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The aim of the study was to evaluate the relationship between D-dimer levels and different biomarkers
of renal diseases to identify the relationship between hypercoagulation and chronic kidney disease (CKD). To
achieve this aim, we conducted a one-step prospective observational study involving 140 patients with CKD
who were hospitalized in Ivano-Frankivsk Regional Clinical Hospital in Ukraine during 2018-2019. Of these
patients, 100 patients (71.4%, 95% CI 53.4-76.7) had glomerulonephritis (GN) and 40 patients (28,6%, 95%
CI 21.3-36.8) had diabetic nephropathy (DN). All patients underwent standard examination, which included
general clinical, biochemical and instrumental research methods. D-dimer was quantitatively determined
in blood serum by enzyme-linked immunosorbent assay (ELISA). The 140 patients were divided into two
groups according to the level of D-dimers: normal level (<0.5 mg/l) and elevated level (>0.5 mg/l). Elevated
D-dimer levels were associated with an increased age of patients, decreased glomerular filtration rate, de-
creased blood albumin level, increased daily protein excretion and a tendency to develop thromboembolic
complications during 1 year of monitoring. D-dimer is a biological marker that can detect hypercoagulation
at an early preclinical stage in patients with CKD and identify patients with an increased cardiovascular risk,
thereby promoting the earliest use of antiplatelet agents and anticoagulants and, consequently, it can reduce
mortality.
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Introduction

Chronic kidney disease (CKD) is a global
health care problem. Existing CKD significantly in-
creases the risk of death, especially because of car-

However, in the same patients the risk of
bleeding significantly increases due to platelet dys-
function, impaired platelet interaction with blood
vessels, taking certain medicines (antiplatelet agents,

diovascular complications [1].

Patients with kidney diseases are prone to both
thrombosis and bleeding. The prothrombotic state
in CKD, especially in glomerular diseases, is asso-
ciated with: vascular endothelial damage, increase
in certain coagulation factors and antifibrinolytic
factors, decrease in anticoagulant proteins, dyslipi-
demia, nephrotic syndrome and hypoalbuminemia,
and changes in thrombocyte membranes. The risk of
thromboembolic complications increases 2,5-fold in
CKD stages II-111, and 5,5-fold in CKD stages I1I-1V

2].

anticoagulants), vascular wall disorders, comorbidi-
ties and coexisting conditions (anemia, myeloma,
amyloidosis with kidney lesions) and dialysis treat-
ment [3].

Understanding the nature and severity of
changes in the indicators of the hemostasis system in
patients with CKD will allow timely application of
therapy with antiplatelet agents and anticoagulants
[4].

D-dimer is a specific product of decay (degra-
dation) of fibrin fibers under the action of plasmin
and some non-specific fibrinolytics. The concentra-
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tion of D-dimer in blood serum is proportional to
the activity of fibrinolysis and the amount of lysed
fibrin [5]. The level of D-dimer indicates the inten-
sity of the fibrin clots’ formation and destruction
processes. The elimination half-time of D-dimer is
about 8 hours, with clearance carried out through the
kidneys and reticuloendothelial system [6].

D-dimer is considered to be a marker of hy-
percoagulation and endogenous fibrinolysis. It is a
sensitive marker for the diagnosis of disseminated
intravascular coagulation (DIC) syndrome and for
monitoring the dynamics of initiated therapy [7].
D-dimer is an independent risk factor for cardio-
vascular death and coronary heart disease, and its
utility as a marker in subclinical thrombophilia has
been shown [8]. A normal level of D-dimer excludes
the presence of thrombosis and DIC-syndrome in
patients with a probability of 85-90%, its elevated
levels indicate hypercoagulation and require further
studies to visualize thrombi [6].

The objective of our study was to evaluate the
relationship between D-dimer levels and different
biomarkers of renal diseases to identify the relation-
ship between hypercoagulation and CKD.

Materials and Methods

We conducted a one-step prospective observa-
tional study involving 140 patients with CKD who
were hospitalized at the Ivano-Frankivsk Regional
Clinical Hospital (Ukraine) during 2018-2019. Of
these patients, 100 patients (71.4%; 95% CI 53.4-
76.7) had glomerulonephritis (GN) and 40 patients
(28.6%; 95% CI 21.3-36.8) had diabetic nephropa-
thy (DN). Among the patients, there were more
men (n =92, 65.7%; 95% CI 57.2-73.5) than women
(n =48, 34.3%; 95% CI 26.5-42.8). The average age
of the patients was 46 years (41; 49).

