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ABSTRACT
Keywords: This study investigated key renal and biochemical parameters in Chronic Kidney Disease
Chronic Kidney Disease, (CKD) patients by comparing a cohort of 147 non-dialysis patients with 147 patients
Electrolytes undergoing dialysis. Key findings indicate that while both groups exhibited elevated urea and
Urea, Creatinine creatinine levels, urea was lower in dialysis patients, whereas creatinine was significantly
Uric Acid, higher. Blood pressure was minimally increased in both groups, but was higher in the non-
Glomerular Filtration Rate, dialysis cohort. Uric acid levels were notably lower in patients on dialysis. Regarding
Dialysis. electrolytes, potassium levels were higher in the dialysis group, while sodium levels remained

normal and stable across both cohorts. Serum phosphorus was elevated in both groups, with
slightly higher levels in non-dialysis patients. A significant difference was observed in serum
calcium, which was normal in non-dialysis patients but below the normal range in the dialysis
group. Both groups also showed elevated fasting blood sugar. As expected, Glomerular
Filtration Rate (GFR) was sharply decreased in all patients, most severely in the dialysis
group, consistent with end-stage renal disease. The results underscore the profound metabolic
and physiological changes in CKD patients. The study concludes that enhancing dialysis
efficiency and providing comprehensive patient education on medication, diet, and lifestyle
are critical for improving quality of life, reducing complications, and lowering healthcare
costs associated with CKD management.

Introduction

Chronic Kidney Disease (CKD) is becoming a significant public health concern. It is characterized by
irreversible deterioration of renal function that eventually leads to end-stage renal disease (ESRD). At that
point, patients need renal replacement treatment like dialysis or kidney transplantation [1]. Soon, the
prevalence of CKD is predicted to grow, with the anticipation that more than two million individuals will be
in demand for renal replacement therapy by 2030 [2]. The primary role of the kidneys is the removal of
toxic byproducts and excess fluid from the body; in addition, they are essential for maintaining acid-base
homeostasis and electrolyte balance [3]. Renal function can be determined through blood tests, with
commonly used biomarkers such as creatinine, uric acid, electrolytes, and urea [4]. Glomerular filtration
rate (GFR) is widely known as the best parameter for determining kidney function [5].

GFR gradually falls in CKD, which leads to the accumulation of urea, creatinine, and other wastes in the
blood [6]. Based on the Kidney Disease Improving Global Outcomes (KDIGO) guidelines, a GFR below 60
mL/minute/1.73 m2 is a sign of CKD [6]. Beyond this point, serious complication begins to appear, such
as electrolyte disturbance, mineral bone disease, anemia, metabolic acidosis, and atherosclerosis [7]. A
reduction in GFR can also lead to high levels of uric acid in the blood, a condition known as hyperuricemia
(HUA). This condition is frequently seen in people with CKD [8,9]. Additionally, abnormalities in calcium
and phosphorus are commonly seen in CKD patients.

Renal osteodystrophy, a form of metabolic bone disorder often associated with CKD [10]. Estimates
suggest that 25%-40% of patients with diabetes and hypertension are expected to develop chronic kidney
disease (CKD) [11]. Hypertension is one of the most significant risk factors for developing kidney failure.
High blood pressure can cause vascular damage within the kidneys, thereby reducing their ability to
excrete waste products. Accumulation of wastes in the body fluids contributes to elevated blood pressure,
which in turn leads to the development of end-stage renal disease (ESRD) [12,13]. Moreover, kidney
disease is the most frequent complication observed in patients with diabetes, with approximately 50% of
diabetic patients suffering from kidney disease throughout their life [14]. When kidneys are dysfunctional,
wastes such as urea, creatinine, and free water are eliminated from the blood through one replacement
treatment called haemodialysis [15].

The process of haemodialysis can be an effective method for the removal of harmful wastes from the blood,
which helps patients live longer [16]. Proper dialysis can reduce the occurrence of complications and care
expenses [17]. However, when hemodialysis is insufficient, the morbidity and mortality will be higher
among dialysis patients [18]. Mineral metabolism, for example, is a critical indicator of morbidity and
mortality among patients undergoing dialysis [19]. There are factors affecting dialysis efficiency, which
include appropriate scheduling of dialysis, patient education, suitable dialyzer, and the meal habits of
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patients [20]. High-protein diet, particularly from meat and certain vegetables, can increase the renal load
and lead to the accumulation of urea and creatinine in the blood [21].

