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Abstract. Aim: To assess Red blood cell Distribution Width (RDW) and platelet indices values
in patients with type 2 diabetes mellitus (T2DM) and to verify its association with kidney
dysfunction (KD). Patients and Methods: A cross-sectional study included 149 T2DM
subjects divided into two groups with (T2DM — KD; n=52) and without (T2DM-nKD; n=97)
presence of kidney dysfunction and 30 healthy subjects. White Blood Cells (WBC) count,
C-reactive protein (CRP), fibrinogen, RDW, platelet indices, urea, and creatinine, were
measured in all participants. Kidney function was evaluated by the estimated glomerular
filtration rate (eGFR) calculated using the simplified Modification of Diet in Renal Disease
(MDRD) formula. Results: T2DM-KD subjects showed statistically significantly higher values
of the parameters RDW (p<0.01), Mean Platelet Volume — MPV (p<0.01), Platelet
Distribution Width-PDW (p<0.01), Platelecrit-PCT (p<0.01), and Platelet Mass Index-PMI
(p<0.01) compared to T2DM-nKD subjects, and statistically significantly lower values of the
WBC count in T2DM-KD subjects compared to subjects suffering from T2DM without kidney
dysfunction (p<0.01). ROC curve analysis revealed that RDW (sensitivity of 80.8%, specificity
of 78.3%), MPV (sensitivity of 75%, specificity of 78.4 %), and PDW (sensitivity of 80.8%,
specificity of 83.5%) could be used as markers in distinguishing between T2DM subjects
with and without kidney dysfunction. Conclusion: This study confirms the reliability of the
RDW,MPV, and PDW as simple, low cost and useful markers in distinguishing between T2DM
subjects with and without kidney dysfunction.
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Sazetak Cilj: Evalvirati vrijednosti Sirine raspona veliCine eritrocita (RDW) i trombocitnih
indeksa kod pacijenata sa Secernom bolesti tipa 2 (T2DM) i potvrditi njihovu povezanost s
disfunkcijom bubrega (KD). Pacijenti i metode: Presjecna studija ukljucila je 149 pacijenata
sa Secernom bolesti tipa 2 podijeljenih u dvije grupe — pacijente s bubreznom disfunkcijom
(T2DM-KD; n = 52) i bez nje (T2DM-nKD; n = 97), te 30 zdravih ispitanika. Broj leukocita
(WBC), C-reaktivni protein (CRP), fibrinogen, RDW, indeksi trombocita, urea i kreatinin
izmjereni su kod svih participanata. Kao mjera funkcije bubrega koristena je procijenjena
brzina glomerularne filtracije (eGFR) izracunata koristenjem formule MDRD (Modification pf
Diet in Renal Disease). Rezultati: Pacijenti s T2DM-KD pokazali su statisticki znacajno vece
vrijednosti parametara RDW (p < 0,01), srednji volumen trombocita — MPV (p < 0,01), Sirinu
distribucije volumena trombocita — PDW (p < 0,01), trombokrit — PCT (p < 0,01) i indeks
mase trombocita — PMI (p < 0,01) te statisti¢ki znacajno nize vrijednosti WBC u odnosu na
pacijente koji boluju od T2DM bez bubrezne disfunkcije (p < 0,01). Analiza ROC krivulje
otkrila je da se RDW (grani¢ni nivo 53,5, senzitivnost 80,8 %, specificnost 78,3 %), MPV
(grani¢ni nivo 11,55, senzitivnost 75 %, specificnost 78,4 %) i PDW (grani¢ni nivo 15,65,
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senzitivnost 80,8 %, specificnost 83,5 %) mogu koristiti kao
markeri u razlikovanju pacijenata sa Se¢ernom bolesti tipa 2,
onih s bubreznom disfunkcijom i onih bez nje. Zakljucak:
Ova studija potvrduje pouzdanost RDW, MPV i PDW kao
jednostavnih, jeftinih i korisnih markera u razlikovanju
pacijenata sa $ecernom bolesti tipa 2, s bubreznom
disfunkcijom i bez bubrezne disfunkcije.

