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Biochemical variations in patients with
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Abstract. Chronic kidney disease (CKD) is a progressive condi-
tion characterized by declining kidney function, ranging from
mild damage to end-stage renal disease. Its prevalence globally is
estimated to be between 8 and 16%, with higher rates occurring
in low- and middle-income regions. Underlying factors include
diabetes, hypertension and genetic predisposition. The multifac-
torial nature of CKD is influenced by genetics, renal function
monitoring, anemia, electrolyte imbalances and other risk
factors. The present study collected 465 samples from subjects
aged 18-65 years for a case-control study. These included
219 patients with CKD (101 females and 118 males; mean ages,
46.56 and 46.84 years, respectively) and 246 healthy individuals
(131 women and 115 men; mean ages, 37.16 and 41.23 years,
respectively). Whole blood was drawn for serum analysis for the
purpose of comparing various biochemical parameters between
patients with CKD and the healthy subjects, including total
protein, albumin, ferritin, unsaturated iron binding capacity,
iron, alkaline phosphatase (ALP), alanine aminotransferase
(ALT), aspartate aminotransferase (AST), bilirubin, glucose,
urea, serum creatinine, total calcium, free calcium, sodium,
potassium, 8-hydroxy-2'-deoxyguanosine (8-OHdG) and phos-
phorus. The results obtained revealed a significant association
between age and the occurrence of CKD (P<0.001), as well
as between body mass index and the likelihood of developing
CKD (P=0.031), indicating a connection between obesity and
CKD. Biochemical analysis revealed disparities in several
markers among patients with CKD, including glucose, urea,
serum creatinine, iron, liver enzymes (ALP, AST and ALT),
phosphorus, potassium, sodium, calcium and 8-OHdG (P<0.05).
However, no notable differences in terms of sex were observed
when comparing each sex group separately for the patients
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and controls. On the whole, the present study underscores the
multifactorial nature of CKD, and its significant association
with age. The 8-OHdG oxidative stress marker demonstrated
potential in terms of distinguishing between CKD and healthy
subjects. Further research is required, however, to explore
additional CKD factors and to develop interventions for at-risk
populations.

Introduction

Chronic kidney disease (CKD) is a condition characterized
by kidney damage, leading to impaired blood filtration.
Consequently, surplus fluid and waste accumulate in the
body, potentially leading to additional health complications,
such as stroke and heart disease (1). It affects between 8
and 16% of the global population, and is often overlooked
by both patients and healthcare providers (2,3). It has been
shown to be more common among low- and middle-income
nations compared with high-income countries (4). CKD has
long been predominantly linked to diabetes and hypertension
worldwide. However, in regions, such as Asia, sub-Saharan
Africa and a number of impoverished nations, additional
factors, such as glomerulonephritis, infections and environ-
mental exposures (including air pollution, herbal medicines
and pesticides) are also prevalent causes (3). The development
and progression of CKD are influenced by several factors,
such as genetic, medical, lifestyle, metabolic, environmental
and socioeconomic factors, and psychological factors affect
the mechanisms through which CKD develops and progresses.
The prevention of CKD and the attenuation of its course is
greatly dependent on the early diagnosis and management of
these risk factors (5). Genetic factors also play a crucial role in
predicting CKD, particularly among individuals in which the
condition progresses to end-stage renal disease (ESRD) (6).
Furthermore, genetic predisposition may also contribute to
increasing the risk of kidney failure (7,8).

Numerous factors can serve as crucial predictors of CKD,
particularly in the case of individuals who develop hyperten-
sion (9). Hypertension is another key and primary cause of
CKD, in addition to genetics and diabetes mellitus. CKD and
hypertension often share common risk factors and influence
each other, occasionally making it a challenge to distinguish
between cause and effect (10).
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Carbohydrate intake affects insulin metabolism and
general health, as diet plays a critical role in the management
of CKD. Significant changes in insulin metabolism are linked
to CKD and can be detrimental to the health of an individual.
Rising blood levels of insulin in patients with CKD result
from decreased insulin clearance caused by a deterioration in
renal function. Insulin resistance has the potential to worsen
metabolic disorders, such as diabetes by disrupting glucose
homeostasis (11). Despite the wide fluctuations of exercise
or food intake, the plasma glucose concentration in healthy
individuals is 4-8 mM. This at most depends on the order of
hormones that can precisely regulate the endogenous produc-
tion of glucose. According to glucoregulatory factors, glucagon,
insulin and catecholamines are critical acute glucoregulatory
hormones and can modify the plasma glucose level in merely
a few minutes. The glucose-lowering effects of insulin occur
through membrane permeability to affect glycolytic enzymes
to alter their effectiveness. Insulin facilitates glucose entry into
cells by affecting membrane permeability (through GLUT4),
its influence on glycolytic enzymes is more indirect. It occurs
primarily through intracellular signaling pathways, rather than
directly through changes in membrane permeability (12).