Methods

This cross-sectional study was conducted at Zawia Kidney Hospital in Zawia, Libya, from March 1st to
October 31st, 2024. A total of 294 Libyan patients participated in the study, divided into two distinct
groups. Group A comprised 147 renal dialysis patients (60 males, 87 females), who were recruited from
the hospital's dialysis unit randomly. Group B consisted of 147 chronic kidney disease (CKD) non-dialysis
patients (75 males, 72 females), who were randomly selected for follow-up at the Outpatient Department
(OPD) clinic of Zawia Kidney Hospital. The age range for CKD patients in Group B was 34 to 80 years,
while renal dialysis patients in Group A ranged from 32 to 75 years.

Data Collection and Questionnaire

Data were collected using a standardized interview questionnaire. This questionnaire encompassed
demographic information such as name, gender, age, and weight. Clinical history details included the
presence of heart disease, bone disorders, and other comorbidities, as well as the type of treatment
received, duration of diabetes mellitus, duration of dialysis, and current medications. Additionally, the
study involved the analysis of various biochemical parameters, including urea, creatinine, calcium (Ca),
sodium (Na), potassium (K), phosphorus (P), uric acid, and fasting blood sugar analyses (FBS).

Blood Sample Collection and Processing

Blood samples were collected from both groups. For each participant, samples were drawn after dialysis
(for Group A) and randomly for Group B. These samples were collected into clean, dry tubes without
anticoagulant for serum separation. Subsequently, the samples were centrifuged at 2000 rpm for 15
minutes. The clear, non-hemolyzed supernatant serum was then utilized for comprehensive biochemical
analysis, which includes kidney function tests, blood glucose levels, and electrolyte measurements. All
analyses were performed using an automated Hitachi chemistry analyzer.

Ethical Approval
Ethical approval for this study, including the collection and processing of data from the medical laboratory
unit, was obtained from Zawia Kidney Hospital.

Data Management and Analysis

All collected data were entered and analyzed using the Statistical Package for the Social Sciences (SPSS)
software, version 21 (IBM SPSS, NY, USA). Continuous variables were presented as Means * Standard
Error of the Mean (SEM). Statistical significance was defined as a p-value less than 0.05 (P < 0.05) or less
than 0.01 (P < 0.01).

Results

This cross-sectional investigation was undertaken at the Zawia Kidney Hospital in Zawia city, Libya. The
study period extended from February 1st 2024, to October 31st: 2024, where 294 patients participated. The
cohort was divided into two distinct groups for analysis. The first group included 147 renal dialysis
patients (60 males, 87 females), where 40.82% were male and 59.18% were female. The second group
consisted of 147 patients with chronic kidney disease (CKD) not undergoing dialysis (75 males, 72
females) 51% of them were male and 49% were female, as shown below in (Table 1). The non-dialysis CKD
Patients group had a mean age of 59.2857 + 13,07032 years SD+ and a mean weight of 82.0204 SDzx
11.67528 Kg, which was higher than the age mean and the weight mean of the dialysis patients group,
49.9796 SD+ 13.94407 years and 69.3061 SD* 15.17047 kg, respectively (Table 2). The clinical and
biochemical parameters for both the non-dialysis patient group and dialysis patient groups are
summarized in (Table 3). The mean levels of blood pressure were higher in the non-dialysis group at
135/88 mmHg, compared to 130/75 mmHg in the dialysis group.