Kljuéne rijeci: eritrociti; insuficijencija bubrega; Secerna
bolest tipa 2; trombociti

INTRODUCTION

Type 2 Diabetes Mellitus (T2DM) is a complex,

tions, including T2DM. Previous studies have
shown that higher RDW values are negatively
correlated with estimated glomerular filtration
rate (eGFR) and positively correlated with heavi-
er proteinuria and lower levels of albumin®3,

Besides these effects, T2DM is considered a
“prothrombotic state” owing to endothelial and
pericyte injury. Many studies have shown that
endothelial dysfunction is associated with increa-
sed mean platelet volume (MPV), platelet distri-
bution width (PDW), and platelet large cell ratio

Kidney dysfunction, which develops due to long-term
exposure to hyperglycaemia, is one of the main diabetic
complications. The main mechanisms that lead to the
development of diabetic kidney damage include
oxidative stress, changes in kidney blood vessels,

metabolic disease characterized by chronic
hyperglycaemia that is associated with long-term
macro- and microvascular complications especi-
ally in the eyes, kidneys and nerves™?2. Kidney
dysfunction (KD), which develops due to long-

term exposure to hyperglycaemia, is one of the
main diabetic complications. The main mechani-
sms that lead to the development of diabetic kid-
ney damage include oxidative stress, changes in
kidney blood vessels, protein absorption, and in-
flammation®*.

Inflammatory mechanisms contribute to the deve-
lopment of KD in subjects with diabetes through
several pathways and represent one of the central
mechanisms. For this reason, researchers have
shown great interest in the inflammatory parame-
ter as a possible biomarker of the development of
kidney dysfunction in diabetes. However, the re-
sults of previous studies are inconsistent regarding
the role of classical inflammatory parameters as
potential markers of KD®.

Increased scientific efforts have been made to use
nonstandard inflammatory markers that can be
better associated with kidney dysfunction. Since
inflammation significantly affects blood cells such
as red blood cells and platelets, novel research has
focused on their parameters that may be the an-
swer to the complex interaction between inflam-
mation and diabetic kidney dysfunction.
Hyperglycaemia increased glycation and oxidati-
ve stress in T2DM can also decrease erythrocyte
deformability. Decrease erythrocyte deformabili-
ty leads to volume variability®. Red cell distributi-
on width (RDW) is a measure of red blood cell
volume variability and is considered as a novel in-
flammatory marker associated with many condi-
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protein absorption, and inflammation.

(P LCR). These parameters are considered indica-
tors of increased platelet activity and potential
biomarkers for diabetic complications?.

The main aim of our study is to assess novel infla-
mmatory parameters — RDW and platelet indices
values in subjects with T2DM and to verify its
association with KD.

PATIENTS AND METHODS

Subjects and study design

The cross-sectional study was conducted among
149 subjects with T2DM who were admitted,
between January 2017 and January 2020, to Fa-
mily Medicine and Endocrine counselling in the
area of Health centres of Sarajevo Canton.
Subjects with any of the following diagnoses or
conditions were excluded from the study: hae-
moglobin (Hb) in females with Hb<100 g/l and
males with Hb<120 g/I, subjects with coronary
artery disease, hepatic, or kidney failure; throm-
bocytosis and thrombocytopenia; evidence of co-
ronary heart disease; autoimmune disease;
urinary tract infection; or a history of alcohol
abuse and medication with antiplatelet drugs.

The control group consisted of 30 healthy su-
bjects without a family history of coronary heart
diseases, hypertension, or autoimmune diseases
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and with normal kidney and hepatic functions,
and without present platelet disorders. None of
the control subjects had received any medicati-
on.

Written informed consent for inclusion in the
study was obtained from all subjects and healthy
controls.

The study was conducted with the approval of
the Ethics Committee of the Faculty of Medicine,
University of Sarajevo (02-3-4-4338) according to
the recommendations contained in the Declarati-
on of Helsinki on Biomedical Research Involving
Human Subjects as revised in 2013.

In the search for potential biomarkers among standard
laboratory tests, PDW, MPV, and RDW were found to be
reliable inflammatory biomarkers for KD in T2DM
subjects in terms of sensitivity and specificity.

Methods

Kidney function was evaluated by the estimated
glomerular filtration rate (eGFR) calculated using
the simplified Modification of Diet in Renal Dise-
ase (MDRD) formula:

eGFR (mL/min/1.73 m?) =
175 x [Serum Creatinine (umol/L) x 0.0113]
-1.154 x Age (years) -0.203 (x 0.742 if female)°.

