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ABSTRACT

Aim: The aim of the research was to compare the relationship between inflammatory biomarkers and procoagulants with kidney function assessed
by using cystatin C, serum creatinine, and eGFR and determine the sensitivity of cystatin C, serum creatinine and eGFR to total cardiovascular
morbidity in patients with CKD stages 1-4. Methods: The research included 120 patients older than 18 years with CKD stages 1-4 monitored
over a period of 24 months. Results: Serum cystatin C correlates with fibrinogen (p<0.01), serum albumin (p<0.01), D-dimer (p<0.05), anti-
thrombin III (p<0.01) strongly in relation to the evaluation of kidney function based on serum creatinine and eGFR. By following cystatin C,
creatinine and eGFR with comparison of ROC to total cardiovascular morbidity, the highest sensitivity in relation to the presence of cardiovas-
cular morbidity shows cystatin C, then eGFR and the lowest, creatinine, with a significant difference between cystatin C and serum creatinine
(p<0.05). Conclusion: Serum cystatin C is more strongly correlated with some biomarkers (fibrinogen, serum albumin, D-dimer, antithrombin
III), while simultaneously showing a stronger sensitivity in relation to total cardiovascular morbidity compared with the assessment of kidney

function based on serum creatinine and eGFR.
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1. INTRODUCTION

Cardiovascular discases (CVD) are the leading cause of
morbidity and mortality in patients with chronic kidney dis-
case (CKD), and these people have about twenty times higher
risk of cardiac death compared to people of the same sex and
age without CKD (1). Some studies have shown that among
older patients with CKD, traditional Framingham risk factors
were strongly associated with cardiovascular (CV) morbidity
in relation to new risk factors (2). On the other hand, some
authors point out that with the progression of kidney disease,
traditional risk factors only partly explained increased CV risk
(3). Cardiovascular and CKD are closely associated and there is
expected interest in biomarkers that could predict CV morbid-
ity and mortality (4).

Inflammation and CVD are associated with CKD (5). In
general population inflammation is one firmly established risk
marker of cardiovascular morbidity, where C-reactive protein
(CRP) and leucocytosis are independently associated with ad-
verse cardiovascular outcome (6). We should take into consid-
eration different influences of inflammatory cytokines on renal
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and cardiac function in evaluation of cardio-renal syndrome (7).

Cystatin C as a marker of kidney function can be associated
with inflammation. Some studies suggest that cystatin C shows
astronger linear correlation with cardiovascular morbidity and
mortality in comparison with serum level of creatinine (8). The
results of “The Heart and Soul Study” have indicated that the
association of cystatin C with cardiovascular diseases may be at-
tributed to inflammation (9). Shlipak confirmed that cystatin C
levels had alinear association with the GFR range. This included
patients with GFRs of 60-90 mL/min/1.73 m?, a group that
previously we had described as “preclinical kidney disease”(10).

2. MATERIAL AND METHODS

This prospective study included 120 patients older than 18
years, examined and monitored over a period of 24 months.
Thirty patients in every stage of CKD from 1-4 were included,
wherein the stages of CKD are determined according to KDI-
GO (International Kidney Disease: Improving Global Out-
comes) classification (12): 30 patients in stage 1 of CKD, which
is characterized by glomerular filtration rate > 90 ml/min/1.73
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m” and the presence of albuminuria, proteinuria or pathological
urine sediment; 30 patients in stage 2 of CKD, which is charac-
terized by mildly decreased glomerular filtration rate of 60-89
ml/min/1.73 m* and the presence of albuminuria, 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 filtration 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 anamnesis data, physical examination and
methods of laboratory, electrocardiographic and echocardio-
graphic diagnosis.

The cardiovascular morbidity

Total CV morbidity is classified as hypertension, left ven-
tricular hypertrophy (LVH), ischemic heart discase, heart
failure, arrhythmias, other vascular diseases (cerebrovascular
insule-CVI, pulmonary thromboembolism-PTE, deep vein
thrombosis—DV'T). Information about heart attack and coro-
nary revascularization, stenosis and some vascular incident
(DVT, PTE) within 6 months from the start of the research
were obtained from patient’s medical records. Blood pressure
was measured in all patients.

The last three measurements were taken into account with
their average value calculated. It is thought that the patient is
hypertensive if his systolic blood _pressure was higher than 140
mmHg, as well as diastolic blood pressure > 90 mmHg. The
diagnosis of diabetes was based on positive anamnesis, elevated
levels of blood sugarand HbA C, or based on information about
taking insulin or peroral antidiabetic therapy.

Electrocardiography was used for recognition of arthythmias
and acute coronary syndrome while the assessment of systolic
LV weaknesses was based on echocardiographic measurement
of ¢jection fraction (EFLV). Echocardiography (ECG) and
coronary angiography were used to confirm diagnosis of isch-
emic coronary disease.

