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Cardiovascular disease (CVD) is the leading cause of death in hemodialysis patients. 
This comes about because of a lack of predicted biomarkers in the risk analysis of CVD 
events in chronic kidney disease (CKD) patients. The present study aimed to determine 
the clinical utility of independent, predictable biomarkers such as serum creatinine, 
estimated Glomerular Filtration Rate (eGFR), high sensitive C-Reactive protein (hsCRP), 
fibrinogen and lipid profile as early predictors of CVD in CKD at stage III/IV.
Methods. This is a case-control study that includes a sample size of 100 patients of cases 
and 100 patients of controls who were recruited from November 2020 to April 2021, from 
the Nephrology department of the Visakhapatnam tertiary care teaching hospital, and 
present with chronic kidney disease – stage III/IV. The subjects’ general conditions (age, 
gender, height, weight, systolic blood pressure, diastolic blood pressure, and smoking 
history); underlying diseases (coronary heart disease and diabetes mellitus) were 
recorded. Fasting venous blood samples were collected under aseptic conditions from 
the study group after taking informed consent. The measurement of serum creatinine was 
performed by modification of kinetic Jaffe reaction. The Cockcroft-Gault equation was 
used to calculate eGFR in both cases and controls. CRP testing was done with a Cobas 
C311 analyzer, using immunoturbidimetric assay. The Fibroquant kit from Tulip was 
employed to measure fibrinogen levels in blood samples, and enzymatic methods were 
applied for lipid profile analysis.
Results. In this study, higher mean values of hsCRP (34.28 mg/dl), increased serum creati-
nine levels (2.876 mg/dl), reduced eGFR (28.37 mls/min), high levels of serum fibrinogen  
(291.6 mg/dl), and cholesterol (214.5 mg/dl), HDL (28.34 mg/dl), TG (162.1 mg/dl),  
VLDL (32.41 mg/dl) and LDL (153.77 mg/dl) were found to be independent predic-
tors of assessment of CV events in patients with CKD stages III and IV as determined  
by Chi-square test.
Conclusion. A prompt and accurate assessment of cardiovascular risk in CKD patients 
would enable more aggressive and focused treatment of the individuals who are most  
in need of preventive interventions to decrease incident rates.
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INTRODUCTION

Chronic kidney disease (CKD) is a term used to describe 
the worsening of kidney function over time. CKD is a sig-
nificant contributing factor to the non-communicable disease 
burden in mortality and morbidity. In India, it should be 
aggressively tackled to reach the International Sustainable 
Development goal of reducing non-communicable disease 
premature mortality by a third by 2030. The prevalence of 
CKD in the Indian population varies considerably, and it is 
estimated to be around 785 per million [1]. Due to the lack 
of a renal registry in India, the exact extent of CKD/end state 
renal disease (ESRD) is unknown. Two community-based 
investigations found a prevalence of chronic renal failure 
of 0.16% and 0.79%, respectively, despite methodological 
differences.

The development of chronic kidney disease to end-stage 
renal disease is increasing due to an increase in diabetes 
mellitus, hypertension, obesity and an aging population 
ESRD. Many attempts to limit progression risks, such as 
lifestyle improvements and blood pressure management, 
often reduce cardiovascular risk. Cardiovascular disease 
(CVD) is the leading cause of death in haemodialysis 
patients, regardless of the reason. The estimated glomeru-
lar filtration rate (eGFR) of less than 70 mL/min/1.73 m2 

is related with a 68 percent increase in the risk of mortality 
from any cause, and a 51 percent increase in the risk of death 
from CVD, according to the Second National Health and 
Nutrition Examination Survey (NHANES II) [2]. Moreover, 
an eGFR of 15-59 mL/min/1.73 m2 at baseline is linked with 
a 38 percent increase in the risk of CVD in the Atheroscle-
rosis Risk in Communities research [3]. CVD tends to be 
the leading cause of death in more than 20% of the entire 
population with CKD every year, of which only half show 
evidence of dyslipidaemia. As a result, there is a need to 
identify additional cardiovascular disease risk factors.