Kidney dysfunction was defined as an eGFR < 60
ml/minute/1.73 m?%, Based on the eGFR value,
T2DM subjects were divided into two groups:
T2DM subjects with kidney dysfunction (T2DM-
KD group; n=52) and T2DM subjects without kid-
ney dysfunction (T2DM-nKD group; n=97).

The systolic and diastolic blood pressures (BP)
were measured using a calibrated standard mer-
cury sphygmomanometer in a sitting position af-
ter a 5-min rest.

Peripheral venous blood samples were collected,
using the vacutainer technique, in the morning
after the overnight fast, after a 30-min rest from
all subjects and controls.

Serum glucose levels and kidney function tests
were made on Beckman coulter chemistry analy-
zer AU480. Serum CRP concentration was measu-
red by the immunoturbidimetric assay (Beckman
Synchron LX System). Plasma fibrinogen was me-

asured by the standard clot method using the
BCS Coagulation System (Dade Behring).

White Blood Cells (WBC) count, RDW, the platelet
count (PLT), and platelet indices were determi-
ned as part of the automated complete blood co-
unt (CBC) on an automatic haematology analyzer
(CELL-DYN Ruby; Abbott Laboratories, USA).

The Platelet Mass Index (PMI) value was calcula-
ted by multiplying the platelet count by the mean
platelet volume?.

From obtained values of RDW and PLT, the Red
Blood Cell Distribution Width-to-Platelet Ratio
(RPR) was calculated as RPR = RDW (%)/platelet
count (10°%/L).

Statistical analysis

Statistical analysis was performed by two different
programs, MS Excel (Microsoft Office Excel 2010)
and SPSS (SPSS-Statistical Package for 27 Social
Sciences) version 22.0. The Kolmogorov-Smirnov
and Shapiro-Wilk tests, depending on the sample
size, were used to assess the normality of variable
distribution. The mean value (X) and standard de-
viation (SD) for continuous independent variables
that followed the normal distribution were deter-
mined, and the median and interquartile range for
independent continuous variables did not follow
the normal distribution. The Student t-test tested
the significance of the difference for the indepen-
dent variables that followed the normal distributi-
on. In contrast, the Mann — Whitney U-test tested
the significance of the difference for the indepen-
dent variables that did not follow the normal dis-
tribution.  Correlations between continuous
variables were assessed using Pearson’s or
Spearman’s correlation coefficient. To determine
the accuracy and respective cut-off values for dif-
ferentiating subjects with T2DM-KD subjects from
T2DM-nKD subjects, the Receiver Operating Cha-
racteristic (ROC) curves and their corresponding
areas under the curve (AUC) were used. The accu-
racy rate for ROC curves was calculated with a 95%
confidence interval (95% Cl). A p<0.05 was consi-
dered statistically significant.

RESULTS

One hundred seventy-nine (179) subjects were
evaluated in our study, 149 were T2DM subjects
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Table 1. Demographic data, clinical and biochemical parameters of the study population

Variables T2DM group (n=149) Control group (n=30) p
" %) Males 76 (51%) 15 (50%) 0.892
Females 73 (49%) 15 (50%) 0.790
(Years) Age 50 (47 - 55) 49 (45 -52) 0.111
(mmol/L) Glucose 6.2 (5.8-6.6) 5.2(5.17-5.4) 0.000**
SAP 130 (120 - 140) 120 (120 - 120) 0.000%**
(mmHg)
DAP 80 (80 — 100) 70 (70 — 80) 0.000%**
(mmol/L) Serum urea 7.7 (6.7 —8.95) 6 (5—6.95) 0.000**
(umol/L) Creatinine 89 (79.5 —-98) 81.5(73.75 —88.5) 0.004**
eGFR 67.3 (58.25 -78.4) 108 (97 — 113) 0.000**
(x 10°) WBC 8.17+4.6 7.55+1.17 0.267
CRP 3.69+1.07 3.81+0.64 0.554
e/l Fibrinogen 3.2(2.7-3.7) 2.9(2.6-3.5) 0.111
(%) RDW 52 (47 —58) 43 (38 -47) 0.000**
(x 10°) PLT 288 (263 —340) 326.5 (278 —356.75) 0.02*
(10%1) MPV 10.9 (9.6 —12.8) 9.3(8.37-10.32) 0.000**
. PDW 14.8 (13.8 - 16.65) 11.7 (10.87 — 12.98) 0.000**
% PCT 0.26 (0.21-0.28) 0.23 (0.18 - 0.26) 0.001**
PMI 3.11 (2.64 - 3.93) 3.03 (2.59 - 3.38) 0.131
RPR 17.1 (15.27 — 20.64) 13.11 (11.86 — 15.34) 0.000**