The clinical diagnosis was determined based
on standard methods of examination of patients ac-
cording to the classification of kidney diseases and
protocols of management of patients with CKD. All
studies were performed in compliance with the pro-
visions of the Council of Europe Convention on Hu-
man Rights and Biomedicine and the recommenda-
tions of the Bioethics Committee of the Presidium
of the National Academy of Medical Sciences of
Ukraine (Kyiv 2014, 2016).

During the study, a standard examination was
performed on all patients, which included general
clinical, biochemical and instrumental research
methods. Biochemical tests and enzyme-linked im-
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munosorbent assays (ELISAs) were performed in
the laboratory of Ivano-Frankivsk Regional Clinical
Hospital. The research was performed in accord-
ance with international standards for the coordinated
participation of respondents, the ethical component
of research and biomaterial collection. All patients
signed a written informed consent to participate in
the study.

The glomerular filtration rate (GFR) was deter-
mined using a CKD-EPI calculator (https:/nephrol-
ogy.kiev.ua/eGFR/gfr.htm). Daily protein excretion
(DPE) is a marker for assessment of the functional
status of the kidneys, and was determined by colori-
metric method (Dialab, Wiener Neudorf, Austria)
in urine collected within 24 hours. Urine should be
stored at a temperature of 2-25 °C. DPE reference
value: <300 mg/day. The urinary albumin/creatinine
ratio (ACR) was determined using the method of
turbidimetry from urine specimens collected in the
morning. ACR reference value: <30 mg/g.

Blood obtained from the patient’s ulnar vein
(on an empty stomach) was used to study D-dimer.
Blood serum was separated from erythrocytes by
centrifugation (3000 rpm) for 10 min. Serum was
stored at a temperature of 2-6 °C. The analysis was
performed up to 12 h from the time of blood collec-
tion.

D-dimer was determined in blood serum quan-
titatively by ELISA using a set of reagents (Getein
Biotech, Nanjing, China). The test uses D-dimer
monoclonal antibodies conjugated to colloidal gold
applied in the test area. After application of the test
sample of blood serum on the pad of the test strip,
D-dimer monoclonal antibodies interact with the
D-dimer in the sample and form an antigen-antibody
complex. After that, the test cassette was inserted
into the ELISA FIA8000 (Getein Biotech, Nanjing,
China) to quantify the level of D-dimer.

Reference value for D-dimer levels: the con-
centration of D-dimers in blood serum of healthy
people with no thrombotic risk was <0.5 mg/l. The
140 patients were divided into two groups based
on D-dimer levels: normal level (<0.5 mg/l) and
elevated level (>0.5 mg/]).

STATISTICA 10 software (StatSoft, USA) was
used for statistical analysis. The frequency of quali-
tative indicators was presented in absolute () and
relative (%) frequencies with the indication of the
95% confidence interval (CI) in the form of “n (%;
95% CI)”. When analyzing quantitative data, it was
necessary to determine the nature of the distribu-
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tion of indicator values using Shpiro-Wilk’s test.
For quantitative data with a normal distribution,
the results were represented as “M (c),” where M
is the mean value and o is the standard deviation.
For quantitative data with an abnormal distribution,
“Me (q,; q,)” was used, where Me is the median and
q,;q, are quartiles. Quantitative indicators with nor-
mal distribution of values in 2 independent groups
were compared using the Student’s criterion. Quan-
titative parameters with abnormal distribution in 2
independent groups were compared using the Mann-
Whitney method. Comparison of 2 independent
groups for the qualitative indicator was carried out
according to the exact Fisher criterion.

Correlation of normal distributions was as-
sessed by determining the Pearson correlation co-
efficient, and in the abnormal distribution by the
Spearman’s rank correlation coefficient. A P-value
of <0.05 was considered to be statistically significant.

Results and Discussion

CKD stage I was diagnosed in 36 patients
(25.7%; 95% CI 18.7-33.8), CKD stage II - in 21 pa-
tients (15.0%; 95% CI 9.5-22.0), CKD stage Illa - in
24 patients (17.1%; 95% CI 11,3-24,4), CKD stage
IIb - in 31 patients (22.1%; 95% CI 15.6-29.9) and

CKD stage IV - in 28 patients (20.0%; 95% CI 13.7-
27.6).

In 86 patients (61.4%; 95% CI 52.8-69.5) with
GN and DN urinary syndrome was present, and in
54 patients (38.6%; 95% CI 30.5-47.2) nephrotic syn-
drome occurred.

In 25 patients (17.9%; 95% CI 11.9-25.2) the di-
agnosis of GN was confirmed morphologically, as
follows: in 11 patients (44.0%; 95% CI 24.4-65.1)
mesangioproliferative GN was confirmed, and 5
patients (20.0%; 95% CI 6.8-40.7) had membranous
nephropathy, 4 patients (16.0%; 95% CI 4.5-36.1)
had focal-segmental glomerulosclerosis, 3 patients
(12.0%; 95% CI 2.5-31.2) had nephropathy with min-
imal changes, and 2 patients (8.0%; 95% CI 1.0-26.0)
had membrane proliferative (mesangiocapillary) GN.