One of the most promising predicted biomarkers in the 
risk analysis of CKD is high-sensitivity C-reactive protein 
(hs-CRP), which was one of the unique biochemical indica-
tors studied in [4]. Although researches have shown a link 
between CRP and atherosclerotic artery disease, as well as 
acute cardiovascular events (including heart attacks and 
stroke in CKD patients), the impact of hsCRP has not been 
well investigated. In the general population, fibrinogen is 
a well-established predictor of CVD. Fibrinogen has been 
linked to the coagulation cascade, as well as cardiovascu-
lar problems [5-7]. As a result, the current study is critical 
for discovering new therapeutic techniques and diagnosing 
sick individuals early, in addition to correctly monitoring 
medicines.

Biomarkers for cardiovascular events (CVE) in CKD 
patients are subject to current research and may have the 
potential to reduce costs and extend symptom-free inter-
vals through effective therapy control. The study aimed to 
determine the clinical utility of independent non-traditional 
predictable biomarkers such as serum creatinine, eGFR, 
hsCRP, fibrinogen, and lipid profile as early predictors of 
CAD in CKD at stage III/IV.

MATERIALS AND METHODS

Materials
Study design. This study is a case-control study.
Study population and sample size. Our research 

involved a sample size of one hundred patients of cases 
and one hundred patients of controls who were recruited 
from the Nephrology department and who presented chronic 
kidney disease – stage III/IV. The work was conducted in 
the Visakhapatnam tertiary care teaching hospital, from 
November 2020 to April 2021. All the study subjects were 
non-dialysis patients with chronic kidney disease.

Patients

Inclusion criteria
This includes patients with estimated GFR (eGFR) <  

60 ml/min/1.73 m2 for ≥3 months, while age-matched indi-
viduals without chronic kidney disease were selected in the 
control group. The patients were in the age group of 30-60 
years and included both males and females with CKD stage 
III & IV.

Exclusion Criteria

Patients with renal disease caused by lupus nephritis or 
antineutrophil cytoplasmic autoantibody-associated vascu-
litis, patients with Nephrotic syndrome, patients with signs 
of acute infection, patients with a recent history of liver 
failure, trauma, surgery, cancer, or pregnancy, and patients 
on glucocorticoids, immunosuppressant, or anticoagulant 
medication in the previous month were all excluded. Patients 
with a history of previous thromboembolic or hemorrhagic 
episodes within the previous 12 months, as well as a history 
of cardiovascular disease, were also excluded.

Ethics approval

Institutional Ethics Committee clearance approval  
(No.GIMSR/Admn./Ethics/approval/IEC-10/2020) was 
obtained before the start of the study. Each participant were 
explained the details of the study, and informed consent 
was obtained.

Methodology

The subjects’ general conditions (age, gender, systolic 
blood pressure, diastolic blood pressure); underlying 
diseases (coronary heart disease (CHD), hypertension and 
diabetes mellitus) were recorded. Fasting venous blood 
samples (5 ml) were collected under aseptic conditions from 
the study group after taking informed consent.

Estimation of serum creatinine

The blood samples were collected using BD vacutainer 
needles into yellow-topped BD gel vacutainers for serum 
creatinine estimation. The blood samples for serum creati-
nine were centrifuged at 3000 rpm for 15 min. The serum 
was separated and stored in storage vials at -70°C until 
analysis. The method for measurement of serum creatinine is 
by modification of kinetic Jaffe reaction, and was estimated 
by using the standard method on the same day of collection 
by a Roche supplied kit method in Cobas C311 after running 
quality control samples. This method has a measurement 
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range of 0.05-20 mg/dl of serum creatinine. The reference 
range of serum creatinine values was 0.9-1.3 mg/dl in males 
and 0.6-1.1 mg/dl in females.

