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ABSTRACT

Background: Excess body weight is reported as a risk factor for renal impairment. Chronic kidney disease has become a cause of mortality with an increase in 95% over a few decades. Evaluating renal function indices in young adult populations is essential for the identification of obesity-related kidney dysfunction. Data on obesity related dysfunction in relationship to renal function among university students are scarce, limiting risk identification and preventive measures
 Aim:  The study was aimed at evaluating some renal function indices of overweight and obese students of Joseph Ayo Babalola University.
Methods: This was a cross-sectional observational study. A total of 92 apparently healthy students were recruited for the study. Anthropometric measurements were obtained using a stadiometer and weighing scale to obtain body mass index (BMI), while venous blood were collected from the antecubital vein into appropriate blood collection tubes for electrolytes analysis by ion-selective electrode (ISE); creatinine, by Jaffe’s method; urea, by Berthelot method; and uric acid by the uricase–PAP method and glucose by glucose oxidase method. Data were analyzed using analysis of variance (ANOVA) and Pearson’s correlation, with statistical significance set at p < 0.05.
Result: ANOVA revealed significant differences in BMI across underweight, normal weight, overweight, and obese categories (p < .05), whereas mean values of renal parameters and fasting blood glucose did not differ significantly between groups. Pearson’s correlation analysis showed no significant association between BMI and renal parameters among underweight participants. In normal-weight subjects, BMI was positively associated with uric acid levels (r = 0.4476), while a negative association was observed between BMI and chloride levels in overweight subjects (r = - 0.4818). No significant association between BMI and renal parameters was found in obese subjects. Overall, the findings suggest that the study population was not at increased risk of metabolic disorders.
Conclusion: There were no significant differences in renal function indices among overweight and obese students, indicating that variations in body weight in these apparently healthy individuals were not associated with impairment of renal excretory function.






INTRODUCTION
The global rise in overweight and obesity constitutes one of the most significant public health challenges of the 21st century, with increasing prevalence observed not only among middle-aged populations but also among young adults (WHO, 2024a; Koliaki et al., 2023). The future trajectory is equally alarming, if current trends persist, over half of the world's population will be overweight or obese by 2035. The causes of this global rise in obesity are multifactorial and complex (Ahmed and Mohammed, 2025a). Fundamentally, obesity develops from a chronic imbalance between energy intake and energy expenditure (Das and Khaled, 2024). 
Over the last two decades, CKD has become a prominent cause of death globally. In a recently released report from the World Health Organization (WHO), CKD is now the 9th leading cause of death, rising from 19th in the past, with the number of deaths increasing by an astounding 95% between 2000 and 2021(WHO, 2024b). Beyond their established roles in the pathogenesis of cardiovascular disease and type 2 diabetes mellitus, excess adiposity has been increasingly implicated in the early initiation and progression of renal dysfunction (Wang et al., 2022). Obesity-related renal alterations may occur independently of overt metabolic disease, rendering early detection particularly critical (Avgoustou et al., 2025). Renal physiology is highly sensitive to changes in metabolic and haemodynamic status (Yenanegy et al., 2025). 
Excess body weight is associated with complex pathophysiological mechanisms that adversely affect renal structure and function, including glomerular hyperfiltration, activation of the renin–angiotensin–aldosterone system, insulin resistance, chronic low-grade inflammation, oxidative stress, and dysregulated adipokine signaling (Avgoustou  et al., 2025; Jiang et al.,2023; Felizardo et al., 2014). These processes contribute to alterations in key renal function indices such as serum creatinine, urea, uric acid, and electrolyte balance, which may precede clinically apparent kidney disease. In the absence of timely identification and intervention, such subclinical changes can progress to chronic kidney disease, even in relatively young individuals.
University students represent a particularly vulnerable yet understudied population with respect to obesity-related renal risk (Seyam, 2025). Transitioning into adulthood is often accompanied by significant lifestyle changes, including reduced physical activity, unhealthy dietary patterns, psychosocial stress, and disrupted sleep cycles. Despite being perceived as a generally healthy demographic, students may harbor early metabolic and renal alterations that remain undetected due to limited routine screening and low health-seeking behavior.
In Nigeria, existing research on the renal consequences of overweight and obesity has predominantly focused on older or clinically diagnosed populations, with limited attention given to young adults in academic settings. This lack of data represents a critical knowledge gap, particularly considering the rising burden of obesity among Nigerian youths and the long-term implications for renal and metabolic health.
Therefore, this study seeks to evaluate renal function indices among overweight and obese students of Joseph Ayo Babalola University, Ikeji-Arakeji, Osun State. By elucidating early renal alterations associated with excess body weight in this population, the study aims to contribute robust baseline evidence that may inform early preventive strategies, targeted health interventions, and future longitudinal research on obesity-related renal dysfunction in young adults


2.0 MATERIAL AND MWTHODS

2.1   Study Area
The study was conducted within Joseph Ayo Babalola University (JABU) Located in Ikeji -Arakeji, Osun State, Nigeria. Department of Medical Laboratory Sciences and the department of nursing science served as the primary setting for this study. The study was conducted in 2025. 