D-dimer levels (<0.5 mg/l) were normal in
56 patients (40.0%; 95% CI 31.8-48.6), but were
elevated (>0.5 mg/l) in 84 patients (60.0%, 95% CI
51.4-68.2). Based on the D-dimer levels, patients
were divided into 2 groups (Table).

As can be seen in the Table, elevated levels of
D-dimers were associated with an increased age of
patients, decreased GFR, decreased blood albumin,
increased DPE and a tendency to develop thrombo-
embolic complications during 1 year of monitoring.

Characteristics of patients with diabetic nephropathy (DN) and glomerulonephritis (GN) according to the

levels of D-dimer

Patients with normal

Patients with elevated

Characteristics of patients D-dimer levels D-dimer levels P value
(<0.5 mg/l), n =56 (>0.5 mg/1), n = 84

Sex, male (%; 95% CI) 62.5 (48.5-75.1) 67.9 (56.8-77.6) P=0.586
Sex, female (%; 95% CI) 37.5 (24.9-51.5) 32,1 (22.4-43.2) P=0.586
Age, years Me (q;; q,) 37 (34; 42) 48 (44; 51) P <0.001
Disease duration, years, Me (q;; q,) 10 (7; 14) 12 (8; 16) P>0.05
Creatinine, mmol/l, Me (q;; q,) 122.5 (91.4; 143.3) 178.2 (135.2; 243.8) P <0.05
Urea, mg/dl, Me (q;; q,) 9.4 (7.8;11,3) 16.8 (12.5; 18.3) P <0.05
GFR, ml/min/1.73 m3, Me (q;; q,) 92 (81; 113) 66 (43; 84) P <0.05
Albumin levels, g/1, Me (q;; q,) 32.4 (28.3; 34.7) 25.4 (22.1;27.4) P <0.05
DPE, mg/day, Me (q;; q,) 1232 (923; 1545) 3242 (1987; 4324) P <0.05
ACR, mg/g Me (ql; q,) 98 (51; 189) 378 (256; 578) P <0.001
D-dimer, mg/l, Me (q;; q,) 0.35 (0.26; 0.44) 1.53 (1.12; 2.15) P <0.001
Thrombotic complications,

(%3 95% CI) 0 (0.0-6.4) 6.0 (2.0-13.3) P=0.157

ACR — albumin/creatinine ratio, CI — confidence interval, DPE — daily protein excretion, GFR — glomerular filtration

rate; Me (q;; q,) — median and quartiles
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While there were more men than women in
both groups, the difference was not statistically sig-
nificant (P = 0.586).

Thromboembolic complications occurred in 5
of 84 patients (6.0%; 95% CI 2.0-13.3) with elevated
levels of D-dimers. There were deep vein thrombo-
ses of the lower extremities in 4 patients (4.8%; 95%
CI 1.3-11.7) and renal vein thrombosis in 1 patient
(1.2%; 95% CI 0.0-6.5).

After performing correlation analysis, we
found a direct weak correlation between the age of
patients and the D-dimer level (r = 0.235, P < 0.05),
an inverse average correlation between the GFR and
the D-dimer level (»=-0.614, P <0.05, Fig. 1), an in-
verse average correlation between the blood albumin
level and the D-dimer level (» = -0.467, P < 0.05),

and a direct medium-strength correlation between
DPE and the D-dimer level (» = 0.367, P < 0.05)
(Fig. 2).

Some studies have found an association be-
tween increased D-dimer levels and elevated DPE
levels and decreased GFR in patients with diabetes
mellitus [9, 10]. It was postulated that the association
between decreased GFR and elevated D-dimer levels
in patients with diabetes mellitus was due to the in-
creased formation of D-dimers rather than decreased
urinary excretion of this marker, as it was shown that
patients with DN had higher levels of D-dimers in
their urine than healthy people [11]. It was also deter-
mined that important natural anticoagulant proteins
(such as antithrombin, protein C, protein S) are lost
in the urine during high proteinuria, which enhances
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the state of hypercoagulation and the formation of
D-dimers [12]. Furthermore, it was hypothesized
that the decreased GFR also leads to endothelial
dysfunction and the release of Von Willebrand fac-
tor, which promotes platelet adhesion and aggrega-
tion and the formation of microthrombi, and thus an
increase in D-dimer levels [13].