Results are presented as: mean + SD, or median with interquartile range (2575 percentile); n = number of subjects;

T2DM — Type 2 Diabetes Mellitus; eGFR (estimated glomerular filtration rate); CRP — C reactive protein; WBC — White Blood Cells
count; PLT — Platelet count; RDW — Red Blood Cell Distribution Width; MPV— Mean Platelet volume; PDW — Platelet distribution
width; PCT — Platelecrit; PMI-Platelet Mass index; RPR — Red Blood Cell Distribution Width-to-Platelet Ratio; *p<0.05;**p<0.01

and 30 were healthy controls. There were no si-
gnificant differences between T2DM and healthy
controls concerning gender (p=0.892 for male; p=
0.790 for female) or age (p=0.111). Serum urea
and creatinine level were significantly higher in
T2DM subjects than in the control group
(p<0.01). A control group of subjects had a signi-
ficantly higher value of eGFR than T2DM subjects
(p<0.01). Additionally, subjects in the T2DM gro-
up had significantly higher RDW, PLT, MPV, PDW,
and PCT values (p=0.000, p=0.02, p=0.000,
p=0.000, p=0.001, respectively) than in the con-
trol group. However, WBC, CRP, fibrinogen, and
PMI did not differ significantly between the gro-
ups (p=0.267, p=0.554, p=0.111, p=0.131 respec-
tively) (Table 1).

Among T2DM subjects, 52 (34.89%) had KD, and
97 (65.11%) did not have KD. Subjects in the
T2DM-KD group had significantly higher values of
serum urea, creatinine, RDW, MPV, PDW, PCT,
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and PMI (p<0.01) than in the T2DM-nKD group.
On the other side, the value of WBC in T2DM-KD
subjects was significantly lower than in the
T2DM-nKD group (p<0.01). The median serum le-
vel of CRP, fibrinogen, and platelet count were si-
milar in both groups, without significant
difference (p=0.445, p=0.213, p=0.382, respecti-
vely) (Table 2).

In T2DM subjects with KD, a statistically signifi-
cant negative correlation was shown between
the parameters RDW (rho=-0.408, p=0.003),
MPV (rho=-0.357, p=0.009), PDW (rho=-0.560,
p<0.001) with the eGFR parameter and a statisti-
cally significant positive correlation of the WBC
(rho=0.403, p=0.003) and CRP (rho=0.477;
p=0.006) parameters with the eGFR parameter.
In addition, a statistically significant negative
correlation was shown between the parameters
CRP (r=-0.358, p=0.009) and platelet count (rho=
-0.280, p=0.044) with the parameter serum urea,
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Table 2. Clinical and biochemical parameters in T2DM-KD and T2DM-nKD group

Variables T2DM-KD (n=52) T2DM-nKD (n=97) p
(mmol/l) Serum urea 8.75 (7.55-10.4) 7.4(6-8.2) 0.000%**
(umol/L) Creatinine 101 (95-111) 81 (75.5—-89) 0.000%**
eGFR 56.25 (53.45 - 58.67) 74.9 (67.65 — 82.95) 0.000%***
CRP 4.073 +1.04 3.48+1.04 0.445
(/) Fibrinogen 3.35(2.9-3.7) 3.27 (2.7-3.5) 0.213
(%) RDW 60 (57 — 69.75) 48 (45 —52.5) 0.000%***
(x 10°) PLT 297 (260 — 353.5) 296 (265 —320) 0.382
(10%9) MPV 13.2 (11.55 - 13.9) 10.4 (9 - 11.5) 0.000%***
. PDW 17.2 (15.9 - 18.5) 14.4 (13.5-15.1) 0.000%***
e PCT 0.28 (0.23-0.31) 0.25(0.21-0.27) 0.000***
PMI 3.71(3.08 — 4.53) 2.96 (2.52 - 3.48) 0.000***
RPR 20.35(16.91 - 24.49) 16.38 (14.83 — 18.96) 0.000***

