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Abstract

Background

Chronic kidney disease (CKD) is characterized by kidney damage or a decline in glomerular filtration rate (GFR) over three
months, often leading to various complications and stages of severity. Biomarkers such as C-reactive protein (CRP), D-
dimer, and folic acid have been implicated in CKD progression, yet their correlation across different CKD stages
remains to be fully elucidated. The study aims to do a comparative study of D-dimer, CRP, and Folic acid in different stages
of chronic kidney disease.

Methods

The study employed a cross-sectional design. Serum samples from 150 CKD patients were collected and analyzed for CRP,
D-dimer, and folic acid levels using standard laboratory procedures. Statistical analysis was performed using SPSS software
and Microsoft Excel to assess the significance of biomarker variations across CKD stages.

Results

Serum CRP, D-dimer, and folic acid levels showed significant variances across CKD stages, displaying lower CRP and
higher folic acid in CKD stage 1, and elevated D-dimer in later stages. Monitoring these biomarkers is pivotal for gauging
CKD progression and severity, notably highlighting the rise in CRP and D-dimer with advancing CKD stages, and the higher
folic acid levels seen in earlier CKD stages.

Conclusion

The study underscores the importance of monitoring biomarker levels in CKD progression, with CRP and D-dimer serving
as potential indicators of disease severity. Additionally, the observed inverse relationship between folic acid levels and CKD
staging warrants further investigation into its potential protective role against CKD progression.

Recommendations
Clinicians should consider incorporating regular assessment of CRP, D-dimer, and folic acid levels into CKD management
protocols to better understand disease progression and tailor treatment strategies accordingly.
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INTRODUCTION

According to the KDIGO guidelines, chronic kidney disease

bone disease, and anemia. The most common causes are

(CKD) is defined by kidney damage, either structural or
functional, or a decline in glomerular filtration rate (GFR)
below 60 mL/min/1.73 m2 of body surface area for
over 3 months. Initially asymptomatic, later symptoms may
include vomiting, fatigue, pedal edema, and confusion.
Complications include heart disease, high blood pressure,

diabetes mellitus, hypertension, and glomerulonephritis [1].
Stage 1: Characterized by slightly diminished kidney
function, normal or relatively high GFR (>90 ml/min/1.73
m2), and persistent albuminuria.

Stage 2: Exhibits mild reduction
ml/min/1.73 m2) with kidney damage.
Stage 3: British guidelines distinguish between stage 3A
(GFR 45-59) and stage 3B (GFR 30-40) for screening and

in GFR (6089
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referral purposes. It involves a moderate reduction in GFR
(30-59 ml/min/1.73 m2).

Stage 4: Indicates preparation for kidney replacement
therapy with a severe reduction in GFR (15-29 ml/min/1.73
m2).

Stage 5: Represents permanent replacement therapy or end-
stage kidney damage with established kidney failure (GFR
<15 ml/min/1.73 m2) [2].

D-dimer, a fibrin degradation product (FDP), is a small
protein fragment released into the bloodstream during
fibrinolysis, the breakdown of blood clots. Its name stems
from being composed of two crosslinked D fragments of the
fibrin  protein. Blood tests measuring D-dimer
concentrations help identify thrombosis. However, positive
D-dimer results lack clear diagnostic value for end-stage
renal disease (ESRD) patients undergoing hemodialysis due
to frequent comorbidities like atherosclerosis and
malignancy, which also elevate serum D-dimer levels [3, 4].
In these cases, D-dimer levels correlate with the stage of
chronic kidney disease (CKD) and disease progression.
Moreover, studies suggest that the CKD stage influences D-
dimer levels, reducing the specificity of D-dimer testing for
pulmonary embolism detection in CKD patients. Hence, this
research aims to explore serum D-dimer levels and their
correlation with glomerular filtration rate (GFR) in CKD
patients [5, 6].