Haase et al. (2013) and others demonstrated that
D-dimer levels increase with age, which was also
found in our study. These results can be explained
by the development of age-related changes in micro-
circulation and blood clotting, which contribute to
the creation of hypercoagulation status and a gradual
increase in D-dimer levels with aging [14].

Conclusions

Elevated levels of D-dimers are associated
with an increased age of patients, decreased GFR,
decreased blood albumin level, increased DPE and a
tendency to develop thromboembolic complications
during 1 year of monitoring.

D-dimer is a biological marker that can detect
hypercoagulation at an early preclinical stage in
patients with CKD and identify patients with an in-
creased cardiovascular risk, thereby promoting the
earliest use of antiplatelet agents and anticoagulants
and, consequently, it can reduce mortality.

Prospects for further research. In our opinion,
it would be interesting to study the levels of D-di-
mers depending on the type of treatment received
(cytostatics, hormones, anticoagulants, antiplatelet
agents), as well as depending on the morphological
variant of GN. Also, certainly, longer monitoring of
patients is required to better describe the thrombo-
embolic and cardiovascular complications in patients
with CKD.
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Mertoro JIOCITIIKEHHSA Oyio OLIIHUTH
3BSI30K MDK piBHAMH D-muMepiB Ta pi3HUMH
OiomapkepaMH HHPKOBHX 3aXBOPIOBaHb IS BH-
SIBJICHHSI B3A€EMO3B’SI3KYy MK TilepKOATYIISIIEI0
Ta XpOHIYHOIO XBopoOoro HHUpok (XXH). Hms
BUPILIEHHS MOCTABJICHOI METH HaMH OyJo TpoBe-
JICHO OJTHOMOMEHTHE MPOCIIEKTHBHE oOcepBalliiine
JMOCHiKeHHST 13 3amydeHHsM 140 marfieHTiB
i3 XXH, saxi mnepeOyBanu Ha CTaIliOHAPHOMY
nikyBaHHi B IBaHO-DpaHKiBChKifi  0oOmacHiit
KJTiHIYHIA nmikapHi npoTsarom 2018-2019 pokis, 3
Hux 100 (71,4%) xBopuX Ha TIOMEpYIOHE(PUT i
40 (28,6%) nHa nmiabetnuny Hedponariro. Ilig yac
JOCITI/DKEHHSI TIPOBEICHO CTaHAApTHE OOCTEXEeH-
HSI XBOPUX 3arallbHOKJIIHIYHUMH, OlOXiMIYHIMHU
Ta IHCTPYMEHTAJIBHUMH MeTomamu. D-mumep BH3-
HavaJId KiJTbKICHO 3a JIOTIOMOTOI0 iIMyHOEH3UMHOTO
aHaJi3y 3 BAKOPUCTaHHSIM Habopy peareHTiB Getein
Biotech (Kwuraii). Bcix marieHTiB Oyio MOiseHO
Ha JIBi Tpynu 3a piBHEM D-muMepiB: HOpMaIbHUI
piBenb D-mumepiB (< 0,5 MT/71) i BUCOKHN PiBEHB
D-mumepie (= 0,5 wmr/n). lligBumennit piBeHb
D-numepiB  acomirO€ThCsl 3 TIABUIIEHUM BIKOM
XBOPUX, 3HIKEHHSM MIBUIKOCTI KIIyOOYKOBOT
(hinmprparmii, 3HWKEHUM piBHEM albOyMiHY KpOBI,
ITiIBUIIIEHOI0 JTOOOBOIO EKCKPEIli€0 MPOTEeiHy Ta
TEHJICHITIEI0 0 PO3BHTKY TPOMOOEMOOIIYHUX
YCKJIaIHeHb, SKI BHHUKIN y XBOPUX MPOTITOM
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POKY CIIOCTEpEKEeHHsI. 3pOOJEHO BHCHOBOK, IO
D-numep € GioJOriyHUM MapKepoM, SIKHH 31aTeH
BUSIBIISITH T1IIEPKOATYIISIIIII0 HA paHHIH JOKIiHIYHIH
cranii y xBopux Ha XXH, BU3HAYUTH Malli€HTIB
i3 TABHILIEHUM PU3UKOM KapaiOBaCKYJISIpHUX 1
TPpOMOOEMOOIIYHUX TOAIN, CHPUSITH SKHANIIBUI-
IOMY 3aCTOCYBaHHIO B HHUX aHTHArperaHTHOI i
AQHTHUKOATYJISTHTHOI Teparii 1, IK HaCJIi 10K, 3MEHIITy-
BaTH CMEPTHICTb.

KnrmodoBi ciroBa: XpoHiuHa XBopoOa HU-
POK, riomepyioHedpHT, MiadeTuyHa Hedpomaris,
rinepkoaryisiis, D-qumep.
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