Results are presented as: mean * SD, or median with interquartile range (2575 percentile); n = number of subjects; T2DM-KD
— Type 2 Diabetes Mellitus with Kidney Dysfunction; T2DM-nKD — Type 2 Diabetes Mellitus without Kidney Dysfunction;

eGFR — estimated glomerular filtration rate; CRP — C reactive protein; WBC-White Blood Cells count; PLT — Platelet count;
RDW — Red Blood Cell Distribution Width; MPV-Mean Platelet volume; PDW — Platelet distribution width; PMI — Platelet Mass
index; PCT — Platelecrit; RPR — Red Blood Cell Distribution Width-to-Platelet Ratio; ***p<0.001

Table 3. Correlation between the haematological, biochemical and kidney function parameters in T2DM KD subjects

Variables Creatinine Serum urea eGFR
(x 10°) WBC rho=-0.120 rho=-0.186 rho=0.403**
CRP r=0.107 r=-0.358** r=0.477**
&t FIBRINOGEN r=0.139 r=-0.018 r=0.157
(%) RDW rho=-0.006 rho=0.080 rho=-0.408**
(x 10°) PLT rho=0.079 rho=-0.280* rho=0.067
(10™) MPV rho=0.047 rho=0.033 rho=-0.357**
%) PDW rho=-0.140 rho=0.304* rho=-0.560**
PCT rho=-0.066 rho=0.025 rho=-0.233
PMI rho=0.115 rho=-0.128 rho=-0.002

rho= Spearman’s coefficient; r — Pearson’s coefficient; eGFR (estimated glomerular filtration rate); CRP — C reactive protein;
WBC — White Blood Cells count; PLT — Platelet count; RDW — Red Blood Cell Distribution Width; MPV — Mean Platelet volume;
PDW - Platelet distribution width; PCT — Platelecrit; PMI — Platelet Mass index; *<0.05; **p<0.01

as well as a statistically significant negative corre-
lation between the parameter PDW (rho=0.304;
p=0.029) and serum urea (Table 3).

The ROC curve for WBC, CRP, RDW, MPV, PDW,
PCT, and PMI value in the total sample of T2DM-
KD vs T2DM-nKD showed a significant area un-
der the curve. ROC curve analysis revealed that
RDW (cut-off level of 53.5, with a sensitivity of

http://hrcak.srce.hr/medicina

80.8%, specificity of 78.3%), MPV (cut-off level
of 11.55, with a sensitivity of 75%, specificity of
78.4 %), and PDW (cut-off level of 15.65, with a
sensitivity of 80.8%, specificity of 83.5%) could
be used as markers of kidney dysfunction in
T2DM subjects (AUC=0.879, p<0.01), and
(AUC=0.830, p<0.01) (AUC=0.874, p<0.01) (Figu-
re 1, Table 4).
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Figure 1. Receiver operating characteristic (ROC) curve of the WBC, CRP, RDW, MPV, PDW, PCT and PMl in
differentiating between T2DM-KD (type 2 diabetes mellitus with kidney dysfunction) and T2DM-nKD (type 2
diabetes mellitus without kidney dysfunction) subjects. WBC — White Blood Cells count; CRP — C reactive protein;
RDW — Red Blood Cell Distribution Width; MPV — Mean Platelet volume; PDW — Platelet distribution width;
PCT — Platelecrit; PMI — Platelet Mass index

Table 4. The optimal cut-off area under the curve with 95% confidence interval (AUC, 95%Cl), sensitivity (SEN),
and specificity (SPE) of the WBC, CRP, RDW, MPV, PDW, PCT, PMI in differentiating between T2DM-KD (type 2
diabetes mellitus with kidney dysfunction) and T2DM-nKD (type 2 diabetes mellitus without kidney dysfunction)
subjects

The variable and cut-off value AUC (95%Cl) SEN SPE p
WBC (7.0) 0.366 (0.272 —0.481) 57.7 23.7 0.007**
CRP (3.75) 0.634 (0.539 — 0.728) 57.7 58.8 0.007**
RDW (53.5) 0.874 (0.810 - 0.937) 80.8 78.3 0.000%**
MPV (11.65) 0.830 (0.756 — 0.904) 75 78.4 0.000%**
PDW (15.65) 0.879 (0.817 — 0.940) 80.8 83.5 0.000%**
PCT (0.25) 0.673 (0.568 — 0.779) 71.2 52.5 0.000%**
PMI (3.25) 0.753 (0.674 — 0.832) 71.2 71.1 0.000%**