Determination of eGFR 

The estimated glomerular filtration rate (eGFR) test was 
applied to assess kidney function and determine the stage of 
renal disease. The Cockcroft-Gault equation was used to cal-
culate eGFR in both cases and controls: Estimated creatinine 
clearance (ml/min) = (140-age) body weight (kg)/72Pcr (mg/
dl). For women, multiplication is by 0.85. Kidney Disease 
Outcomes Quality Initiative recommendations [8,9] were 
employed to determine the CKD stage. In healthy adults, 
normal eGFR readings are often greater than 60 ml/min/ 
1.73 m2, at least before the age of 70 years. However, as 
people become older, their eGFR falls physiologically, 
and readings below 60 ml/min/1.73 m2 may be regarded 
as typical in those over 70 years. Accordingly, stage 1 = 
GFR 90 ml/min with evidence of kidney damage; stage 2 = 
GFR 60-89 ml/min with evidence of kidney damage; stage  
3 = GFR = 30-59 ml/min – with or without evidence of 
kidney damage; stage 4 = GFR =15-29 ml/min – with or 
without evidence of kidney damage, and stage 5 = GFR 15 
ml/min – with or without evidence of kidney damage [10].

Estimation of hsCRP by Particle enhanced 
immunoturbidimetric assay

CRP testing involved using a Cobas C311 (Roche/
Hitachi, France). This is an immunoturbidimetric assay for 
the in vitro quantitative detection of CRP in human serum 
and plasma. It consisted of exposing Human CRP aggluti-
nates to latex particles coated with monoclonal anti-CRP 
antibodies. Turbidimetric analysis was then employed to 
determine the aggregates. CRP is a trace protein that can 
range upwards from 0.8 mg/dL in healthy people. The serum 
CRP concentration rises swiftly and significantly after the 
commencement of the acute-phase response. Between 6 to 
8 h, changes are visible, and the maximal value is attained 
within 24 to 48 h. The American Heart Association/Centers 
for Disease Control Working Group on markers of inflam-
mation in CVD has classified serum hsCRP values of 1, 1-3, 
and >3 mg/l as low, intermediate, and high-risk groups for 
global CVD, respectively, based on evidence from popu-
lation-based studies [10]. The expected value is 0.8 mg/dl.

Estimation of Fibrinogen

A fibroquant kit from Tulip was used to measure fibrino-
gen levels in blood samples. Fresh citrated plasma coagulates 
when thrombin reagent is added. The time it takes for blood 
to clot is proportional to the amount of fibrinogen present. 
After extracting the needle from the syringe, this allows mea-
surement of plasma fibrinogen using a functional clotting 
assay. In this research, nine parts of freshly drawn blood 
were combined with one part sodium citrate (0.11 mol/l,  
3.2 percent sodium citrate). The plasma was then trans-
ferred to a clean test tube after centrifuging for 15 min at 
3000 rpm. Within 3h after collection, plasma was analyzed. 
In doing so, the plasma samples were diluted (1:8) with 
Owrens buffer and loaded into separate sample cups with 
appropriate identity numbers, and the required amount of 

FIBROQUANT thrombin reagent and washing solution was 
subsequently added in the respective reagent positions. The 
fibrinogen concentration in the plasma sample was measured 
using the FBG programme. The fibrinogen concentration in 
1:8 diluted plasmas represents the 100% fibrinogen concen-
tration of the sample. Samples with Fibrinogen mean error 
(FME) results were retested. The fibrinogen concentration 
reported by the instrument multiplied by the appropriate 
dilution factor represents the fibrinogen concentration of 
the sample.