Monitoring kidney function requires both the determina-
tion of the urine albumin-creatinine ratio (W ACR) and blood
tests for blood urea nitrogen and creatinine, which assess the
excretion of normal metabolic waste products via the kidneys
and indicate decreased renal function, if present (13). The
majority of reliable biomarkers and progression risk models
for CKD prediction are serum creatinine and albuminuria (14).
The glomerular filtration rate (GFR) is the most critical
biochemical marker of kidney function. Regrettably, GFR
cannot be estimated in the majority of clinical practices; there-
fore, it is based on filtration markers, such as serum creatinine.
Another biochemical marker, albuminuria, may be a good
indicator of reduced kidney function (15,16). There is still a
widely acceptable degree of the concentration of creatinine
required to qualify for a diagnosis of acute kidney injury (17).

Kidney disease affects the glucose threshold of the kidneys,
with a low estimated GFR (eGFR) reducing the filtered glucose
load, and the loss of functioning nephrons, reducing reabsorp-
tion capacity, consuming ~10% of plasma glucose (12). Both
urine and blood tests provide a clear indication of the health
status of the kidneys. Having an eGFR <60 ml/min/1.73 m?
and/or an uACR >30 for =3 months is a sign of a kidney defect.
Similarly, a level of albuminuria of at least 30 mg per 24 h,
or signs of kidney damage, such as hematuria or structural
abnormalities, also indicate a malfunction of the kidney (18).

Iron deficiency anemia is a common complication of CKD,
characterized by absolute and functional iron deficiency,
resulting from reduced iron stores and increased hepcidin
levels (19,20). Individuals undergoing hemodialysis have a
reduced production of erythropoietin due to iron loss via the
hemodialysis device, as well as impaired iron absorption and
transport from the gut to the circulation. The level of ferritin,
unsaturated iron-binding protein capacity (UIBC), free iron
form and the transferrin level are used for the purpose of veri-
fying the iron status of a patient (21). CKD may result from
oxidative stress, which plays arole in the deterioration of kidney
function (22). 8-Hydroxy-2'-deoxyguanosine (8-OHdG) repre-
sents a common type of oxidative damage caused by reactive

oxygen species, and is often employed as an indicator of oxida-
tive stress (23). 8-OHdG is widely used as a DNA damage
biomarker of systemic oxidative stress (24). 8-OHdG is one of
numerous oxidative stress markers that can be used to predict
renal function prognosis due to their excretion in urine (25).
Elevated levels of 8-OHdG are associated with the develop-
ment and progression of CKD due to increased inflammation,
fibrosis and cell death in renal tissues. The regular monitoring
of 8-OHdG levels in blood can help track the progression of
CKD and the effectiveness of therapeutic interventions in an
aim to lower oxidative stress and DNA damage by antioxi-
dants and to potentially minimize the progression of CKD and
improve overall kidney function (26). 8-OHdG itself is not a
treatment target; therapies reducing oxidative stress can lower
8-OHdG levels and potentially attenuate the progression of
CKD. It is commonly considered that oxidative stress hastens
the deterioration of kidney function mechanistically (23).

Renal failure often leads to electrolyte imbalances,
including hyperkalemia and dysnatremia, due to impaired
renal fluid control, although the frequency of occurrence of
dysmagnesemia remains uncertain (27). The blood levels
of aspartate aminotransaminase (AST) and alanine amino
transaminase (ALT) are both found to be markedly lower
in patients with CKD with or without ESRD compared with
healthy individuals (28). The decrease in albumin levels in
patients with CKD is associated with a negative prognosis for
kidney function and a deterioration in renal function, although
this connection is yet not directly correlated, but rather
becomes more pronounced when albumin levels decrease to
<4.1 g/dl (29). Several risk factors, including serum electrolyte
abnormalities, malnutrition (low albumin) and phosphorus
imbalance, have been shown to be highly associated with
CKD (30).

The kidneys play a vital role in preserving electrolyte
homeostasis; electrolyte abnormalities are frequently
observed in patients with CKD. Significant pathophysiological
alterations and consequences result from the disruption of
different electrolyte regulations caused by a loss or decline
in renal function. Electrolyte abnormalities in CKD have key
pathophysiological consequences and are linked to several
difficulties, such as issues with the heart (cardiovascular,
hypertension heart failure), bones (renal osteodystrophy,
vascular calcification), muscles (weakness, lethargy) and
metabolism (metabolic acidosis) (31). CKD increases the
risk of developing cardiovascular diseases due to shared risk
factors and CKD-induced conditions, such as hypertension,
arterial stiffness and systemic inflammation. Impaired kidney
function in CKD exacerbates cardiovascular risk through fluid
overload and electrolyte imbalances (32).