Regarding kidney function, serum urea levels were elevated in both cohorts, though higher in non-dialysis
patients (11.8823 £ 0.6516 mmol/L) than in dialysis patients (11.1725 * 0.4521 mmol/L). A more
pronounced difference was observed in serum creatinine, which was significantly higher in the dialysis
cohort (1161.65 = 210.2 pmol/L) versus the non-dialysis cohort (243.188 £ 26.3087 pmol/L). Analysis of
serum electrolytes and minerals indicated that mean calcium, sodium, and phosphorus levels were
marginally higher in the non-dialysis group. In contrast, mean potassium levels were substantially more
elevated in the dialysis group (1.5672 + 0.2409 mmol/L) compared to the non-dialysis group (1.3876 *
0.0611 mmol/L). The correlation of Creatinine and Calcium was statistically significant in both study
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groups (p = 0.000, p = 0.018) respectively, while the correlation of blood pressure, Urea, K, Na, and P in
both groups was statistically not significant (p = 0.214, p = 0.373, p = 0.472, p = 0.711, p = 0.711, p =
0.078) respectively, as shown in (Table 4).

Table S summarizes the mean serum biochemical concentrations and estimated glomerular filtration rate
(e-GFR) for the non-dialysis CKD patients’ group and dialysis patients’ group. The mean uric acid level was
observed to be 496.524 £ 199.611 umol/L in non-dialysis patients and 418.222 £ 77.1617 umol/L in the
dialysis cohort. Fasting blood sugar (FBS) levels averaged 8.9446 + 4.5501 mmol/L in the non-dialysis
group and 7.9648 = 4.4004 mmol/L in the dialysis group. Finally, the mean e-GFR values were 37.94 +
17.23 mL/min/1.73m? for non-dialysis patients and 14.93 + 41.59 mL/min/1.73m? for dialysis patients.
Analysis of the data presented in (Table 6) reveals statistically significant differences between the non-
dialysis patients group and dialysis patients group for several key biomarkers. Specifically, significant
correlations were observed for serum uric acid (p = 0.012). Furthermore, a highly significant difference was
found in e-GFR between the two groups (p = 0.001). In contrast, the correlations for serum biochemical
markers of fasting blood sugar (BS), did not reach statistical significance. (Table 7) presents the
distribution of non-dialysis patients according to their disease stage. The largest proportion of patients
(63.26%) was classified as having Stage 3 CKD, which is characterized by an estimated glomerular
filtration rate (e-GFR) between 30 and 60 mL/min/1.73m?. A smaller percentage of patients (26.48%) were
in Stage 4. This distribution is likely attributable to the inclusion criteria, which specified the group of pre-
dialysis CKD patients

Table 1. The frequency distribution of gender (Non-dialysis and Dialysis patients) (n=294)

Non-dialysis Non-dialysis Dialysis . . . o
Gender patients (N) patients % patients (N) Dialysis patients %
Male 75 51 60 40.82
Female 72 49 87 59.18

Table 2: The frequency distribution of Age and weight (Non-dialysis and Dialysis

patients)

Participant groups Age Weight
Mean 59.2857 82.0204

Non-dialysis patients N 147 147
SD+ 13.07032 11.67528
Mean 49.9796 69.3061

Dialysis patients N 147 147
SD+ 13.94407 15.69263
Mean 54.6327 75.6633

Total N 294 294
SD+ 14.23470 15.17047

Table 3. Comparison of the mean of blood pressure, kidney function, and electrolytes among non-
dialysis and dialysis patients

Variables Patients groups N MEAN SD+

Non-dialysis Systolic 147 135.0000 2.79699

Blood Pressure patients Diastolic 147 88.000 2.89323

Dialysis patients Systolic 147 130.0000 2.85714

Diastolic 147 75.000 2.93201

Urea Non-dialysis patients 147 11.8823 0.6516
mmol/L Dialysis patients 147 11.1725 0.4521

Creatinine Non-dialysis Patients 147 243.188 26.3087
umol/L Dialysis patients 147 1161.65 210.2
Ca Non-dialysis Patients 147 2.1956 0.0501
mmol/1 Dialysis patients 147 2.0427 0.0381
K Non-dialysis Patients 147 1.3876 0.0611
mmol/1 Dialysis patients 147 1.5672 0.2409
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Na Non-dialysis Patients 147 139.4694 0.7262
mmol/L Dialysis patients 147 139.1224 0.588

P Non-dialysis Patients 147 1.8794 0.3914

mmol/L Dialysis patients 147 1.71 0.5394

test values in non-dialysis and dialysis patients.