C-reactive protein serves as an inflammation marker, a
pentameric  protein in  plasma with circulating
concentrations rising in response to inflammation.
Monitoring and charting CRP values can help assess disease
progression or treatment efficacy. In kidney failure, CRP
levels can elevate even without clinically significant
inflammation. Additionally, CRP levels independently mark
atherosclerotic disease [7, 8].

Folate, also known as vitamin B9 or folacin, is essential for
RNA and DNA synthesis and amino acid
metabolism crucial for cell division. Folic acid, a form of
folate, is used to treat anemia. Methionine production from
homocysteine requires vitamin B12 and folate.
Supplementation with folic acid in CKD patients can reduce
homocysteine levels, consequently lowering cardiovascular
events [9, 10].

Therefore, the study aims to do a comparative study of D-
dimer, CRP, and Folic acid in different stages of chronic
kidney disease.

MATERIALS AND METHODS

Study Design

A cross-sectional design to assess serum levels of D-dimer,
CRP, and folic acid in patients attending the Nephrology
OPD at Shri Mahant Indresh Hospital.
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Study Setting

The study was conducted at Nephrology OPD of Shri Guru
Ram Rai (SGRR) Medical College and Hospital, and Shri
Mahant Indresh Hospital, Dehradun, India, between March
2022 to January 2023.

Participants
The participants included 150 patients who visited the
Nephrology OPD.

Inclusion Criteria

-Patients diagnosed with chronic kidney disease (CKD) of
any stage.

-aged 18 years and above.

-available serum samples for CRP, folic acid, and D-dimer
assessment.

-documented CKD staging according to
guidelines (e.g., KDIGO staging).

recognized

Exclusion Criteria

-Patients with acute kidney injury.

-history of kidney transplantation.

-autoimmune diseases affecting kidney function (e.g., lupus
nephritis).

-acute infectious diseases or active inflammation.

A history of recent major surgery or trauma.

-hematological disorders affecting CRP, folic acid, or D-
dimer levels (e.g., leukemia).

-inadequate medical records or incomplete demographic
information.

Sample size
To calculate the sample size for this study, the following
formula was used for estimating a proportion of a
population:
n=22xpx(1-
E2
Where:
- n =sample size
- Z = Z-score corresponding to the desired level of
confidence
- p = estimated proportion in the population
- E = margin of error

Bias

To minimize bias, the selection of participants is
randomized, and data collection is performed by trained
healthcare professionals following standardized procedures.

Variables

Variables included Serum levels of D-dimer, CRP, and folic
acid, participants' demographic information, medical
history, and laboratory test results.
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Data Collection

Serum samples were taken for serum D-dimer, CRP, and
folic acid in patients coming to Nephrology OPD. CRP &
Folic acid run on VITROS XT 7600 / VITROS 5600
integrated system using intelli-check technology and for D
—dimer Automated latex enhanced immunoassay.

Statistical Analysis

The collected data was analyzed for p-value, student T-test,
mean, and standard deviation with the help of SPSS's latest
software and Microsoft Excel.
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Ethical considerations

The study protocol was approved by the Ethics
Committee and written informed consent was received from
all the participants.

RESULTS

In the study, all 150 samples were analyzed for serum CRP,
Folic acid, and D-dimer and subjects were categorized based
on chronic kidney diseases. Table 1 shows the comparison
and statistical significance of biochemical markers between
different stages of chronic kidney diseases.

Table-1: Comparison of serum CRP, Folic acid and D-dimer in different stages of chronic

kidney diseases.

[CKD Stages "CRP (in mg/dl) |

| CKD-1 656+445 |

| CKD-2 512296

| CKD-3 10.86 + 9.64

KD 134950908
14.20= 12.68

| CKD-5

“D-dimer (in ng/ml ) | Folic acid (in ng/ml ) |

246,30 = 106.79

6.53 £2.62

237.13 + 64.08 6.06 + 1.87
406.23 + 248.44 | 7.0=278
77605,50 + 598.71 6.54 =283
 544.54 432238 462+ 1.87

Graph Chart-1: Comparison of serum CRP and folic acid in different stages of chronic kidney
diseases.
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Graph Chart-2: Comparison of serum D-dimer in different stages of chronic kidney diseases.
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D-DIMER

Table 1, graph chart 1 and graph chart 2 show the  D-dimer levels were lower in CKD stage 1 than CKD stage
comparison of serum CRP, folic acid and D-dimer in 5 and folic acid was higher in CKD stage 3 and lower in
different stages of chronic kidney diseases. Serum CRP and  CKD stage 5.