WBC — White Blood Cells count; CRP — C reactive protein ; RDW — Red Blood Cell Distribution Width; MPV — Mean Platelet volume;
PDW — Platelet distribution width; PCT — Platelecrit; PMI — Platelet Mass index; AUC — area under the curve; Cl — confidence interval;
SEN — sensitivity; SPE — specificity; ** p<0.01
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DISCUSSION

This study aimed to clarify the potential role of
novel inflammatory parameters, RDW and plate-
let indices values, in subjects with T2DM in a dia-
gnosis of KD. An early diagnosis of diabetes and
diabetic complications represents a true challen-
ge for modern medicine describing those pro-
blems through the availability of resources
represented as a decline in eGFR, In that con-
text, standard blood tests especially related to
inflammatory processes with the role of biomar-
kers represent an enormous power for a timely
diagnosis of diabetic complications because mi-
croalbuminuria, as a cornerstone finding of a
decline in kidney function, was absent in 30% of
subjects with T2DM and low kidney function re-
garding the cut-off value of eGFR®,

In the search for potential biomarkers among
standard laboratory tests, PDW, MPV, and RDW
were found to be reliable inflammatory biomar-
kers for KD in T2DM subjects in terms of sensitivi-
ty and specificity.

When it comes to platelet indices, our results
agree with previous research. Mi et al. found out
that PDW had a sensitivity of 80% and specificity
of 97.8% in the diagnosis for all microvascular
complications of T2DM subjects (including reti-
nopathy, neuropathy and nephropathy) analyzing
135 subjects but only for a life span between 35
and 60 years of patient age®*.

In addition, when comparing 300 T2DM subjects
and 300 controls, a study by Kodiatte et al.
showed that MPV levels were elevated in T2DM
patients and corresponded with the increase in
glucose levels and duration of T2DM?*,

As for MPV in KD, an increased MPV value in a
study by Ju et al was consistent with the results
of our study, but they did not compare T2DM su-
bjects exclusively, and the MPV value correspon-
ded with the decrease in eGFR value in subjects
with chronic kidney disease (CKD)®.

Besides the aforementioned studies, several stu-
dies have shown that platelet indices can signifi-
cantly predict worsening kidney function in
T2DM. Buch et al. investigated the relationship
between MPV and PDW and kidney dysfunction
in 300 T2DM subjects?’. The results showed a a
statistically significant correlation of MPV and
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PDW with diabetic nephropathy (p=0.005;
p=0.007), indicating that these two parameters
could be valuable markers for assessing kidney
function in subjects with T2DM.

Along with platelet indices, RDW (as is commonly
used to diagnose anaemia) was found to be a use-
ful biomarker in monitoring the progression of KD
in T2DM subjects. Studies have shown that eleva-
ted RDW levels may be associated with deteriora-
ted KD and a relation between RDW and creatinine
regardless of their disease, providing a conclusion
that lower estimated GFR strongly predicted hi-
gher RDW values without relation to biological age
or sex or haematological indices. A possible
explanation for this phenomenon is that RDW may
reflect inflammatory processes in the body, which
are common in T2DM subjects. Although that pro-
cess can cause kidney damage due to the fact that
Endothelial progenitor cells (EPC), being marked
by the presence of CD34 receptor on their cell sur-
face, are decreased in diseases such as T2DM and
chronic kidney disease because of the endothelial
damage (as it was proved that these cells play one
of the crucial roles in a healing process of dama-
ged blood vessel endothelium)™. Moreover, there
is a relation between the EPC value and the RDW
level, where the EPC value is indirectly related to
the RDW value®.

In the study conducted by Zhang et al., subjects
diagnosed with both T2DM and KD were inclu-
ded, and their RDW levels and the progression of
kidney dysfunction were monitored?:. RDW levels
were found to have a negative correlation with
eGFR but a positive association with proteinuria.
Moreover, the results indicated that subjects
with elevated RDW levels at the beginning of the
study faced a higher risk of kidney disease pro-
gression during the follow-up period. Additio-
nally, an increase in RDW during the follow-up
period was linked to the progression of kidney di-
sease in T2DM subjects.

