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Abstract

Background Acute kidney injury (AKI) and chronic
kidney disease CKD cause different GFR declines (AKI).
A gradual, irreversible decline in GFR is a CKD symptom.
Diseases impair the kidneys’ ability to concentrate or dilute
tubular filtrate, eliminate nitrogenous waste, and maintain
acid-base balance. Acute kidney failure (AKF) is a sudden,
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reversible renal function loss requiring RRT. Chronic kid-
ney disease has a 13.4% global prevalence and 1.2 million
annual deaths.

The Aim Serum creatinine, urea, potassium, chloride,
calcium, sodium, and serum uric acid in CKD patients and
healthy controls, and how these indicators vary with CKD
development.

Determination of some trace elements such as copper, zinc,
and iron in the sera of patients.

Materials and Methods The study included (30
healthy participants) and (60) patients with CKD (control).
The participants in this study were people who traveled
to Basrah Teaching Hospital aged 25 to 65. From Octo-
ber 2020 to February 2021, specialized physicians examined
each participant in this study at Basrah Teaching Hospital.
Serum potassium, sodium, chloride, calcium, phosphorus,
urea, uric acid, and serum creatinine were measured using
kits.

Results The current study results have shown a signif-
icant increase (P < 0.01) in the following biomarkers in
CKD patients: serum creatinine, urea, phosphorus, chlo-
ride, uric acid, and Cystatin-C. The results also showed a
significant decrease in levels following biomarkers in CKD
patients: serum calcium and sodium.

Conclusion Chronic renal disease raises serum creati-
nine, urea, potassium, chloride, and uric acid. Chronic
renal disease patients had lower calcium and sodium levels.
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1 Introduction

The kidney is a bean-shaped organ with a central
evagination known as the hilum, through which blood
arteries, lymphatic vessels, and nerves escape and en-
ter the kidney. The two kidneys are on opposite
sides of the human spinal column [1]. By raising
the risk of at least five other significant causes of
death—cardiovascular disease (CVD), diabetes melli-
tus (DM), hypertension, HIV, and malaria—chronic
kidney disease indirectly affects global disorder and
mortality. For instance, the Global Burden of Dis-
ease (GBD) is anticipated to result in 1.2 million an-
nual deaths, 19 million disability-adjusted life years
(DALYs), and almost the same million years of life
lost due to reduced glomerular filtration rates. Fur-
thermore, 1.2 million people died from renal failure in
2015, a 32% rise from 2005 [2].

According to estimates, 2.3 and 7.1 million people with
end-stage renal illness passed away in 2010 without ac-
cess to chronic dialysis. Additionally, 1.7 million peo-
ple are thought to pass away annually due to acute
renal impairment. As a result, it is estimated that
5 to 10 million people every year pass away from re-
nal disease. According to some epidemiological data,
these numbers may underestimate the actual number
of fatalities brought on by renal sickness because of a
general lack of knowledge and frequently insufficient
laboratory expertise [3].

Patients with chronic kidney disease (CKD) may have
cardiovascular or cerebrovascular problems, and their
deaths might be attributed to either. Clients with hy-
pertensive and ischemic heart disease, linked to an in-
creased risk of cardiovascular illness and mortality, of-
ten have altered kidney function. Diabetic nephropa-
thy affects around 30% of diabetic patients, with cer-
tain ethnic groups having higher trouble [4]. The rate
of GFR decline varies between acute kidney injury
(AKI) and chronic kidney disease (CKD) (AKI). GFR
declines slowly and irreversibly over many months,
years, or even decades due to CKD [5].

Chronic refers to something that lasts for a very long
time, and CKD is characterized by developing kidney
damage, structural changes to the kidney, a decline in
renal function, or renal damage and decreased function
that last for longer than three months. Chronic kidney
disease, which has a global prevalence of 13.4% and a
mortality rate of 1.2 million per year, is a significant
public health issue (about). Numerous study groups
have looked into CKD’s physical and chemical causes,
including soil, water, food, heat stress, radiation, pes-
ticides, and environmental samples. They have yet to
identify the specific factors that are to blame [6].