Table-2: T-Test and P- Value of serum CRP, D —dimer and folic acid between CKD-1 with
different stages of chronic kidney diseases.

' T-TEST VALUE f P-Value
STAGES CRP  Ddimer | Folic | CRP  D-dimer | Folic
acid acid
"iTKKiVi"}'E-éTi{if-'i""*3373'*4*44'4“7 7—4".6'3'7i 0.0001 | 0.0001 | 0.000081
CKD-1vsCKD-3 | 403 583 401 [ 00003 <001 0.00041
CKD-1v/sCKD4 | 242 913 458 | 002 <0.01 <0.01
CKD-1 vis CKD-5 ] 1266 | 7.04 5.39 I <001 | <001 <0.01

Graph chart-3: T-Test value of serum CRP, D-dimer and folic acid between CKD-1 with
different stages of chronic kidney diseases.

T-TEST VALUE BETWEEN CKD-1 V/S OTHER STAGES OF
CKD
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Table-3: T-Test and P- Value of serum CRP, D-Dimer and folic acid between CKD-2 with
different stages of chronic kidney diseases.

T-TEST VALUE

STAGES | CRP | D-dimer
[CKD-2 vis CKD-3 586 ).86
[ CKD-2 vis CKD-4 147 13.01
|CKD2visCKD-5 | 50 920

P-Value

Folic | CRP | D-dimer Folic

ackd

6.40

ackd

0,01 | 0.01 0.0]

7.7 0000111 <0.01 “0.01

<001 | <001 0.01

Graph Chart-4: T-Test Value of serum CRP, D-dimer, and folic acid between CKD-2 with
different stages of chronic kidney diseases.

T-TEST VALUE BETWEEN CKD-2 V/S OTHER STAGES OF
CKD

Table 2 and Table 3 show the statistical significance of (the
T-test and P-value) of serum CRP, D-dimer, and folic acid
between different stages of chronic kidney diseases.

Table 2 shows the T-test value of serum CRP is 4.53 (p-
value <0.01) for CKD-1 V/S CKD-2, 4.05 (p-value <0.01)
for CKD-1 V/S CKD-3, 2.42 (p-value 0.02) for CKD-1 V/S
CKD-4and 4.66 (p-value <0.01) for CKD-1 V/S CKD-5,
which was statistically significant.

The T-test value of serum d-dimer is 4.44 (p-value- <0.01)
for CKD-1 V/S CKD-2, 5.83 (p-value-<0.01) for CKD-1
VIS CKD-3, 9.13 (p-value- <0.01) for CKD-1 V/S CKD-4
and 7.04 (<0.01) for CKD-1 V/S CKD-5.

The T-test value of folic acid is 4.63 (p-value-<0.01) for
CKD-1 VIS CKD-2, 4.01 (p-value- 0.012) for CKD-1 V/S
CKD-3, 4.58 (p-value- 0.01) for CKD-1 V/S CKD-4 and
5.39 (p-value- <0.01) for CKD-1 V/S CKD-5.

Table 3 shows the t-test value of serum CRP is 5.86 (p-value
<0.01) for CKD-2 V/S CKD-3, 4.47 (p-value <0.000111)
for CKD-2 V/S CKD-4, and 5.0 (p-value 0.01) forCKD-2
VIS CKD-5, which was statistically significant.

