabetes, pregnant
and lactating women. In the methodological approach in
this research we used personal, demographic and anam-
nesis data, physical examination and methods of labora-
tory diagnosis.

The research included determining the following labo-
ratory parameters: serum creatinine, serum albumin and
C-reactive protein, leukocytes in the blood, plasma fi-
brinogen, D-dimer, antithrombin III, coagulation factors
VII (FC VII) and VIII (FC VIII).

The study results were statistically analyzed by using
descriptive statistics and Student- t test, with the accep-
tance of statistical significance at p<0.05. For determin-
ing normal distribution of the examined variables was
used Kolmogorov-Smirnov test. The statistical differenc-
es in mean values between the examined groups was de-
termined by using ANOVA method with Turkeys post
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hoc test for variables with normal distribution or Krus-
kal-Wallis and Mann-Whitney post hoc test for variables
that do not have a normal distribution.

2. RESULTS

Analysis of the average values of leukocytes shows that
the patients in group IV had the highest average values
of 7.97 + 1.8 (range from 4.83 - 12.90), and patients in
group I had the lowest 7.2 + 2.4 (range 3.90 - 14.03).
The average value of leukocytes in blood is gradually
increased as seen from group I to group IV. Analysis of
variance and Turkey’s post hoc test indicates that there is
no statistically significant difference between examined
groups p>0.05 (F = 0.811; p = 0.490). Statistical analysis
of the average values of CRP shows that the patients in
group II had the highest value of 10.07 + 13.02 (range
0.5 - 66.6), while patients in group I had the lowest 2.77
+ 3.70 (range 0.00 - 16.60). Analysis of variance and
Turkey’s post hoc test shows that there is a statistical-
ly significant difference p<0.05 in the average values of
CRP (F = 2.787; p = 0.044). The average value of CRP
in group II is unexpectedly higher in comparison to the
group III, but that difference was not statistically signif-
icant, p = 0.115. Analysis of the average values of fibrin-
ogen through Mann-Whitney test showed statistically
significant differences at level p<0.05 (KW x2 = 8.643; p
= 0.032). The patients in group IV had the highest value
of 4.68 + 1.4 (range 2.3 to 8.0), while patients in group I
had the lowest 3.74 + 1.3 (range 1.8 - 6.1). As in the case
of leukocytes (as opposed to CRP) we record a linear
increase of average values of fibrinogen observed from
group I to group IV of patients. Patients in group I had
the highest average value of serum albumin 39.17 + 4.1
(range 29.0 - 47.0), and patients in group II had the low-
est 32.73 + 9.88 (range 12.0 - 56.0). Analysis of the aver-
age values of serum albumin through analysis of variance
and Turkey’s post hoc test indicates that there is a statis-
tically significant difference at level p<0.01 (F = 4.772; p
= 0.004). A quite uneven ratio of the average values of
serum albumin in the observed groups was detected. The
patients in group II had the highest average value of
D-dimer 2.27 + 4.13 (range 0,17 - 21,92), while patients
in group I had the lowest 0.65 + 0.71 (range 0.17 - 3.09).
Analysis of average values of D-dimer through analysis of
variance and Turkey’s post hoc test shows that there was
no significant difference p>0.05 (F = 2.577; p = 0.057).
The average value of D-dimer in the group I is lower than
in the other groups. Although in the total sample there
is no statistically significant difference, p = 0.057 (close
to statistical significance), there is statistically significant
difference between the group I and all other groups of
patients (between I and I, p = 0.04, t = -2.116; between
[ and III, p = 0.01, t = -2.651; and between I and IV; p
= 0.002, t = -3.172). Patients in group I had the highest
average value of antitrombin III 100.01 + 13.1 (range 64.2
- 124.1), and patients in group IV had the lowest 93.27 +
20.60 (range 38.2 - 122.6). Analysis of variance and Tur-
key’s post hoc test shows that there was no significant
difference p>0.05 (F = 0.861; p = 0.464). There is a slight
linear decrease of the average values of antithrombin III
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from group I to group IV. Neither group in
comparison to the other shows statistically

95% confidence

parameters AM SD SEM . p
significant difference in the average values interval
of antithrombin III (p>0.05). The high- Lower Upper
est average value of FC VII 136.57 + 37.26 Cystatin C 614 0834 0076 1463 1765 0.0001
(range 59.7 - 210.6) had patients in group II, mg/l ' ) ’ ’ ' '
and the lowest 115.97 + 47.31 (range 39.6 - Leukocytes 7,650 9247 0205 7.253 8.065  0.490
210.0) patients in group III. Statistical anal- x109 ' ' ' ' ' '
ysis of the average values of FC VII through CRP 6329 10078 0920 4508  8.151  0.044
Mann-Whitney test showed that there was M9/!
no significant difference p>0.05 (KW x2 = F'kl’””Oge” 4363 1409 0128 4108 4617 0032
1.162; p = 0.327). It is quite uneven ratio il/ bumi
of average values of FC VII observed from g/l umins 36510  7.477 0.683  35.16 37.86  0.004
group I to group IV of patients. Patients in D-dimer
group [l had the highest average value of FC 1, 1623 2588 0236 1155 2091 0057
VIII 162.5 + 27.8 (range from 120.3 - 212.3), antithrombin Il
while patents in group I had the lowest 125.5 mgy/! 90895 16320 1490 93943 99847 0404
+ 35.3 (range 55.2 - 207). Analysis of average FC VI
values of FC VIIT through Mann-Whitney % 127.620 43.663 3985 119.727 135.513 0.327
test shows that there is a statistically signif- FC VIl 146259 36307 3314 139696 152822 0.0001