A tiny chemical compound called urea has a molecu-
lar weight of 60 and is made up of two bonded amino
(NH2) and carbonyl (C=0) groups. It is a nitrogenous

byproduct of the degradation of proteins and amino
acids (AA). Proteins are initially broken down into
the component AA, which is then deaminated to pro-
duce the deadly ammonia (NH3). The "urea cycle" is
a series of five enzymatically controlled processes that
transform hazardous ammonia from protein degrada-
tion into non-toxic urea [7,8]. Plasma and/or serum
creatinine are two of the chemicals most frequently
analyzed in clinical chemistry labs worldwide. The
molecular weight of creatinine, an amino acid deriva-
tive, is 113 Da. Almost exclusively found in striated
muscle tissues, it is a waste metabolic byproduct of
creatine and phosphocreatine (90 percent). Typically,
muscle contains 125 mmol/kg dry mass of total crea-
tine. A daily conversion of 2% of the body’s creatine
to creatinine results in consistent creatinine output. It
is filtered freely by the renal glomeruli and released by
the proximal tubules, accounting for 5 to 10% of the
creatinine removed [9)].

Numerous animals, including insects, birds, and rep-
tiles, have the heterocyclic compound uric. Uric acid is
a nitrogenous metabolic waste product that is almost
insoluble. Some mammals’ blood and urine contain
uric acid, the end product of purine metabolism. The
last stage of the breakdown of nucleic acids and pro-
teins leads to the release of uric acid in urine. Uric
acid is synthesized by plants as well. When xanthine
oxidase genes contain mutations, uric acid levels may
rise in specific organs. Algae symbiotically coupled
with some types of sea anemones were said to collect
significant levels of potassium oxalate. However, this
prediction was shown to be wrong when it was proven
[10]. The body needs sodium in very high doses since
it is an electrolyte. When electrolytes are dissolved
in biological fluids like blood, they acquire an electric
charge. Most of the body’s salt is in the blood and
the surrounding fluid cells. The body needs sodium
to maintain a healthy fluid balance. Sodium is re-
quired for normal neuron and muscle function [11].
As a nutrient, calcium is frequently associated with
bone metabolism and formation. Calcium hydroxya-
patite, which makes up more than 99 percent of the
body’s total calcium and strengthens hard tissue, is
found in the bones and teeth. Calcium is required for
vascular contraction, vasodilation, myofunction, neu-
ronal transmission, intracellular communication, and
hormone production in the circulatory blood, extracel-
lular fluid, muscle, and other tissues. Through bone
remodeling, bone tissue acts as a calcium supply and
reserve for these vital metabolic needs[12].

When potassium (K') intake and elimination are bal-
anced, and the distribution of KT between extracellu-
lar and intracellular fluid compartments is kept regu-
lar, plasma KT content is kept within a narrow range.
The latter is crucial since cells contain 98% of ex-
changeable K+ and just 2% of the body’s total KT,
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which is included in extracellular fluid. This kind es-
tablishes the resting cellular charges, with the interior
oriented negatively with respect to the outside, and it
explains how problems with plasma KT homeostasis
lead to symptoms in active tissues. The typical total
body KT level of a 70 kg individual, which varies from
3,000 to 4,000 mEq, is maintained mainly by the renal
tissues. Only 60 to 80 mEq of the body’s total reserves
are present in extracellular fluid, where they are typ-
ically held at a concentration of between 3.5 and 5.3
mEq [13].

The primary anion in the body, chloride, has a molec-
ular weight of 35.5 and accounts for 70% of the haz-
ardous ions. An adult’s body typically contains 115
grams of chloride or roughly 0.15 percent of their entire
body weight. The vital extracellular anion chloride is
responsible for many bodily processes, such as main-
taining osmotic pressure, acid-base balance, muscle ac-
tivation, and water transport between fluid chambers
[14]. Phosphorus is found in every living cell and is sec-
ond only to calcium in overall body weight, represent-
ing 1% of the entire body weight. Phosphorus works as
a structural component of bones and teeth, DNA and
RNA, and as a component of membrane lipid bilay-
ers and lipoproteins [15]. When present in phosphoric
acid buffers, phosphorous takes part in the generation
of ATP (energy) by phosphorylating a phosphate on
the ATP molecule, buffers the plasma, modulates gene
transcription, aids enzyme catalysis, and allows sig-
nal transduction pathways affecting a variety of organ
activities, including renal elimination, to take place.
An inorganic phosphate concentration between 2.5 and
4.5 mg/dL is firmly managed in adult humans’ plasma
and/or serum concentrations [16].

2 Material and method

2.1 Chemicals

Diagnostic kits used in the present study and their
manufacturers are shown in Table 1.

Table 1: Kits and their manufacturers.