Individuals with lower bilirubin concentrations have
a greater risk of developing CKD. However, it remains
uncertain whether high levels of total serum bilirubin (TSB)
provide protection against mortality or raise the likelihood of
requiring renal replacement therapy (33). Higher levels of ALP
have been shown to be associated with a greater likelihood of
developing ESRD and mortality from any cause in individuals
with CKD at stage 3 or 4 (34). Finally, the adverse health
consequences and increased mortality rates due to CKD may
be associated with the type of anemia that is characterized by
typically sized red blood cells and normal hemoglobin (Hb)
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levels with diminished red blood cell production (35). The
8-OHdG biomarker has been found to be associated with a
range of diseases, including diabetes mellitus and various
neurovascular and cardiovascular diseases (36), although,
to date, its association with CKD has not been extensively
explored in the Arab population, and conflicting results have
been obtained worldwide. Therefore, the aim of the present
study was to investigate the association of §-OHdG with the
risk of developing CKD in patients in the Najaf/Iraq popula-
tion. CKD has a significant and diverse socio-psychological
cost that impacts social interactions, mental health, financial
issues and general quality of life. The mitigating effects of
CKD on the community can be improved awareness and
offering sufficient resources (37). A potential strategy for
CKD treatment care combines the measurement of established
and new biomarkers with the most recent therapies. These
biomarkers not only make it easier to identify and track the
advancement of disease early on, but they also offer insightful
information on how well-researched treatments are working
based on focuses on slowing disease progression, managing
complications and improving patient outcomes (38).

As regards the complexity of the interaction between CKD
and cardiovascular disease, CKD induces a systemic, persis-
tent proinflammatory state that plays a role in the remodeling
of the heart and blood vessels. This leads to the development
of atherosclerotic lesions, calcification and senescence of the
blood vessels, cardiac fibrosis, and calcification of the heart
valve (39).

Patients and methods

Study design, sample collection and measurements. The
present study was a case series study comprising 465 samples
collected from Al-Hakeem General Hospital and Al-Sadder
Medical City | in Najaf, Iraq. The samples were classified into
two categories: A total of 219 patients with CKD (including
101 females; average age, 46.56 years; and 118 males, average
age, 46.84 years), and 246 healthy individuals (including 131
females; average age, 37.16 years; and 115 males, average age,
41.23 years). The participants and sample collection in the
present study were in the age range of 18-65 years between
January to May, 2023. Patients were diagnosed by specialized
physicians with the use of the appropriate criteria for the diag-
nosis of patients with renal failure. The inclusion criteria were
as follows: Patients who were clinically diagnosed with CKD
(stage 4 and 5) and patients with an eGFR <15 ml/min/1.73 m?.
Subjects experiencing the following were excluded from the
study: Participants <18 years of age, non-compliant persons,
smokers, individuals with diabetes mellitus, hypertension,
kidney transplant recipients, individuals with ischemic heart
disease, patients with cancer and those receiving chemotherapy.
The classic cardiovascular biomarkers were not assessed in the
present study. Written informed consent was obtained from
all patients and the healthy individuals that were used as a
control group. The study protocol was approved by the Ethics
Committee of the Facility of Medicine of the University of
Kufa, under the document reference MEC-02.

Samples (5 ml) of whole blood were obtained from all
patients with CKD and the control subjects. The serum was
separated from the blood sample by centrifuging (25°C) for
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10 min at 10,000 x g. The total levels of the protein ferritin,
UIBC, iron, albumin, ALP, ALT, AST, bilirubin, glucose, serum
urea and creatinine were measured with using a fully automated
biochemical analyzer (COBAS INTEGRA® 400 plus; Roche
Diagnostics). Total calcium was estimated using an AVL 9180
Series Electrolyte Analyzer (Roche Diagnostics), whereas the
levels/content of ionic calcium, sodium ion, potassium ion and
phosphorus were measured using an ion-selective electrode
method. To determine the body mass index (BMI), the height
(in m) and weight (in kg) of each participant were measured
according to the BMI formula (expressed in kg/m?) as follows:
BMI (kg/m?)=weight/square of height in meters (m?).

Statistical analysis. The present study utilized IBM SPSS,
version 26.0 software for Windows (IBM Corp.) for statistical
analysis. The Kolmogorov-Smirnov test was employed to
evaluate the distribution skewness of the variables under inves-
tigation. The variable data that skewed normal distributions are
represented by the median values with the interquartile range
(IQR). The Mann-Whitney U test was utilized to compare
variables. Spearman's correlation analysis was conducted to
explore the correlations between variables of interest. Receiver
operating characteristic (ROC) curve analysis was employed
to evaluate the sensitivity and specificity of 8-OHdG in the
indicated groups as a detailed and robust assessment of its
diagnostic performance, to determine the optimal threshold for
clinical application, quantifying predictive power and facili-
tates comparisons with other biomarkers. The Mann-Whitney
U test was utilized for the independent variables age, BMI,
diabetes duration, fasting plasma glucose, HbAlc, serum
creatinine, low-density lipoprotein (LDL)-cholesterol, iron,
AST, ALT, ALP, total calcium, UIBC, total protein, albumin,
ferritin, total bilirubin, phosphorus, calcium, sodium, potas-
sium, Hb, packed cell volume test (PCV), white blood count
(WBC), mean corpuscular volume (MCV), platelets and
8-OHdG to identify independent risk factors for the group.
A value of P<0.05 was considered to indicate a statistically
significant difference.