2.2   Study Design
This was a cross-sectional study involving 92 Joseph Ayo Babalola University Students. Data was collected through anthropometric measurements were obtained to calculate body mass index (BMI), which was used to categorize participants into four groups: underweight (<18.5 kg/m²), normal weight (18.5–24.9 kg/m²), overweight (25–29.9 kg/m²), and obese (≥30.0 kg/m²). Of the 92 participants analyzed, 25 were underweight, 35 were normal weight, 23 were overweight, and 9 were obese. Blood samples were subsequently collected from all participants for the assessment of renal function parameters, glucose and uric acid.

2.3 Inclusion Criteria
Participants included healthy students of Joseph Ayo Babalola University between the age of 14-25, provided with written informed consent to participate in the study.
2.4 Exclusion Criteria
Participants were excluded if they were younger than 14 years or older than 25 years, had a history of chronic diseases such as liver or renal disorders, or were currently receiving antihypertensive or antidiabetic medications.
2.5 Sample Collection
Venous blood samples were collected from each participant by trained Medical laboratory scientist from the department of medical laboratory sciences, Joseph Ayo Babalola University. The antecubital fossa was cleaned with 70% alcohol and allowed to air dry. Using a sterile disposable syringe and needle, approximately 5ml of venous blood was drawn and dispensed into appropriate labelled tubes. The samples were transported to the laboratory immediately after collection and centrifuged at 3500rpm for 5minutes. All analyses were performed promptly or stored at appropriate temperature until analyses.

2.6 Laboratory Investigations
2.6.1 Electrolytes (Potassium, Sodium, Bicarbonate, Chloride) Estimation.
The plasma sample was loaded into the ion selective electrode analyzer which was aspirated in small volume and direct into the appropriate electrode. The electrode membrane selectively interacts with the target ions; the generated potential is converted into a concentration via the galvanometer. Each electrolyte concentration was displayed and recorded. The measured parameters were interpreted using adult reference range. Normal reference range were defined as follows; sodium (135-145mmol/L), potassium (3.5-5.0 mmol/L), chloride (98-106 mmol/L), and bicarbonate (22-28mmol/L).
2.6.2 Urea Estimation
Urea was determined by Berthelot’s method as described by Weatherburn (1967). 10 microliter of sample, standard, and distilled water was pipette into test tube, then 1000 microliter of urea reagent 1 was added into the test tubes and 100 microliter of reagent 2 was added also into the test tubes, it was mixed and incubated for 5minute at 37oC. 1000 microliter of reagent 3 was added into the test tubes. It was well mixed and incubated for 5minutes at 37oC. The absorbance of the sample was measured against reagent blank at 578nm wavelength. Serum urea concentration was interpreted using a reference range 2.5-7.8 mmol/L.

2.6.3 Creatinine Estimation
Plasma creatinine concentration was estimated using Jaffe’s method as described by Bonsnes (1945). 100 microliter of sample, standard and distilled water was pipette into test tube, then 1000 microliter of creatinine working reagent was added into the test tubes. It was mixed and the stop watch was set for 30seconds to take the first absorbance reading (A1) of the samples. After the first absorbance reading, the stop watch was reset for 90seconds to take the second absorbance reading (A2) of the sample addition. Serum urea concentration was interpreted using a reference range 64-104 umol/L.

 

2.6.4   Serum Uric Acid Estimation
Plasma uric acid concentration was estimated using uricase - pap method (Fossati et al., 1980). 20 microliter of sample, standard and distilled water was pipette into test tube, and then 1000 microliter of uric acid reagent was added into each tube. It was mixed and incubated for 5minute at 37oC. The absorbance of the samples was measured spectrophotometrically against reagent blank at 520nm wavelength. Serum urea concentration was interpreted using a reference range 0.20-0.42 mmol/L.