Name Company Country

Serum Potassium kit Roche Diagnostic  Switzerland
Serum Sodium kit Roche Diagnostic  Switzerland
Serum Chloride kit Roche Diagnostic  Switzerland
Serum Calcium kit Roche Diagnostic  Switzerland
Serum Phosphorus kit  Roche Diagnostic = Switzerland
Serum Urea kit Roche Diagnostic  Switzerland
Serum Uric acid kit Roche Diagnostic  Switzerland
Serum Creatinine kit ~ Roche Diagnostic =~ Switzerland

www.biomedbiochem.com
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2.2 Sample collection

There were (30) healthy individuals and (60) people
with chronic renal disease included in this research.
Participants in the study at the Al-Basrah Teaching
Hospital in the Basrah governorate varied in age from
(25 to 65). From October 2020 to February 2021,
specialized physicians assessed each participant in this
trial at the hospital. The department of Medical Lab-
oratory Technology at Southern Technical University
in Basrah is where the practical study was conducted.

2.3 Serum samples treatment

Each participant (patients and controls) was provided
five milliliters of blood, which was then transferred
to sterilized test tubes and allowed to coagulate for
30 minutes at room temperature. The serum was ex-
tracted from the blood sample and stored at -20 °C
until use after being centrifuged at 3000 rpm for 15
minutes.

2.4 Exclusion criteria

Many individuals were excluded from the trial because
they had acute and chronic illnesses other than re-
nal diseases, hypertension, and diabetes mellitus. We
didn’t include any participants in the study who had
hormonal problems.

2.5 Statistical analysis

Data are stated as means + standard deviation (SD).
Both the t-test and the chi-square test were used to
examine differences in group means. Additionally,
correlations between variables were found. SPSS for
Windows was used to execute every statistical anal-
ysis (version 23, USA).The Mann-Whitney and non-
parametric Kruskal-Wallis tests were utilized when the
prerequisites for a normal distribution were not met.
P 0.05 was considered statistically significant in the
normal distribution, whereas P > 0.05 was considered
non-significant.

3 Results and Discussion

3.1 Demographic data of the study
groups

The statistical distribution (frequency and percent-
age) of the study groups (patients and controls) by
age, weight, and gender is shown in Table 1, Figure
1, Figure 2, and Figure 3. According to this data,
men and women were evenly distributed (50 percent
each), and the highest rates of the control subgroup
were among those with ages between (37 and 44) and
weights between (71 and 83) and (84 and 96) kg.
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Table 2: Statistical distribution of the study groups by their age, weight, and gender .

Items Sub-groups  Control Group (N= 30) CKD Patients (N= 60) Chi-Square (P value) Sig.
Freq. % Freq. %
25-36 3 10.0 4 6.7
37-44 15 50.0 23 38.3
Age / Years 4555 9 30.0 99 36.7 2.3 (0.68) NS
56-65 3 10.0 11 18.3
Mean + SD 51.18 £ 10.76 51.20 £ 10.72
45-57 1 3.3 6 10.0
58-70 ) 16.7 19 31.7
Weight / Kg  71-83 11 36.7 18 30.0 9.4 (0.06) NS
84-96 11 36.7 8 13.3
97-109 2 6.7 9 15.0
Mean + SD 77.92 £ 20.92 76.08 £ 15.11
Male 15 50.0 30 50.0
Gender Female 15 50.0 30 50.0 0.09 (0.76) NS

NS: Non-significant; SD: Standard Deviation

The same table reveals that males and females were
equally distributed (50%) within the CKD Patients
subgroup, with the most significant percentages being
among those ages between (37.44) years old (38.3%)
and those with weights between (58-70) kg (31.7%).
Age, gender, and weight between the study’s patient

The statistical distribution (frequency and percent-
age) of the study groups (patients and controls) by
age, weight, and gender is shown in Table 1, Figure
1, Figure 2, and Figure 3. According to this data,
men and women were evenly distributed (50 percent
each), and the highest rates of the control subgroup
were among those with ages between (37 and 44) and
weights between (71 and 83) and (84 and 96) kg.
The same table reveals that males and females were
equally distributed (50%) within the CKD Patients
subgroup, with the most significant percentages being
among those ages between (37.44) years old (38.3%)
and those with weights between (58-70) kg (31.7%).
Age, gender, and weight between the study’s patient
and control groups are not significantly different (P
> 0.05), according to the same table; this finding is
required to rule out confounding variables that could
interfere with comparing patients with CKD and the
control group.

and control groups are not significantly different (P
> 0.05), according to the same table; this finding is
required to rule out confounding variables that could
interfere with comparing patients with CKD and the
control group.
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Figure 1: Statistical distribution (frequency) of age sub-
groups for patients and control
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Table 3: Routine indicators between CKD patients and the control group were measured differently.