Results and Discussion

A comparison between patients with CKD and healthy indi-
viduals with respect to age and BMI was performed. Age and
BMI may affect biomarker levels; thus, it was aimed to ensure
that differences in the biomarker levels in patients with CKD
and healthy individuals are not confounded by these variables.
The levels of the biomarkers were tested between patients and
healthy subjects following adjustment for age and BMI, so the
covariates of the analysis of covariance (ANCOVA) model
were applied. The results revealed statistically significant
differences in biomarker levels between the groups following
adjustment for age and BMI. The results indicated that the
median age of the males in the control group was 42 years, with
an IQR of 30-52 years, whereas for the group of patients, it was
46.75 years with an IQR of 41.75-54.25 years, indicating that
a statistically significant difference existed between the ages
of the males in the control and patient groups (P=0.003). As
regards the females, the median age of the control group was
38 years with an IQR of 25-50 years, whereas for the female
patients it was 46.72 years with an IQR of 39.5-52.5 years,
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and the P-value determined was <0.001, likewise indicating
a highly significant statistical difference between the ages of
female controls and patients, as shown in Table I.

The findings of the present study were similar to those
reported in the study by Al-Wahsh ez al (40): Their study
comprised 27,823 participants, and they found that 19% of
the participants developed kidney failure and 51% did not
survive, with the risk of kidney failure increasing with age.
Those findings suggested an age-dependent effect for accu-
rate risk prediction. The BMI values were also calculated in
the present study, and these were found to have a significant
effect in comparison with the healthy group, as reported in the
study by Nguyen et al (41), in which Mendelian randomiza-
tion analysis revealed that obesity did not serve as a separate
cause of CKD, since dysglycemia and hypertension were
implicated in the development of renal consequences, and they
concluded that reaching or exceeding certain levels of weight
loss decreases CKD outcomes. BMI is a crucial predictor
in the development of CKD, with obesity playing a crucial
significant role in kidney injury. Several studies have indicated
a strong connection between an elevated BMI and the risk of
developing CKD. Research in developed or emerging coun-
tries has demonstrated a close association between obesity and
an increased risk of developing CKD. This risk also affects
individuals with normal metabolisms, proving that in indi-
viduals without a metabolic illness, obesity alone is the cause
of CKD (42). Both males and females with a high BMI are at a
risk of developing CKDj; however, the mechanisms and impact
differ, and are often influenced by lifestyle, hormonal factors
and socioeconomic status (43).

The results of the present study indicated substantial
variations in biochemical and hematological parameters,
when comparing the control subjects and patients, with the
majority of the differences being statistically significant. The
biochemical data of the enrolled patients and healthy subjects
are presented in Table II. A significant difference in the
glucose level was identified (P<0.001) for patients with CKD
when compared with the control group. The kidneys main-
tain glucose homeostasis through the processes of filtration,
reabsorption, consumption and generation. Glucose is filtered
at the glomerulus and is reabsorbed in a healthy individual.
Reabsorption occurs through sodium-glucose co-transporters,
with a maximum rate of 375 mg/min. Glucose appears in
urine as the plasma levels increase >200 mg/dl (12,44,45).
The urea and creatinine levels were estimated in the present
study, and significant increases were identified compared
between the patients with CKD and the control individuals
(P<0.001); this is due to an inability of the kidneys to clear
creatinine during urine excretion, i.e., the function of kidney
that results in increased levels of creatinine in the blood. The
major end-product of protein catabolism is urea, which is
produced via a series of reactions known as the urea cycle.
As is well established, ammonia is converted into urea in the
urea cycle, and this is subsequently transported via the blood
to the kidneys for its removal from the body (46). The amounts
of creatinine and urea in the blood of patients with CKD are
assessed from the excretion of these compounds from the blood
via the kidneys (47). The study by Pandya et al (48) revealed a
significant [P=0.000 (<0.001)] correlation between the serum
urea and creatinine concentrations in individuals with renal