The T-test value of serum d-dimer is 9.86 (p-value- <0.01)
for CKD-2 V/S CKD-3, 14.01 (p-value-<0.01) for CKD-2
V/S CKD-4, 9.29 (p-value- <0.01) for CKD-2 V/S CKD-5.
The T-test value of folic acid is 6.40 (p-value-<0.01) for
CKD-2 V/S CKD-3, 7.7 (p-value- 0.01) for CKD-2 VIS

CKD-4, 6.53 (p-value- 0.01) and 5.39 (p-value <0.01) for
CKD-2 V/S CKD-5.

DISCUSSION

The findings from the statistical analysis of serum
biomarkers among different CKD stages revealed
significant differences. Specifically, lower CRP levels (T-
test values ranging from 2.42 to 4.66, p < 0.02) and higher
folic acid levels (T-test values ranging from 4.01 to 5.39, p
< 0.02) were observed in CKD stage 1, while D-dimer levels
were notably elevated in advanced CKD stages (T-test
values ranging from 4.44 to 9.13, p < 0.01).

These results suggest a complex interplay between
inflammatory, thrombotic, and nutritional markers with
CKD progression. Monitoring these biomarkers is crucial
for assessing CKD severity, highlighting the heightened
inflammatory and thrombotic risks in advanced stages and
the potential for nutritional interventions early in CKD to
optimize outcomes.

Lalramenga et al. reported increased serum CRP levels in
CKOD patients [11], while Adejumo et al. found statistically
significant CRP levels in chronic renal failure [12]. Annuk
et al. also noted elevated serum CRP in CKD patients with
a significant p-value of <0.01 [13]. Pravin et al. reported
higher CRP levels in chronic kidney disease patients
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compared to normal subjects [14]. Abraham et al. concluded
that increasing CRP levels were associated with decreased
renal function in CKD patients [15]. Similarly, Michael
Shlipak et al. reported higher CRP levels in CKD
patients compared to normal individuals [16].

Charlotte Mosterd et al. found a positive association
between serum D-dimer and CRP in CKD patients [17],
which was also supported by Alyaa Abdelmaguid et al. and
Sexton et al., who reported higher D-dimer levels in CKD
patients [18][19]. Caroline Pereira Domingueti et al.
observed elevated D-dimer levels in CKD patients [20], a
finding echoed by Hiroyuki Naruse et al. [21]. Mykhaloiko
et al. and Meng-Jie Huang et al. also reported significantly
higher D-dimer levels in CKD patients [22][23]. Noha
Mohammed Siddig Mohammed and Hiba BadrEldin Khalil
found increased D-dimer levels in chronic kidney disease
patients [24].

On the other hand, Beatriz Baye et al. found lower folic acid
levels in CKD patients [25], a finding supported by
Christina M. Wyatt and J. David Spence and Alireza
Soleimani et al. [26][27]. Anurag A and Yonova D et al. also
reported reduced serum vitamin B9 levels in CKD patients
[28][29].

Generalizability

The findings regarding serum CRP, D-dimer, and folic acid
levels in different stages of chronic kidney disease (CKD)
suggest potential generalizability to broader CKD
populations. However, the generalizability may be
influenced by factors such as the specific demographics of
the study sample, variations in CKD etiology, and treatment
protocols. Therefore, while the trends observed in this study
are valuable indicators, broader generalizability would
require validation across diverse CKD cohorts to account for
potential confounding variables and ensure applicability
across different clinical settings.

CONCLUSION

In the study, highly significant values of D-dimer in
different stages of kidney disease mostly in CKD 4
and CKD5 were observed. This study also indicates the
presence of a high risk of venous thromboembolism and
cardiovascular  disease in the later stages of
CKD. The later stages of CKD for D-dimer levels should be
monitored. Folate levels were decreased in later stages of
kidney disease, so supplementation therapy should be
done to overcome this.

Limitations

The limitations of this study include a small sample
population who were included in this study. Furthermore,
the lack of a comparison group also poses a limitation
for this study’s findings.
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Recommendation

Clinicians should consider incorporating regular assessment
of CRP, D-dimer, and folic acid levels into CKD
management protocols to better understand disease
progression and tailor treatment strategies accordingly.
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