Routine Markers Control Group (N=30) CKD Patients (N= 60) T Test P value
Mean SD Mean SD
Serum Creatinine (mg/dL) 0.75 0.12 5.25 3.75 6.55 0.000 HS
Serum Urea (mg/dL) 22.9 6.52 98.88 30.37 13.51 0.000 HS
Serum Calcium (mg/dL) 9.62 0.44 7.35 1.05 6.09 0.000HS
Serum Phosphorus (mg/dL)  4.29 0.72 7.62 1.59 5.42 0.000 HS
Serum Potassium (mmol/L)  4.71 0.39 6.67 2.26 3.26 0.02 S
Serum Chloride (mmol/L) 102.27 3.5 112.87 5.31 2.77 0.006 HS
Serum Sodium (mmol/L)  146.63 6.11 134.28 6.29 2.43 0.018 S
Serum Uric Acid (mg/dL) 4.9 1.09 8.03 1.43 3.74 0.000 HS
HS: High Significant at P<0.01; S: Significant at P<0.05; SD: Standard Deviation
0 20 .
16 w0
¢ g
- 3 20
£ 8 £
. 10
u Control L
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Figure 2: Statistical distribution (frequency) of weight
subgroups for patients and control

Table.2 illustrates the differences in normal marker
levels between the control and CKD groups. This ta-
ble shows a highly significant increase (P < 0.01) in
serum creatinine, urea, potassium, phosphorus, chlo-
ride, and uric acid levels in CKD patients compared
to the control group.

The blood creatinine and urea levels in CKD patients
are significantly higher (P < 0.01) than in the control
group, as seen in this table. Wong-Vega et al. (2020)
[17] stated that the rise in urea and creatinine levels
in patients with CKD might be related to disrupted
transport activities of the epithelial cells of the collect-
ing tubules and diffuse impairment in the functions of
proximal convoluted tubules. The kidneys’ glomeruli
filter creatinine, a non-protein waste product of the
metabolism of creatine phosphate in muscles. On the
other hand, the level of creatinine in the blood may
increase if there is a deficit in the renal filtration pro-
cess as a result of impaired renal function. Because
creatinine is one of the metabolic waste products typi-
cally removed with urine, the content of creatinine has
increased. GFR is decreased in renal failure, which
raises serum urea nitrogen levels [17].

In patients with end-stage renal disease, urea levels
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Figure 3: Statistical distribution (frequency) of gender
subgroups for patients and control

can rise to pre-dialysis amounts ten times or higher
than the top limit of the normal range in CKD pa-
tients. It determines the effectiveness of intradialytic
solute removal and uraemic retention in CKD [18]. As
the liver breaks down proteins and amino acids, urea
is produced as a byproduct. Before being filtered by
glomeruli, it is dispersed in the blood via extracellu-
lar and intracellular fluids. As the kidney filters urea
produced by the liver, a high blood urea nitrogen level
indicates impaired renal function [19].

The present study’s findings also indicate that the lev-
els of blood sodium in CKD patients are significantly
lower (P < 0.05) than in the control group, also shows
that there are highly significantly lower (P < 0.01) lev-
els of serum calcium. This finding agrees with Jameson
(2010)(20). He found that serum calcium concentra-
tions are lower in renal failure patients. This decrease
in serum calcium could be due to increased serum
phosphorous because serum calcium and phosphorous
concentrations have an inverse relationship. Any in-
crease in one will result in a decrease in the other.
Another possible cause for the reduction of serum cal-
cium is a disturbance in vitamin D synthesis due to
renal failure, which is caused by the kidney’s inability
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to synthesize the active form of vitamin D (1,25- di-
hydroxy cholecalciferol), which is very important for
calcium absorption in the patient’s intestine [20].