Estimation of total cholesterol, HDL-cholesterol, 
triglyceride, LDL, VLDL

A  Cobas C311 analyzer was used to measure 
cholesterol, triglycerides, high-density lipoprotein (HDL)-
cholesterol, low-density lipoprotein (LDL), and very low 
density lipoprotein (VLDL). Cholesterol was measured 
enzymatically with Roche Diagnostics’ Cholesterol High-
Performance reagent. Triglycerides and cholesterol were 
tested enzymatically at the same time using reagents as per 
the manufacturer’s instructions. The same reagent was used 
to measure triglyceride blanks, but without lipase. Roche 
Diagnostics provides a direct HDL-cholesterol reagent, 
which was used to measure cholesterol and triglycerides 
simultaneously. VLDL and LDL determinations were done 
in the same way. The following are the predicted cholesterol, 
triglyceride and HDL-cholesterol values: Cholesterol 
Concentration (mg/dl) – Interpretation: < 200 Desirable, 
200-239 Borderline, High > 240, for High Triglyceride 
Concentration (mg/dl) – Interpretation: < 200 Desirable, 
200-400 Borderline, 400-1,000 High and > 1.000 Very High, 
and for HDL-cholesterol (mg/dl) – Interpretation: < 35 Low, 
> 60 High. For LDL the values are Optimal – Less than  
100 mg/dl, near optimal – 100-129 mg/dl, Borderline high 
– 130-159 mg/dl, High – 160-189 mg/dl. The VLDL normal 
levels range from 5-40 mg/dl.

Statistical analysis

Statistica 24.0 was used to perform statistical analysis 
on the data. The data was given in a  tabular format.  
The study population’s demographic features were described 
via univariate analysis. The significance between the two 
groups was determined using a student t-test. To see if all 
of the measures together are significantly superior predic-
tors of cardiovascular events in CKD patients, Chi-square 
testing was applied. The significant connections between 
categorical variables were also determined using the Chi-
square test. Pearson’s correlation was then employed to find 
a link between all of the different variables. P values of less 
than 0.05 were deemed significant.

RESULTS

The current study involved 100 CKD stage III and IV 
patients and 100 control subjects without CKD. All the 100 
CKD subjects were non-dialysis patients. Since various bio-
markers like serum creatinine, eGFR, hsCRP, fibrinogen, 
and lipid profile act as early predictors of CAD in CKD 
at stage III/IV patients, their levels were compared with 
the control group, i.e. without CKD, in the current study. 
The CKD III and IV group comprised 60 (60%) males  
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and 40 (40%) females, whereas the control group contained  
68 (68%) males and 32 (32%) females. The mean age 
group of CKD patients was 54.54 years, and the control 
group was 54.07 years. Among the 100 subjects in the 
control and test groups, 38% of the test subjects and 40% 
of the control subjects were diabetic patients. However, 
we did not focus on the glycemic status of either the 
control and test patients. Beyond the aforementioned, 60% 
of the test patients and 28% of the control patients were 
hypertensive patients. The results presented in Table 1  
and Table 2 show the chi-square test significance of both 
control and CKD population, respectively. By comparing 
the serum creatinine levels between the test subjects, i.e. 
patients diagnosed with CKD, and control subjects, i.e. 
patients without CKD, the results showed that there was 
a significant rise in the mean values of serum creatinine 
for CKD patients (28.76±0.57), compared with control 
subjects (0.842±0.085). The estimated glomerular filtra-
tion rate (eGFR) was decreased significantly for CKD 
patients (28.37±7.98) when the results were compared 
with control patients (111.34±14.4). Moreover, the lipid 
profile mean values (Cholesterol: 214.5±18.8, Triglycerides: 
162.1±20.6, VLDL: 32.41±4.13) were high for CKD patients 
when the results were compared with control patients 
(Cholesterol: 155.6±16.8, Triglycerides: 129.9.1±12.8, 
VLDL: 26.04±2.49). In contrast, the mean values of HDL 
(28.34±4.02 and LDL 153.77±18.2) were less for the CKD 
group than that for the control group (HDL 40.42±3.99 and 
LDL 155.64±16.8). There was also a high significant rise in 
the mean values of hsCRP of CKD patients (34.28±3.257), 
compared with control patients (7.47±1.488).