As a result of a study by Assulyn et al. on the
RDW value in T2DM, their finding was similar to
our result regarding RDW and the eGFR decline
in KD but with a significant difference in KD as-
sessment methods??>. They analyzed RDW as a
predictor of microalbuminuria presence (which
could serve as an early sign of KD in T2DM) using
an albumin-creatinine ratio from the urine as a
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screening test for microalbuminuria excluding
eGFR calculation, which resulted that RDW has a
specificity of 76% and sensitivity of 37.9% for KD
in T2DM subjects.

A comparison can be made with a study conduct-
ed by Kurtul et al. to assess the potential role of
RDW in evaluating kidney function deterioration
using serum creatinine, specifically in relation to a
percutaneous coronary intervention procedure?®,
This study focused on contrast-induced nephropa-
thy (CIN) and its association with RDW values.
Their finding was that RDW carries a sensitivity of
72% and specificity of 69% for the CIN develop-
ment regarding the serum creatinine increase ac-
cording to the criteria mentioned above.
Regarding the complex pathogenesis of KD in sub-
jects with T2DM, it is highly needed to direct fur-
ther research towards test discoveries that may
predict this complication in the development of
T2DM but although potential complications that
T2DM subjects will develop. T2DM subjects usual-
ly have a standard stem regarding KD — inflamma-
tion accompanied by an activated transcription
factor NF kappa beta (NFkb) and hyperglycaemia.
However, regardless of cause, nephrology patients
have the most problems regarding inflammation
and its mechanism. The NFkb mechanism is relat-
ed to podocyte injury via reactive oxygen species
(ROS) continuing to damage the glomerular base-
ment membrane (due to thickening or damaging
components of its structure), and that mechanism
is basically initiated by hyperglycemia®.
Additionally, hyperglycaemia is a cause of platelet
aggregation, which leads to a high value of the
platelet-activating factor (PAF), making a predispo-
sition to a thrombotic state®. Platelet changes
happen even during the preclinical sign of T2DM
when hyperinsulinemia occurs due to a loss of in-
sulin efficacy in suppressing the P2Y12 pathway,
further leading to its elevation and providing
platelets an additional tool for aggregation?®.
Moreover, the mechanism mentioned above is
present in vascular damage related to the endo-
thelium of kidney structure, and all those inflam-
matory processes are mostly regarded as chronic
and low-grade inflammation, which are capable
of interfering with blood cells but commonly act
as undetectable regarding a diagnosis of inflam-
mation using standard inflammatory markers
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such as CRP. CRP is used in clinical practice as one
of the most common inflammatory markers.
Friedman et al. found out that CRP cannot be
used as a marker related to KD beyond already
known traditional risk factors, analyzing in their
study 1560 participants?’. CRP is usually com-
pared to microalbuminuria in the KD studies. Ad-
ditionally, CRP is highly influenced by obesity, as
seen in a case of metabolic syndrome further
corresponding with the development of microal-
buminuria and a potential kidney function loss
before T2DM appearance and progression?. Con-
trary to the CRP as a gross inflammatory marker
and widespread availability, high-sensitivity CRP
(hs-CRP) is a high-cost inflammatory marker but a
reliable marker of the KD appearance and its pro-
gression, whose levels correspond to the severity
level of diabetic kidney complications®.

In interpreting the current study’s findings, sev-
eral limitations should be acknowledged. Firstly,
the sample size was relatively small — exclusion
criteria limited the number of cases. Secondly,
the study’s cross-sectional design prevents us
from deducing causal relations between our find-
ings. Thirdly, by searching the literature, we could
find only partial results to compare with our re-
sults — most studies were focused exclusively on
RDW or platelet indices.

CONCLUSION

In conclusion, a connection between hyperglyca-
emia and kidney function exists in physiological
and pathophysiological conditions that go both
way and complex. Our study helped us in provi-
ding information about the use CBC instead of
the most common inflammatory markers to pre-
dict the KD prognosis in T2DM subjects. Along
with RDW and platelet indices being cost-effecti-
ve, the easily calculable markers mentioned abo-
ve were determined as having a practical
predictive value in subjects with T2DM. The dec-
line in kidney function is the most significant risk
factor for recurrent morbidity and mortality. This
information may help us reduce the number of
nephropathy cases previously diagnosed with
T2DM. RDW, MPV, and PDW are easily accessible,
cheap, and widespread biomarkers indepen-
dently related to the recognition of possible futu-
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re complications, such as deterioration of kidney
function in T2DM subjects.
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