disease. In the present study, the iron levels were found not to
be affected by CKD, and an insignificant difference (P=0.301)
was found after comparing the patients with CKD with the
healthy individuals. However, individuals with chronic
kidney failure were found to exhibit a slight, yet significant
(P=0.001) decrease in Hb levels, which is a key indicator of the
onset of anemia in conjunction with kidney failure. Anemia
resulting from iron deficiency is a frequent consequence of
CKD, characterized by a transferrin saturation index of <20%
and a serum ferritin content of either <100 ng/ml (amount),
or <200 ng/ml (i.e., concentration) or less (19,49). Herein,
the liver enzymes (i.e., AST and ALT) were found to be
associated with kidney failure through significant decreases
in their levels and (P<0.001), and this finding was similar to
that reported in the studies by Cavalcanti Sette er al (50) and
Sabouri et al (51), which included patients with CKD under-
going hemodialysis who had decreased serum AST levels as
a result of variables such as hemodilution, decreased pyri-
doxine levels and elevated homocysteine levels (50,51). The
lower levels of liver enzymes in CKD are caused by factors,
such as the withdrawal of aminotransferases, the resultant
high lactate levels of which, through the dosages of relevant
biomarkers (glucose, urea, serum creatinine, iron, ALP, AST,
ALT, phosphorus, potassium, sodium, calcium and 8-OHdG),
would rapidly expend nicotinamide adenine dinucleotide
phosphate, other uremic factors that inhibit the activity of
these enzymes, and the reduction of pyridoxine, a cofactor that
is essential for the activity of aminotransferases (52,53). In
patients with CKD, the present study identified that the levels
of albumin and total protein were significantly decreased
(P<0.001) compared with those of the healthy individuals. On
the other hand, the ALP level was significantly increased in
patients with CKD (P<0.001). Other than vascular calcifica-
tion and arterial stiffness, other processes may contribute to
the progression of CKD, and the overall mechanism that has
been proposed comprises renal damage from arterial stiffness,
highly pulsatile blood pressure and flow to the low-resistance
renal vascular bed, defects in the filtration barrier leading to
hyperfiltration and intraglomerular hypertension, eventually
leading to nephrosclerosis. Several research groups have
previously noted higher urinary protein excretion levels in
those with higher ALP levels, and this contributes towards
the progression of CKD (54-56). The present study is more
similar to a previous study by Gatua et al (57), who included in
their study the biomarkers total protein, albumin, AST, ALT,
ALP and total bilirubin for patients with CKD. They found
that patients with CKD had decreased levels of serum proteins,
including albumin and total protein, whereas the levels of
liver enzymes, including ALP, were higher. In addition, a
decrease in AST and ALT levels were observed in patients
with CKD, although the levels of bilirubin remained the same;
the concentrations of phosphorus and potassium sodium ions
in the present study were increased, whereas those of sodium
ions and calcium were reduced, and all of these changes were
found to be significant (P<0.001) when comparing the patients
with CKD and the healthy subjects. These findings are in
parallel with those in the study by Molla er al (58), who esti-
mated the levels of serum electrolytes and performed a kidney
function test. In the present study, the level of oxidative stress
was detected by estimating the concentration of 8-OHdG, and
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Table I. Median and interquartile values of the characteristics of the subjects in the present study according to age and sex.

Males Females
Controls, Patients, Controls, Patients,
Variable median (IQR) median (IQR) P-value median (IQR) median (IQR) P-value
Age (years) 42 (30-52) 46.75 (41.75-54.25) 0.003 38 (25-50) 46.72 (39.5-52.5) <0.001
BMI (kg/m?) 24 (23-28) 22 (21-24) <0.001 24 (21-28) 23 (22-24) 0.031

Values in bold font indicate statistically significant differences (P<0.05). BMI, body mass index.

Table II. Association between the significant values of biomarkers of patients with CKD and the control subjects.

Variable Controls, median (IQR) Patients, median (IQR) P-value
Glucose (mg/dl) 105 (100-110) 121 (95-131) <0.001
Creatinine (mg/dl) 0.73 (0.6-0.833) 10 (7.8-11.4) <0.001
Urea (mg/dl) 24.2 (21.88-28.53) 156.21 (126-176) <0.001
Tron (ug/dl) 89 (75.93-103) 83 (37-118.86) 0.301
UIBC (ug/dl) 212 (201-221.18) 206.5 (156-209.38) <0.001
AST (u/l) 24.57 (19.6-27.7) 154 (10.3-21.56) <0.001
ALT (u/l) 18 (13.68-24.25) 14.3 (8.9-22.81) <0.001
T. bilirubin (mg/dl) 0.48 (0.3-0.58) 0.4 (0.22-0.5) <0.001
T. protein (g/1) 8.44 (7.88-9) 5.93 (5.6-6.3) <0.001
Albumin (g/dl) 4.8 (4.5-5.3) 3.9 (3.6-4.29) <0.001
ALP (IU/1) 87 (80.9-92.25) 282.11 (201-311) <0.001
Phosphorus (mg/dl) 5.33 (4.99-5.73) 5.84 (5.1-6.5) <0.001
T. calcium (mg/dl) 9.4 (8.4-9.7) 8.8 (7.8-8.85) <0.001
Ferritin (mg/dl) 85.5 (74.85-94) 476.95 (473-585) <0.001
Potassium (mEq/1) 4.81 (4.5-4.99) 53 (5-55) <0.001
Sodium (mEq/1) 136.33 (130-141.03) 120.59 (117-137) <0.001
Calcium (mg/dl) 1.32 (1.27-1.39) 1.05 (1-1.1) <0.001
Hb (g/dl) 13.39 (12-14.8) 10.2 (8.8-10.7) <0.001
PCV (g/dl) 38.77 (37.98-40.43) 29.94 (26.3-33.5) <0.001
WBC (g/dl) 8.47 (7.45-8.98) 6.33(4.9-6.9) <0.001
Platelets (g/dl) 280.6 (253.75-289) 162.97 (112-186) <0.001
MCV (g/dl) 95 (91.63-96.24) 90.8 (90.66-91.26) <0.001
8-OHdG (pg/ml) 174.58 (173.72-175.31) 417.8 (416.47-418.92) <0.001