In addition, the fibrinogen mean value of the CKD group 
(291.63±138.7) was comparatively higher than the control 
group (247.5±48.29).

The results revealed that all the variables were highly sig-
nificant p <0.00000 and strongly influenced the early detec-
tion of cardiovascular events in Chronic Kidney Disease 
III and IV patients. However, by performing the Pearson’s 
correlation coefficient analysis (Table 3) upon all the study 
variables, serum creatinine showed significant (p=0.03) 
negative correlation, and the eGFR demonstrated signifi-
cant (p=0.01) positive correlation between control and CKD 
patients, whereas the other variables showed an insignificant 
positive correlation between control and CKD stage III and 
IV patients. In this study, higher mean values of hsCRP 
(34.28 mg/dl), increased serum creatinine levels (2.876  
mg/dl), reduced eGFR (28.37 ml/min), high levels of serum 
fibrinogen (291.6mg/dl) and cholesterol (214.5 mg/dl), HDL 
(28.34 mg/dl), TG (162.1 mg/dl), VLDL (32.41 mg/dl) and 
LDL (153.77 mg/dl) are independent predictors of assess-
ment of CV events in patients with CKD stages III and IV 
as determined by Chi-square test, and play significant roles 
for the development of CVD in CKD patients stage 3 to 4  
(Table 4 and Figure 1).

Figure 1 depicts the higher mean values of hsCRP, increased 
serum creatinine levels, reduced eGFR, high levels serum 
fibrinogen and cholesterol. As evident in the figure, HDL, 
TG, VLDL and LDL are independent predictors of assessment 
of CV events in patients with CKD stages III and IV. 

Table 1. Chi-square test results of control population
Study variables  

of control 
population

Mean Median Standard 
deviation

Standard 
error

95% 
Confidence 

level

99% 
confidence 

level
Serum 
Creatinine 0.842 0.8 0.0855 8.55E-03 0.017 0.023

eGFR 111.34 110 14.403 1.4403 2.8579 3.783

Cholesterol 155.61 151 16.8438 1.6844 3.3422 4.424

HDL 40.42 40 3.995 0.4 0.793 1.049

Triglycerides 129.9 128 12.85 1.285 2.55 3.375

VLDL 26.04 25.6 2.4901 0.249 0.4941 0.654

LDL 155.64 151 16.805 1.6805 3.3346 4.414

hsCRP 7.47 7.9 1.4889 0.1489 0.2954 0.391

Fibrinogen 247.57 226 48.2986 4.8299 9.5837 12.68

p<0.000001 (Highly significant)

Table 2. Chi-square test results of CKD population
Study variables 
of CKD (test) 
population

Mean Median SDV SE
95% 

Confidence 
level

99% 
Confidence 

level
Serum 
Creatinine 2.876 2.8 0.5702 0.057 0.1131 0.1498

eGFR 28.37 28 7.9819 0.7982 1.5838 2.0965

Cholesterol 214.52 206 18.806 1.8806 3.7316 4.9396

HDL 28.34 28 4.021 0.4020 0.7980 1.0560

Triglycerides 162.1 162 20.66 2.0660 4.1000 5.4270

VLDL 32.41 32.4 4.1322 0.4132 0.8199 1.0854

LDL 153.77 146.4 18.292 1.8292 3.6297 4.8047

hsCRP 34.28 21.5 3.25735 3.2573 6.4634 8.5557

Fibrinogen 291.638 223 138.7385 13.8739 27.5293 36.4409

p<0.0000001 (Highly significant)

Table 3. Pearson’s Correlation between control and CKD subjects
Biomarkers P (Significance) R (Correlation)