Table 4: Correlation of blood pressure, urea, creatinine, and electrolytes of serum biochemical

The variable t value d.f p-value
Blood Pressure 1.251 294 0.214
Urea 0.895 294 0.373
Creatinine 4.336 294 0.000
Ca 2.413 294 0.018
K 0.723 294 0.472
Na 0.371 294 0.711
P 1.799 294 0.078

Table :5 Comparison of mean values of Uric acid, and BS serum biochemical concentration, and e-

GFR in Non-dialysis and dialysis patients.

Variable Stages N Mean SD+
Uric acid Non-dialysis patients 147 496.524 199.611
umol/L Dialysis patients 147 418.222 77.1617
BS Non-dialysis patients 147 8.9446 4.5501
mmol/L Dialysis patients 147 7.9648 4.4004
e-GFR Non-dialysis patients 147 37.9398 17.2362
mL/min/1.73m? Dialysis patients 147 14.9339 6.5914

Table 6: correlations of Uric acid and BS of serum biochemical tests values and e-GFR stages

among non-dialysis and dialysis patients.

Variable t-value d.f p-value
Uric Acid 2.561 294 0.012
BS 1.083 294 0.281
e-GFR 3.577 294 0.001

Table 7: Stages of kidney disease according to "e-GFR” in the Non-dialysis patient group.

e-GFR STAGES Frequency % Mean
Stage 1 3 2.04 107.3
Stage 2 12 8.16 66.2
Stage 3 93 63.26 86.8
Stage 4 39 26.48 35.9

Discussion

The present study involved 294 participants, divided into two groups: the renal dialysis patients group
included 147 patients, and the non-dialysis patients group included 147 patients. The non-dialysis
Patients group had a mean age of 59.2857, while the dialysis patients group had a mean age of 49.9796.
These findings align with previous studies showing that most people affected by CKD are aged 40 to 60
years [16,22]. The present study showed a slight elevation in blood pressure levels in both non-dialysis
and dialysis patients. The blood pressure in non-dialysis patients was higher than in dialysis patients;
however, the difference between the two study groups was not significant. In fact, Hypertension often
targets the kidneys, and prolonged exposure to high blood pressure can contribute to early kidney damage
[23]. It has been confirmed that 85% of hemodialysis patients suffer from hypertension [24]. In addition, a
previous study showed that systolic blood pressure is strongly linked with cardiovascular mortality in
dialysis patients [25].

Although the urea and creatinine mean values were higher than the normal range in both population
samples, the urea mean value in the current research was lower in dialysis patients than in non-dialysis
patients. This finding is consistent with previously reported studies, which have concluded that
hemodialysis significantly reduced the urea and creatinine levels in patients with kidney failure, but these
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constituents after dialysis are still elevated relative to those of the healthy group [16,26,27,28]. On the
other hand, the mean value of creatinine was significantly higher in dialysis patients than in non-dialysis
patients in the current study. The elevated creatinine levels in dialysis patients in this study can be
attributed to several factors: First, creatinine production primarily reflects lean muscle mass. Second,
consuming cooked meat can raise serum creatinine levels, as cooking converts the creatine in meat to
creatinine. Third, Certain medications, particularly the psychoactive phenacemide, can increase the rate of
creatinine production [29].

Regarding uric acid, it has been confirmed that glomerular filtration rate decline leads to hyperuricemia
[30,31]. The present study indicated a significant reduction in uric acid levels in dialysis patients
compared to non-dialysis patients. This finding agrees with a previous study, which established that the
level of uric acid in dialysis patients decreases after dialysis [32]. On the other hand, some studies have
revealed that the level of serum uric acid increases to above normal values after dialysis. This is attributed
to ischemic episodes during dialysis [33]. Additionally, a prior study showed an increased prevalence of
hyperuricemia as the duration of dialysis treatment increases [34]. Many earlier studies confirmed that
serum potassium levels after dialysis were lower than before dialysis [35,36]. However, these findings are
inconsistent with ours, which revealed that the mean potassium value was higher in dialysis patients
compared to non-dialysis patients. The high potassium levels in dialysis patients may be a result of their
dietary habits. In the same context, the present study showed no significant difference in serum sodium
concentration between dialysis patients and non-dialysis patients, with levels remaining within the normal
range for both study groups. Previous studies, on the other hand, reported a significant difference in
serum sodium concentration before and after dialysis [16,37]. Additionally, many studies observed that
higher serum sodium levels in post-dialysis patients compared to pre-dialysis patients [35,38]. The
discrepancy between the prior studies and our results likely stems from the influence of intradialytic
dietary salt intake and intradialytic sodium removal on serum sodium level [39].