icant difference at level p<0.01 (KW x2 = %

22.291, p = 0.0001). We see quite steady in- Table 1. Analysis of the average values of inflammatory parameters and
crease in the average values of FC VIII from procoagulants in the total sample Notes: AM- arithmetic mean, SD-
group I to group III of patients and consis- standard deviation, SEM- standard error of the mean, 95%C- confidence

tent average values between the groups III
and IV (Table 1).

3. DISCUSSION

The Inflammation and chronic kidney disease are as-
sociated with the cardiovascular diseases (6). In the gen-
eral population, inflammation is one firmly established
risk marker of cardiovascular morbidity, where CRP and
leukocytosis are independently associated with adverse
cardiovascular outcome.

Connection of inflammation with renal impairment
and increased cardiovascular morbidity and mortali-
ty is a significant subject of research of many authors.
Earlier researches have shown an association of CKD
with increased values of CRP, as well as the connection
of CRP with cardiovascular risk in patients with ESRD.
It remains to examine the ratio of CV risk and inflam-
mation in patients with milder level of renal impairment
(7). Other studies indicate that CRP and endothelial dys-
function could provide prognostic information about
cardiovascular disorders in kidney patients. One of them
monitored importance of chronic inflammation, oxida-
tive stress and endothelial dysfunction in cardiovascular
disease in kidney patients. It demonstrated that patients
with higher CRP had significantly lower eGFR and serum
albumins and increased lipid hydroxy peroxidasis, while
endothelial function was associated with intracellular
oxidative stress in patients with chronic kidney disease
(8). And one recent study has shown that inflammation,
assessed by measuring the levels of CRP correlates with
endothelial dysfunction and atherosclerotic changes in
patients with CKD (9).

It has been proven in numerous studies that different
thrombogenic and inflammatory cardiovascular risk
factors are significantly increased in CKD. One of the
studies in a larger group of CKD patients (10), which fol-
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interval , p- statistically significant difference in the average values of the
parameters observed

lowed connection between albuminuria, kidney function
and inflammatory biomarkers, found a higher level of
IL-1B, IL-1RA, IL-6, TNF-a, TGF-f, CRP and fibrinogen
among patients with lower eGFR. It was something that
our study in a population of CKD patients from stages
1-4, except in the case of CRP and fibrinogen, has shown
and in the case of coagulation factor VIII. Serum fibrin-
ogen is a predictor of CV morbidity in the general popu-
lation and independent predictor of CV and all causes of
morbidity in ESRD. Studies indicate that increased levels
of fibrinogen can predict mortality with patients in stag-
es 3 and 4 of CKD (11).

The linear increase in the average values of leukocytes
from group I to group IV of patients was observed, but it
was not statistically significant. With progression of kid-
ney disease it is recorded a gradual decline in the average
values of antithrombin III, although the same, too, was
not statistically significant. There were no differences in
the values of FC VII, as in I and II groups of patients,
thus in other stages of kidney disease (with eGFR <60
ml / min / 1.73m2). Unlike FC VII whose average val-
ues are rather uneven observed from I-IV group, with
the progression of kidney disease a gradual, statistically
significant, linear increase in the average value of FC VIII
is monitored.

Several studies have compared the level of procoag-
ulant and inflammatory markers in patients with and
without CKD. Generally, in these studies, patients with
ESRD, nephrotic syndrome, and the initial stages of
CKD had increased level of CRP, fibrinogen, D-dimer,
FC VII and FC VIII, which is explained by a higher syn-
thesis in comparison to losses in urine, although accu-
rate mechanisms are not yet known (12). There is not
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enough convincing evidence about the role of deficiency
of antithrombin III, protein S and protein C at increased
risk of VTE (13). The average value of serum albumin in
our research shows, although significant, quite uneven
differences between groups (the lowest in II group of
patients), which could be a result of the influence of dif-
ferent factors, for example. Chronic inflammation, nutri-
tional status and protein loss in urine.

The importance of antithrombin III in increasing the
risk of VTE in patients with CKD is not completely con-
vincing. Not all so far published studies confirmed the
correlation between the deficit of antithrombin III in ne-
phrotic patients and the risk of VTE.

4. CONCLUSION

With the progression of kidney disease (CKD stages
1-4) it comes to significantly increase of inflammatory
and procoagulant markers of CRP, fibrinogen and coag-
ulation factor VIII, and an increase in the average values
of leukocytes and falling of antithrombin III, but without
statistical significance. Connection of CKD with inflam-
mation and proven connection of inflammation with
CV risk indicates the potential diagnostic value of some
biomarkers, which could open up possibilities for new
therapeutic alternatives. Various biomarkers could in the
future identify as predictors of outcome and could have
the benefit in the early diagnosis and treatment of CVD
in CKD.
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