A 70-kg person’s total body K™ levels, which range
from 3,000 to 4,000 mEq, are predominantly main-
tained by the kidney. The collecting duct and late
distal tubule may sustain severe damage as a result
of tubular necrosis in CKD. This direct harm to KT+
secretion cells causes K™ to be retained in the blood.
Hyperkalemia is uncommon in people with CKD until
GFR falls to 15 to 20 mL/min. Even with a significant
loss in kidney mass, it is still possible to maintain a
somewhat normal plasma K* concentration since the
remaining nephrons’ rate of KT secretion has been
adaptively enhanced. Similar adaptations occur in
healthy individuals who consume a lot of Kt in their
diet. In animal models, long-term KT loading en-
hances the distal nephron’s secretory capability, lead-
ing to enhanced renal KT excretion independent of
plasma KT concentration [13]. With the development
of CKD, gastrointestinal K* secretion becomes more
essential in maintaining total-body KT content. Each
hemodialysis treatment removes approximately 80 to
100 mEq of Kt (up to 300 mEq/wk), while dietary
K™ consumption is typically 400 to 500 mEq/wk [21].
The current research also discovered that CKD pa-
tients had a significant rise (P<0.01) in blood phos-
phorus levels compared to the control group. This
finding is consistent with Suki and Moore’s (2016) [22]
finding that phosphorus is required for various biolog-
ical and metabolic processes essential to life, including
the storage of energy for usage by all cells, includ-
ing skeletal and heart muscles. Patients on dialysis
may have persistent hyperphosphatemia for various
reasons, including the following: Only 800 to 1,000 mg
of phosphate are eliminated after a single hemodialysis
session. As a result, three times per week of dialy-
sis is insufficient to help individuals on dialysis meet
their daily phosphorus need of 1,000 mg. Many retail
food products contain highly accessible inorganic phos-
phate as a preservative to maintain freshness. These
increase the patient’s phosphate load, as was already
mentioned. Phosphate binders increase the number of
medications that dialysis patients must take and other
medications. Phosphate binders are frequently large,
difficult-to-swallow pills that might affect one’s per-
ception of flavor if chewed while eating, which makes
compliance challenging.

Additionally, these medications frequently cause diges-
tive issues and have a variety of phosphate-binding ca-
pacities. Finally, two more important factors related
to the strategies used to treat these people have been
discovered. One is using high doses of calcitriol or its
equivalents, which have enhanced small intestine ac-
tive phosphate absorption. The second point is that
phosphate enhancement is known to be stimulated

by lowering intestine-free phosphate concentrations,
whether by dietary phosphate limitation or phosphate
binders [22].

In numerous cross-sectional population studies, the av-
erage blood phosphorus level in people with normal re-
nal function, also known as inorganic phosphate, or IP,
has been found to be reasonably steady at 3.8 mg/dL.
Until their glomerular filtration rate (GFR) falls below
30 mL/min/1.73 m2, which denotes Stage 4 chronic re-
nal disease, it operates similarly in those with impaired
kidney function (CKD). Serum phosphorus levels rise
at this point and keep growing as these people develop
the end-stage renal disease [22].

According to Soi and Yee (2017) [23], Besides being a
crucial mineral for preserving the proper fluid balance
inside the body, sodium has also contributed signifi-
cantly to the development of the global economy. 50 -
60% of the filtered load is reabsorbed by the proximal
tubule via the apical sodium-hydrogen exchanger. As
GFR declines, CKD profoundly impacts normal physi-
ology, changing the sodium balance in various ways. It
has been demonstrated that each individual nephron
unit experiences an adaptive increase in salt excretion.
Because people with advanced CKD are more likely to
experience the negative effects of high dietary sodium
intake, sodium restriction becomes crucial [23].

Even though people with chronic kidney disease
(CKD) frequently have elevated blood uric acid lev-
els, this problem has generally been disregarded as in-
consequential. Uric acid, however, has recently been
identified as a potential risk factor that may quicken
the onset of CKD. Most research has found that in-
creased blood uric acid levels can independently pre-
dict the onset of CKD. Increased blood uric acid lev-
els always accompany a decrease in glomerular filtra-
tion rate (GFR) because the kidneys are the organs
that primarily remove uric acid. The development of
intrarenal arteriolar lesions and an increased risk of
cardiovascular death in people with CKD have been
associated with higher blood uric acid levels, compa-
rable to the vascular effects reported in hyperuricemic
experimental animals. A higher risk of cardiovascular
disease and death is associated with high and low uric
acid levels, although the J-curve flips in patients with
end-stage renal failure [24].

A significant increase in serum chloride was also seen
in our study. It agrees with Rein Coca (2019) [25],
who stated that renal vasoconstriction caused by tubu-
loglomerular feedback and potentially other processes,
which will be thoroughly discussed later in this article,
is thought to be related to hyperchloremia-associated
kidney disease. Numerous studies demonstrate an in-
creased risk of renal illness, morbidity, and death in
relation to variations in blood chloride concentration,
independent of serum sodium and bicarbonate [25].
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Conclusion

There is an increase in the following biomarkers in

patients with chronic kidney disease:

serum creati-

nine, serum urea, serum potassium, serum chloride,
and serum uric acid. There is a decrease in the follow-
ing biomarkers in patients with chronic kidney disease:
serum calcium and serum sodium.
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