Laboratory diagnostics

The research included determining the followinglaboratory
parameters: serum creatinine, serum cystatin C, serum albu-
min and C-reactive protein, leukocytes in the blood, plasma
fibrinogen, D-dimer, antithrombin III, coagulation factors
VII (FC VII) and VIII (FC VIII). Glomerular filtration rate
was calculated using MDRD formula (Modification of Diet in
Renal Disease), while classification of chronic renal disease was
made on the basis of KDIGO criteria (11).

Statistical analysis

The study results were statistically analyzed by using descrip-
tive statistics and Student- t test, with the acceptance of statisti-
cal significance at p<0.05. For determining normal distribution
of the examined variables was used Kolmogorov-Smirnov test.
The statistical differences in mean values between the examined
groups was determined by using ANOVA method with Turkeys
post hoc test for variables with normal distribution or Kruskal-
Wallis and Mann-Whitney post hoc test for variables that do
not have a normal distribution. For testing relation between
two variables was used correlation coefficient. ROC (receiver
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operator curve) was used to assess the sensitivity and specificity
of the observed parameters.

3. RESULTS

Analysis of the correlation coefhicient of relation of cystatin
C value towards other variables indicates that the statistically
significant positive correlation was recorded to the group, age,
creatinine, fibrinogen, D-dimer, FC VIII and total cardiovas-
cular morbidity. Statistically significant negative correlation
was recorded only by the values of ¢GFR, antithrombin ITI and
serum albumins.

The strongest correlation between cystatin C value is
achieved towards creatinine, eGFR, FC VIII moderately strong
correlation towards cardiovascular morbidity, followed by age,
fibrinogen, antithrombin III, serum albumins and the lowest
towards the D-dimer. Significant correlation of cystatin C value
has not been achieved towards the number of leukocytes, CRP
and FC VIL

Variable CystatinC  ¢GFR  Creatinine
rge tho 0247 0337 162

p 0.001 0.000 077
Cpin o b0 oo
Creatinine(pumol/L) ;ho g,ggg ;)?0%12)4
Leukocytes (x10°/L) ;ho g:i(l)? ;)(,)’209956 8:225;;
CRP (mg/L) ;ho g’(l)zflg ;)0’5(3)671 g’ggz
B
Albumin (g/L) ;ho 6(,)620643“ 6?’5(;)1 ggig
D-dimer (mg/L) ;ho gé;g 00607378 8(5)23
Antithrombin III (%) tho ;)(,)620399 8:13(6) ;)(?’210166
cm o om
omm e
¢GER (ml/min/1.73 m?) ;)(,)(’)70208“ ;)?(’)70903"
Total CV morbidity tho g,(4)(5)g 6,3;)%71 (i(s)(l)o

Table 1. Corelation of serum cystatin C, serum creatinine and eGFR with
the observed variables. ™ Correlation is significant at p <0.01; * Correlation
is significant at p <0.05; rho—Persons coefficient of correlation; CRP-C
reactive protein; FC VII-coagulation factor VII; FC VIII-coagulation
factor VIII.

Analysis of correlation coefficient of relation of e GFR values
towards other variables, indicates that the statistically signifi-
cant negative correlation was recorded and according to age,
creatinine, cystatin C, fibrinogen, coagulation factor VIII and
total cardiovascular morbidity.

The strongest correlation of ¢GFR value was achieved to-
wards serum creatinine, cystatin C, moderate towards age,
FC VIII, total cardiovascular morbidity and weak towards fi-
brinogen. Significant correlation of eGFR towards leukocytes,
CRP, serum albumin, D-dimer, antithrombin III, FC VII has
not been achieved.

Value of mean creatinine statistically significant negative

ORIGINAL PAPER « Mater Sociomed. 2015 Apr; 27(2): 75-78



Serum Cystatin C - Marker of Inflammation and Cardiovascular Morbidity in Chronic Kidney Disease Stages 1-4

correlated with ¢GFR values, while positive correlation was
confirmed towards cystatin C, FC VIII and total cardiovas-
cular morbidity.

The strongest correlation of serum creatinine value was
achieved towards eGFR values, cystatin C , moderate to total
cardiovascular morbidity and the lowest towards FC VIII.
Significant correlation of serum creatinine value towards leu-
kocytes, CRP, serum albumin, D-dimer, antithrombin III, FC
VII has not been proven (Table 1). Analysis of area under the
ROC for cystatin C, creatinine and ¢GFR in relation to the
presence of cardiovascular morbidity suggests that cystatin
C has the highest sensitivity, followed by ¢GFR and, finally,
the lowest creatinine, with a statistically significant difference
between cystatin C and creatinine (p = 0.04), but without sta-
tistically significant differences between cystatin C and eGFR
(p >0.05) (Figure 1).