Values in bold font indicate statistically significant differences (P<0.05). IQR, interquartile range; CDK, chronic kidney disease; T., total;
UIBC, unsaturated iron binding capacity; AST, aspartate aminotransferase; ALT, alanine aminotransferase; ALP, alkaline phosphatase; Hb,
hemoglobin; PCV, packed cell volume; WBC, white blood count; MCV, mean corpuscular volume; 8-OHdG, 8-hydroxy-2'-deoxyguanosine.

this was found to be increased in patients with renal failure
compared with the healthy subjects (P<0.001). 8-OHdG, as
well as 8-hydroxyl-2-deoxyguanosine, is a biomarker of DNA
damage. The 8-OHdG levels in peripheral leukocyte DNA
were found to be higher in patients with CKD compared with
the control groups, as shown in Tables II and III. A decreased
level of 8-OHdG in patients with CKD has been found to
be associated with kidney creatinine clearance (59,60). By
contrast, a higher plasma concentration of 8-OHdG has been
independently connected with an increased risk of developing
CKD, suggesting that this biomarker can be used to assess

the progression of CKD. The results obtained for the levels
of the 8-OHdG biomarker in the present study were found to
be compatible with those of the study by Sanchez er al (61),
i.e., that increased levels of 8-OHdG in the bloodstream were
shown to be associated with a higher likelihood of developing
renal disease.

In the present study, comparisons were made with the data
obtained for various biochemical and hematological param-
eters in male and female patients with CKD. This analysis
revealed significant differences in the various biochemical
and hematological parameters when comparing the patients
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Table III. Association of biomarker values according to sex in patients with CKD and healthy individuals.

Males Females
CDK Control subjects CDK patientsmedian ~ Control subjects
Variable patientsmedian (IQR) median (IQR)  P-value (IQR) median (IQR) P-value
Glucose (mg/dl) 121.42 (95-136) 105 (100-116) 0.026 121 (96-121.42) 105 (99-115) <0.001
Creatinine (mg/dl) 10.16 (8.1-12.2) 0.75 (0.68-0.9)  <0.001 9.1 (7.3-10.9) 0.69 (0.56-0.78)  <0.001
Urea (mg/dl) 158.21 (126.25-186.5)  25(22.7-28.5)  <0.001 156.21 (126-171) 23.38 (20.1-28.6) <0.001
Iron (ug/dl) 68 (36.67-118.86) 90.4 (78.1-103) 0.018 109 (39.5-118.86) 87.4 (73.8-103) 0.309
UIBC (ug/dl) 206.73 209 (200-220) 0.038 206.5 (142.5-209.18) 214 (203-222) <0.001
(161.68-209.38)
AST (u/l) 14.95 (9.45-21.56)  24.569 (19.5-28.1) <0.001 16 (12-21.557) 24.569 (20-27)  <0.001
ALT (u/l) 14.25 (8.7-22.8) 18.1 (14.5-25)  <0.001 14.3 (9.3-22.8) 18 (12.2-24) 0.021
T. bilirubin (mg/dl) 0.4 (0.293-0.52) 0.5 (0.35-0.61) 0.006 0.4 (0.2-0.47) 0.43 (0.27-0.544) 0.043
T. protein (g/1) 5.93 (5.6-6.43) 8.44 (7.8-8.9) <0.001 5.93 (5.45-6.2) 8.44(7.9-9.1) <0.001
Albumin (g/dl) 39(3.54.1) 481 (4.6-5.5) <0.001 39 (3.6-4.29) 4.8 (44-53) <0.001
ALP (IU/1) 277 (182-311.75) 87.68 (83-95) <0.001 283.11 (227.5-302) 85 (73.9-90.9) <0.001
Phosphorus (mg/dl) 5.83 (5-6.725) 5.33 (4.8-5.6) <0.001 5.83(5.1-6.25) 5.33(5.1-5.9) 0.003
T. calcium (mg/dl) 8.6 (7.79-8.85) 943 (8.78-9.7)  <0.001 8.85 (8-8.88) 9.3 (8.4-9.65) <0.001
Ferritin (mg/dl) 476.95 (432.75-585) 85.5 (78-98) <0.001 476.96 (476.95-585) 85.5 (58.1-87) <0.001
Potassium (mEq/1) 5.3 (5.12-5.7) 481 (4.5-5) <0.001 5.3 (4.7-5.33) 481 (45-499) <0.001
Sodium (mEg/1) 136.59 (135-137) 136.33 (132-143) 0501  136.59 (135-137) 136.33 (129-140) 0.497
Calcium (mg/dl) 1.05 (1-1.1) 1.32(1.27-1.39) <0.001 1.05 (1.01-1.1) 1.32(1.28-1.39) <0.001
Hb (g/dl) 9.9 (8.6-10.55) 14 (13-15.2) <0.001 10.2 (8.85-10.7) 12.7 (11.8-15) <0.001
PCV (g/dl) 29.94 (26.08-33.73)  39.89 (38.58-43.9) <0.001 2993 (26.8-33.25)  38.58 (36.7-39.8) <0.001
WBC (g/dl) 6.3 (4.5-6.98) 8.66 (7.7-898) <0.001  6.33(5.15-6.65) 847 (73-898)  <0.001
Platelets (g/dl) 161.5 (106.5-195) 280 (253-285)  <0.001 162.97 (115-177.5)  280.6 (257-350.8) <0.001
MCYV (g/dl) 90.8 (90.7-91.26) 95(92.4-96.84) <0.001 90.8 (90.66-91.32) 93.99 (90.84-95.91) <0.001
8-OHdG (pg/ml) 417.8 147.58 <0.001 417.8 174.58 <0.001