Serum Creatinine 0.030 -0.217*

eGFR 0.016 0.239*

Cholesterol 0.250 0.116

HDL 0.603 0.053

Triglycerides 0.563 0.059

VLDL 0.510 0.067

LDL 0.222 0.123

hsCRP 0.141 0.148

Fibrinogen 0.425 0.081

Table 4. Comparison of parameters between CKD and Control 
groups

Parameters CKD group  
Mean ±SD/median

Control group
Mean ±SD/median P value

Serum Creatinine 2.876±0.5702 0.842±0.0855 <0.000001*

eGFR 28.37±7.9819 111.34±14.403 <0.00001*

Cholesterol 214.52±18.806 155.61±16.8438 <0.0001*

HDL 28.34±4.021 40.42±3.995 <0.000001*

Triglycerides 162.1±20.66 129.9±12.85 <0.00001*

VLDL 32.41±4.1322 26.04±2.4901 <0.000001*

LDL 153.77±18.292 155.64±16.805 <0.0001*

hsCRP 34.28±3.25735 7.47±1.4889 <0.000001*

Fibrinogen 291.638±138.7385 247.57±48.2986 <0.00001*
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DISCUSSION

The kidneys and heart are closely related with regard to 
heart failure, and CKD patients have a high risk of CVD, 
according to numerous studies. Despite dialysis, the annual 
mortality rate in India for ESRD is above 20%, with cardio-
vascular disease accounting for more than half of the deaths. 
People with end-stage CKD (dialysis) have a five-fold lower 
life expectancy from cardiovascular disease as compared to 
healthy people.

In 1998, the National Kidney Foundation’s Task Force on 
CVD in CKD issued research underlining the increased risk 
of CVD in people with CKD [11]. These findings revealed 
a high frequency of CVD in people with CKD and the fact 
that CVD-related mortality in dialysis patients was 10 to 
30 times greater than in the general population. A variety 
of cardiovascular biomarkers have recently been identified 
as predictors of patient outcome in persons with CVD. With 
additional research, they may be exploited to guide early 
CVD diagnosis and therapy in persons with CKD [12-14].

In our study, according to the chi-square test and Pear-
son’s correlation analysis, elevated levels of hsCRP, serum 
creatinine, decreased eGFR, serum fibrinogen and dyslipid-
emia are independent predictors of evaluation of CV events 
in patients with CKD stages 3 and 4. These biomarkers 
have been found to play a key role in the course of CVD 
in patients with chronic kidney disease. Factors including 
demographics, cardiovascular illness and kidney disease 
have no bearing on this collaboration. A decline in kidney 
function has constantly been shown to be an independent 
risk factor for cardiovascular disease and all-cause mor-
tality in patients following heart attacks, those undergoing 
coronary procedures, patients with heart failure, and patients 
with hypertension or diabetes and elderly subjects. However, 
this association has been inconsistent in prospective inves-
tigations of broad populations. The majority of the CKD 
patients in this study were under the age of 54. The most 
prevalent aetiologies of CKD were diabetes mellitus, chronic 
glomerulonephritis, and hypertension (among others), which 
was consistent with earlier data [15-22].

In individuals with CKD, highly selective C-reactive 
protein has been quite effective in determining cardio-
vascular risk. Control patients with mean hsCRP values 
of 7.47 mg/dl had no chance of CVD risk, whereas CKD 
participants with serum hsCRP levels of 34.28mg/dl had 
a moderate to high cardiovascular incident risk [21-24]. 
This study found that CKD patients in stages 3 and 4 have 
a significantly greater risk of cardiovascular events. The 
median serum level of hsCRP in the CKD population was 
considerably more significant than in the controls (who did 
not have CKD). This study reveals that the inflammatory 
process in CKD begins before dialysis and is not solely due 
to dialysis, as the CKD patients in this study were dialysis 
naive. Inflammation, as measured by CRP level, increases 
with decreasing renal function in CKD patients in stages 3 
to 4, according to this study.

Renal dysfunction in heart failure patients can be compli-
cated and multifaceted, with decreased renal perfusion and 
venous blockage being the most common causes [25,26]. 
Inflammatory and cellular immune-mediated mechanisms; 
stress-mediated and neurohormonal responses; metabolic 
and nutritional changes, such as bone and mineral disor-
ders, altered haemodynamic and acid-base or fluid status, 
anaemia growth and intrinsic tubular harm are among the 
other mechanisms involved in the process.