In terms of mineral parameters, a strong connection has been confirmed between serum phosphorus
levels and an increased risk of CKD progression [40]. A previous study has shown that standard dialysis
treatments cannot eliminate all ingested phosphorus, especially from a protein-rich diet designed to avoid
malnutrition [41]. Furthermore, a prior study has indicated that higher phosphorus levels were observed
in patients with a longer history of dialysis treatment [42].

The current study, on the other hand, has established that serum phosphorus concentrations are elevated
in both dialysis and non-dialysis patient groups, and the level of phosphorus was slightly higher in non-
dialysis patients relative to dialysis patients. An Interesting observation was recorded in the present study
regarding the serum calcium level;, we found a significant difference in serum calcium concentration
between the two study groups. The serum calcium level was within the normal range in non-dialysis
patients, but was lower than the normal level in CKD patients undergoing dialysis. These results align
with previous research, which has reported that serum calcium levels remain within the normal range in
patients with CKD until very late stages of CKD, whereupon a slight decline often occurs [43]. Also, our
findings are supported by earlier research, which has shown that low calcium levels are highly probable to
occur after starting dialysis treatment [44]. In contrast, another study indicated that patients with chronic
kidney disease initially present with low serum calcium levels. However, after starting dialysis, their serum
calcium levels often rise.

This elevation is typically attributed to many factors, such as vitamin D therapy, the use of calcium-based
phosphate binders, and the calcium content within the dialysate fluid [45]. The present study reported an
increase in fasting blood sugar levels above the normal range in both study groups. This finding is
supported by numerous studies that have demonstrated a significant reduction in insulin sensitivity in
individuals with CKD [46]. However, a slight decrease in fasting blood sugar was observed in the current
study in dialysis patients compared to non-dialysis patients. This finding can be explained by the complete
normalization of insulin sensitivity after dialysis treatment [47]. In contrast, another opposing study
suggested that dialysis treatment led to a significant impairment of insulin sensitivity [48]. In terms of
GFR, the current study demonstrated a sharp decrease in GFR in both study groups, particularly among
dialysis patients. This is expected, as patients on dialysis are typically in stage 4 of CKD. Although a rapid
decline in GFR is a key indicator of underlying kidney disease and propensity to progress to end-stage
kidney disease [49], there is no single estimated glomerular filtration rate (e-GFR) that is recommended for
starting dialysis; the decision on when to start dialysis should be made collaboratively by the patient and
their clinician [50].

Conclusion
This study showed a significant improvement in uric acid levels in CKD patients undergoing dialysis.
Additionally, a marginal positive effect was observed on the other biomarkers, including hypertension,
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urea, phosphorus, and glucose levels. However, the dialysis treatment failed to correct other important
parameters, namely creatinine, potassium, and calcium. Although dialysis is the most effective method for
removing accumulated toxins from the body, the process itself can complicate the patient's condition due
to its side effects. The success of waste removal in dialysis is influenced by the patients' dietary habits,
patient education, the correct timing of dialysis, and the selection of a suitable dialyzer. Currently, dialysis
is sometimes used for even minor, treatable kidney issues. Therefore, the consequences of undergoing
dialysis should be clearly communicated to both the physicians and the patients. There is an urgent need
to educate CKD patients about the facts of their disease, medications, dietary habits, and the various
measures required to manage the condition and lead a productive life. Enhancing dialysis efficiency may
lead to a better quality of life for CKD patients, decrease complications, and reduce healthcare costs.
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