(416.47-419) (173.1-175.31)

(415.99-418.92) (173.77-175.4)

Values in bold font indicate statistically significant differences (P<0.05). IQR, interquartile range; CDK, chronic kidney disease; T., total;
UIBC, unsaturated iron binding capacity; AST, aspartate aminotransferase; ALT, alanine aminotransferase; ALP, alkaline phosphatase; Hb,
hemoglobin; PCV, packed cell volume; WBC, white blood count; MCV, mean corpuscular volume; 8-OHdG, 8-hydroxy-2'-deoxyguanosine.

with the control subjects, with a majority of these exhibiting
abnormalities in patients with CKD compared with the control
group, as shown in Table III. These findings suggested the
presence of underlying health conditions, such as metabolic
disorders, renal dysfunction, liver injury, bone disorders,
electrolyte imbalances and hematological abnormalities. No
statistically significant differences were identified for iron or
sodium when comparing the patients with the normal subjects,
although it is important to note that even non-significant
differences may still have clinical relevance.

Urea and creatinine are key biomarkers associated with
kidney function, produced in the liver and muscle metabolism,
filtered out of the blood by the kidneys, and excreted in the
urine; this directly reflects their overall function. Uremia,
cardiovascular complications, such as atherosclerosis, bone
and mineral disorders such as calcium and phosphate imbal-
ance, are some of the CKD-related complications associated
with urea and creatinine (62). The association between liver
function tests and CKD is multifaceted, reflecting the complex

interplay between the liver and kidneys in maintaining overall
metabolic homeostasis. Liver function tests are associated with
some CKD-related complications, cardiovascular complica-
tions, and bone and mineral disorders (63). Hematological
variables in the present study are associated with CKD through
lowering erythropoietin production (64).

Further investigations and considerations in the context
of the overall clinical picture are required in order to fully
interpret these findings. Males are more prone to developing
CKD than females due to decreased levels of high-density
lipoprotein in males that participate in the growing cardiovas-
cular complications and finally progress to CKD; this may be
due to the activity of estrogen hormones in females within the
reproductive period, but tends to diminish with age (65).

In the present study, correlation analysis for the various
biochemical parameters was subsequently performed, and each
cell in Table IV represents the Spearman's correlation coef-
ficient between two variables and the corresponding P-value.
This analysis provides insight into the associations between
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Table IV. Continued.

MCV 8-OHdG

PCV  WBC Plates

Hb

Alb. ALP Ph. T.Ca. Ferritin K* Na* Ca*?

ALT T.Bill T.Pr.

Iron UIBC AST

Urea

Glucose Creatinine

0.538° 0.884° 1.000
0.001

0.654  0.001

0.021
-0.492°> -0.179° -0.034 0.422°

-0.604° -0.288°

0.224°

0.556° 0.538° -0.601° -0.123°
0.015 0.001 0.001

0.113*

0.158°
0.001

0.339°
0.001

-0.553>  -0.593° -0.053 0.092*
0.001 0.001

-0.165°
0.001
-0.053

Rho
P

PCV

0.001

0.008 0.001 0.001

0.001

0.250 0.047

0.273> 1.000

0.001

0.292°
0.001

0.216°

-0452° 0034 0.114* 0.184> 0.040 0.001 0411°> 0325 -0.498" -0.150°
0464 0.014 0.001 0.979 0.001 0.001

Rho -0.507°
0.001

P

WBC

0470  0.001

0.001

0.001
-0.604° -0.289° -0.007 0.573°

0.001  0.001

0.390 0.001

0.001

0.258
-0.085
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1.000

0.621°

0.420°
0.001

0.424°
0.001

0.227°
0.001

0.467° -0.613* -0.183°
0.001

0.555°

0.061

0.188 0.001
0.200°

0.001

-0.087

0.128°
0.006
0.107*
0.021
-0.146" -0.394° -0.181°

0.288°
0.505 0.002 0.001

-0.683"  -0.604° -0.010 0.180°
0.001 0.001

0.001

Rho
P

Plat.