Many variables, including dyslipidemia, can cause renal 
impairment in heart failure patients [27]. Dyslipidemia  
is a well-known cardiovascular (CV) risk factor in the 
general population. However, epidemiologic studies and 
clinical trials in CKD [27-30] have cast doubt on the impact 
of dyslipidemia on clinical outcomes and, as a result, the 
optimum lipid profile. In the general population, high LDL 
cholesterol, low HDL cholesterol, and, to a lesser extent, 
high total triglyceride levels are all connected to higher ath-
erosclerotic CV risk [31]. The bulk of the research in dialysis 
populations, including cross-sectional and longitudinal 
studies, does not indicate a clear link between dyslipidemia 
and CVD [30-32]. This ostensibly atypical relationship may 
be attributed, in part, to the methods used to measure dyslip-
idemia. However, the results in the current study were varied 
compared to earlier studies wherein high plasma cholesterol 
(214.5 mg/dl), low concentration of HDL (28.34 mg/dl)  
and higher concentration of TGs (162.1 mg/dl), VLDL 
(32.41 mg/dl) and LDL (153.77) were more commonly 
reported in CKD patients, as compared to control subjects. 
Furthermore, as indicated by Attman and Alaupovic [32], the 
atherogenic potential of dyslipidemia in CKD can rely more 
on the apolipoprotein than on lipid abnormalities and may 
not always be recognized by measuring plasma lipids alone.

The present study reported lower GRF and high serum 
creatinine concentration (2.876 mg/dl) in CKD patients 
(28.37 mL/min·1.73 m2). Shlipak et al. [33] reported that 
11% of all participants had an eGFR < 60 mL/min·1.73 m2, 
indicating that CKD is highly prevalent in patients with 
CAD patients, especially heart failure patients. The results 
were consistent with the present study. Similarly, Garg et al.  
[34] and Muntner et al. [2] showed similar findings and were 
consistent with the present study.

In this investigation, a plasma fibrinogen level of 291.638 
mg/dl was shown to be substantially linked to a higher risk 
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patients
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of CVD. In our study, high plasma fibrinogen levels demon-
strated a considerable linkage with CV and all-cause mortal-
ity, which is similar to findings from several investigations 
on patients with stage 3-4 CKD [35-37]. In the literature, 
researchers put forth that nonenzymatic glycosylation and 
fibrinogen oxidation have impact upon the characteristics 
of clots in CKD patients. Nonenzymatic glycosylation and 
oxidized fibrinogen can reduce clot permeability, increase 
fiber density, or decrease porosity in combination with 
a smaller individual fiber diameter, resulting in a higher 
proportion of thin fibers and the formation of stiffer clots 
that are less sensitive to plasmin and more difficult to lyse. 
Increased clot density owing to high fibrinogen levels in 
dialysis patients has been associated with CV and all-cause 
mortality separately and strongly [38-40].

CONCLUSION

In this paper, the authors analyzed the use of established 
and significant laboratory biomarkers for assessing CKD risk 
in the general population. The high rate of CVD events and 
premature mortality in patients with CKD, a sharp rise in risk  
as GFR falls below 60 mL/min/1.72 m2, higher serum creati-
nine, C-reactive protein, dyslipidemia, fibrinogen, and other 
factors, provide a foundation for improved risk stratification 
in the general population. The increased rate of CV problems 
found in CKD patients is attributable to a mix of traditional 
risk factors, as well as those that are more intimately tied  
to the loss of renal function (anemia, oxidative stress, inflam-
mation, and bone mineral disorders). This technique implies 
that a prompt and accurate assessment of cardiovascular 
risk will enable more aggressive and focused treatment  
of individuals who are most in need of preventive interven-
tions to decrease incident rates.
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