—— EGFR
— — Cistatin C

Sensitivity

0 B A A A . A
o 20 4 60 50 100

100-Specificity

Figure 1. ROC curve of sensitivity and specificity for cystatin C, creatinine
and eGFR in relation to the presence of cardiovascular morbidity Notes:
The area under the ROC curve -AUC for eGFR is 0,779 (standard error
is 0,0711, confidence interval 95% CI -0,694 to 0,849) vs. AUC for serum
creatinine of 0,736 (0,0581 with a standard error, confidence interval 95%
CI-0,648 to 0,812) vs. AUC for cystatine C of 0,825 ( a standard error
0,0447, confidence interval 95%Cl-0,745 10 0,889).

4.DISCUSSION

The paper follows the relationship of renal function as-
sessed through serum creatinine, cystatin C and eGFR with
inflammatory and procoagulant markers on one side and the
overall cardiovascular morbidity on the other. The connection
of inflammation with disorder of renal function and increased
cardiovascular morbidity and mortality is an important subject
of research by many authors. Earlier studies have shown an as-
sociation of CKD with elevated CRP, as well as the connection
of CRP with cardiovascular risk in patients with ESRD (12).
Relation of CV risk and inflammation in patients with milder
degree of renal impairment is not suficiently tested. One recent
study showed that inflammation estimated by measuring the
levels of CRP correlate with endothelial dysfunction and ath-
erosclerotic changes in patients with CKD (13). Cystatin C is
a biomarker of renal function closely associated with the risk
of CV morbidity and mortality in patients with and without
CKD, as evidenced by a series of prospective studies (14). Cys-
tatin C may be a useful alternative to creatinine for detecting
high risk of death and CVD in elderly with CKD (15). Renal
dysfunction, on one hand, and inflammatory biomarkers, on
the other, are associated with increased cardiovascular risk.
Particularly this connection is shown in patients with end stage

Mater Sociomed. 2015 Apr; 27(2): 75-78 « ORIGINAL PAPER

of renal disease (16).

We found the strongest correlation between cystatin C with
age, fibrinogen, serum albumin, antithrombin III, FC VIII and
total cardiovascular morbidity (p<0.01), as well as with D-dimer
(p<0.05). Significant correlation of serum creatinine and eGFR
was confirmed only in relation with FC VIII, overall cardiovas-
cular morbidity (p<0.01) and value of fibrinogen (p <0.05). It is
clear that the results of the study point to significantly stronger
association of cystatin C with inflammatory biomarkers and
procoagulants compared to serum creatinine and renal function
assessed by value of eGFR. The correlation of cystatin C is sig-
nificantly stronger in relation with fibrinogen, serum albumin,
antithrombin III and D-dimer.

It would be necessary to give priority to this relationship of
cystatin C with inflammation as a prognostic marker in rela-
tion to creatinine and eGFR, which in practice can identify the
patients of “increased risk” from cardiovascular complications.
Our results confirmed that cystatin C is the highest sensitive
marker for detection of presence of CV morbidity in comparison
with other two parameters (serum creatinine and ¢GFR) using
the ROC curve (AUC for cystatin C of 0.825 with a standard
error 0.0447, confidence interval 95%Cl -0.745 to 0.889).

This investigation also indicate that serum cystatin C
compared to serum creatinine and eGFR is stronger predictor
of cardiovascular risk in CKD patients. Previously publised
study showed that the value of cystatin C over 1.3 mg/L was
strongly associated with increased CV risk (17). Studies that
have compared the cystatin C and ¢GFR for prediction of
cardiovascular risk, indicate the possibility that eGFR is not
sensitive enough to reflect the connection between mild renal
impairment and cardiovascular risk (18). In the Multi-Ethnic
Study of Atherosclerosis, serum cystatin C was significantly
associated with cardiovascular morbidity in relation to serum
creatinine (14). One published study which included an older
population of patients also showed that serum cystatin C is a
stronger predictor of the risk from cardiovascular morbidity
and mortality as compared to values of creatinine and eGFR (2).
Correlation between cystatin C and cardiovascular outcome can
be aresult of other factors which also affect the level of cystatin
C, independently from eGFR, such as older age, hypertension,
high level of CRP, and together with renal function may affect
level of serum cystatin C and increase cardiovascular risk (19).
Several studies also indicate how cystatin C could be a better
predictor of adverse cardiovascular outcome and all causes of
death rather than serum creatinine and eGFR (20).

5. CONCLUSION

Serum cystatin C is strongly correlated with some biomark-
ers (fibrinogen, serum albumin, D-dimer, antithrombin III),
while simultancously shows a stronger sensitivity in relation to
total cardiovascular morbidity compared with the assessment of
kidney function based on serum creatinine and eGFR. Cystatin
C is important and strong predictor of cardiovascular risk in
CKD patients stages 1 to 4 in compared to serum creatinine and
eGFR. Stronger correlation of cystatin C with cardiovascular
morbidity and simultaneously with inflammatory markers could
draw attention to finding new therapeutic options.
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