0.001

0.882 0.001

0.001

0.001

0.001

0.001

0.824  0.001

0.069
-0.130°
0.005

1.000

0.288°

0.001
-0.457° -0.360°

0.340° 0411° 0.357° 0.181°
0.001 0.001

0.028
0.543  0.001

0.162° -0.359* -0.070

0.368° -0.365" -0.109*

0.396°

0.001
-0.550° -0.482°

0.060 0.001

0.180°
0.001

-0.412° -0.023 0.134°
0.001

-0.393°
0.001

Rho
P

MCV
8-OHdG Rho

0.001

0.019 0.001 0.001 0.I33
0.117* 0.276°
0.001

0.001

0.001

0.621 0.001
0.031

1.000

-0.583" -0.546 -0.597° -0.336°

0.028

0.617°

-0.170°
0.001

0.607°
0.001

0.599°
0.001

0.632°

0.001

0.188°
0.001

0.001 0.001 0.001 0.001 0.001 0.001

0.541

0.001

0.012

0.001

0.001

P

Values in bold font indicate statistically significant differences; values in italic font indicate no significant difference; “correlation is significant at 0.05; *correlation is significant at 0.01. CDK, chronic kidney disease; T., total; UIBC,

unsaturated iron binding capacity; AST, aspartate aminotransferase; ALT, alanine aminotransferase; ALP, alkaline phosphatase; T. Bill, total bilirubin; T. Pr., total protein; Ph., phosphorus; T.Ca., total calcium; K*, potassium; Na*,

sodium; Hb, hemoglobin; PCV, packed cell volume; WBC, white blood count; Plat., platelets; MCV, mean corpuscular volume; 8-OHdG, 8-hydroxy-2'-deoxyguanosine; P, P-value.
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Figure 1. Area under the ROC curve analysis of the 8-OHdG biomarker for
CKD detection. AUC, area under the curve; ROC, receiver operating char-
acteristic; 8-OHdG, 8-hydroxy-2'-deoxyguanosine; CKD, chronic kidney
disease.

various biochemical parameters, which may be valuable for
the understanding of the underlying physiological processes
and the associated potential health conditions.

Positive correlations were identified for glucose with urea,
total albumin, ALP, ferritin, potassium, calcium, Hb, PCV,
WBC, total platelets. MCV and 8-OHdG. Positive correlations
were identified for urea with total protein, albumin, ALP,
ferritin, potassium, calcium, Hb, PCV, WBC, total platelets,
MCYV and 8-OHdG. A positive correlation was identified for
creatinine with urea. Positive correlations were identified for
total protein with albumin, ALP, ferritin, potassium, calcium,
Hb, PCV, WBC, total platelets, MCV and 8-OHdG. Positive
correlations were identified for albumin with ALP, ferritin,
potassium, calcium, Hb, PCV, WBC, total platelets, MCV and
8-OHdG. Positive correlations were identified for ALP with
ferritin, potassium, calcium, Hb, PCV, WBC, total platelets,
MCYV and 8-OHdG. Positive correlations were identified for
ferritin with potassium, calcium, Hb, PCV, WBC, total plate-
lets, MCV and 8-OHdG. Positive correlations were identified
for potassium with calcium, Hb, PCV, WBC, total platelets,
MCYV and 8-OHdG. Positive correlations were identified for
sodium with AST, TSB and total calcium. A positive corre-
lation was identified for calcium with total calcium. Positive
correlations were identified for Hb with PCV, WBC, total
platelets, MCV and 8-OHdG. Positive correlations were identi-
fied for PCV with WBC, total platelets, MCV and 8-OHdG.
Positive correlations were identified for WBC with total plate-
lets, MCV and 8-OHdG. Positive correlations were identified
for total platelets with MCV and 8-OHdG. Finally, a positive
correlation was identified for MCV with 8-OHdG. In terms
of negative correlations, these were identified for TSB with
total protein and total calcium; total calcium was negatively
correlated with TSB; Hb was negatively correlated with iron;
and iron was negatively correlated with UIBC. On the other



hand, no significant correlations were identified for glucose,
iron, UIBC, AST, ALT, phosphorus, sodium and 8-OHdG with
the majority of the other variables.

The area under the ROC curve (AUC) values, ranging from
0 to 1, was evaluated to assess the discriminatory power of the
model, with higher scores indicating superior performance.
The AUC score that was obtained of 0.913, suggested that
the model effectively discriminated between patients with
CKD and normal individuals using the biomarker values for
8-OHdG. Therefore, this high AUC value indicated the robust
capability of the model to distinguish between cases of CKD
and non-CKD based on biomarker measurements, as illus-
trated in Fig. 1. The recent advancements in therapies, such as
SGLT?2 Inhibitors and gene therapy, and regenerative medicine
can reduce oxidative stress lower 8-OHdG levels, and improve
disease outcome. Finally, the studied biomarkers (liver func-
tion tests, renal function test, hematological assessment, and
electrolytes) collectively provide a comprehensive picture
of the physiological and biochemical disturbances in CKD,
helping in the early detection, management, and prevention of
CKD-related complications.

In conclusion, the results of the present study have revealed
a significant association between age and the occurrence of
CKD, highlighting the importance of age as a risk factor for
the disease. Additionally, the present study has underscored the
substantial impact of BMI on CKD development, indicating a
close correlation between obesity and the risk of developing
CKD.

The biochemical analyses revealed significant differences
in several parameters, including glucose, urea, serum creati-
nine, iron, liver enzymes, aminotransaminases, phosphorus,
potassium, sodium, calcium, and the oxidative stress marker
8-OHdG among individuals with CKD compared with healthy
controls. However, the sex of the subjects did not reveal any
notable differences in terms of the biomarkers evaluated in the
present study when comparing each sex group separately for
the patients and controls.
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