[bookmark: _Toc377235055]2.6.5 Glucose Estimation
Glucose concentration was estimated using accu-check active glucose meter, manufactured by Roche Diabetes Care India Private Limited. Fasting blood glucose levels were interpreted according to standard criteria, with normal fasting glucose defined as 3.5-5.5 mmol/L
2.7	Statistical Analysis
Data were analyzed using Graph Pad Prism version 9.0.2 (California, USA). Descriptive and inferential statistics were used for the analysis of the data. The descriptive statistics used were mean and standard deviation while the inferential statistics used were the student’s t-test, one-way analysis of variance (ANOVA) and Pearson’s correlation. Post hoc analyses following ANOVA between the normal weight, overweight, and obese groups were performed using the Tukey’s multiple test. Statistical significance was set at p < .05. 
Ethical Approval
Ethical approval was obtained from the research ethical committee, Joseph Ayo Babalola University, Osun State, Nigeria.




3.0 RESULTS

3.1 ANOVA Results of BMI, Kidney Function Parameters, Uric Acid, Fasting Blood Sugar in Under, Normo-, Over- and Obese (Weight) Subjects
There was no significant difference in age among the BMI groups (p > 0.05), indicating adequate age matching. BMI differed significantly across underweight, normal weight, overweight, and obese groups (p < 0.0001), confirming proper group classification. Serum electrolytes (Na⁺, K⁺, Cl⁻, HCO₃⁻), renal function indices (urea, creatinine, and uric acid), and fasting blood glucose showed no statistically significant differences across BMI categories (p > 0.05) (Table 1)
Table 1: ANOVA Results (Mean±SD) of Electrolyte, Urea, Creatinine, Uric Acid, FBS, and BMI in Under, Normo-, Over- and Obese (Weight) Subjects of JABU
	Parameters 
	Underweight
(n=25)
	Normal Weight
(n=35)
	Overweight
(n=23)
	Obese
(n=9)
	P value
	Remark 

	Age (years)
	22.91±11.89
	20.68±9.33
	20.36±1.89
	22.11±1.62
	0.4841
	NS

	BMI ( kg/m2)
	17.71±2.42a
	21.38±1.62b
	27.29±1.44c
	33.43±3.02d
	<0.0001
	S

	Na+ (mmol/L)
	139.6±2.47
	139.0±3.29
	138.3±3.37
	139.9±2.42
	0.4143
	NS

	K+ (mmol/L)
	3.79±0.378
	3.85±0.39
	3.97±0.37
	3.91±0.29
	0.4223
	NS

	Cl-  (mmol/L)
	98.76±3.91
	97.83±3.88
	96.91±3.81
	98.78±3.86
	0.3723
	NS

	HCO-3 (mmol/L)
	22.84±1.31
	23.60±2.03
	23.0±2.17
	23.89±2.03
	0.2973
	NS

	Urea (mmol/L)
	4.66±2.01
	5.39±3.44
	5.79±3.87
	4.33±2.37
	0.5056
	NS

	Creatinine (µmol/L)
	71.56±16.93
	77.63±27.42
	74.09±23.66
	67.33±9.87
	0.5850
	NS

	Uric Acid (mmol/L)
	0.33±0.06
	0.32±0.05
	0.31±0.06
	0.33±0.04
	0.4769
	NS

	FBS (mg/dL)
	80.29±5.93
	81.32±8.06
	82.0±7.34
	87.33±9.94
	0.1163
	NS


Keys: Na+ = Sodium, K+ = Potassium, Cl- = Chloride, HCO3 = Bicarbonate, Acid, BMI = Body Mass Index, FBS = Fasting Blood Sugar, NS=Not Significant, S=Significant.  Post hoc (Tukey’s Test): Values in the same row with different superscripts differ significantly at p < .05.
3.2: Results of Correlation of BMI against Renal Function Parameters, Uric Acid and Fasting Blood Sugar of Underweight Subjects

Pearson correlation analysis showed no significant associations between BMI and electrolytes, urea, creatinine fasting blood glucose, or age (p > 0.05) in the underweight Subjects (Table 2).

Table 2: Results of Correlation of BMI against Electrolytes, Urea, Creatinine, Uric Acid, Age, and Fasting Blood Sugar of Underweight Subjects of JABU
	Pearson Correlation
	BMI 
to
Na+
	BMI 
to
K+
	BMI 
to
Cl-
	BMI 
to
HCO-3
	BMI 
to
Urea
	BMI 
to
CRT
	BMI 
to
UA
	BMI 
to
FBS
	BMI 
to
Age

	R
	0.3569
	-0.2398
	0.3625
	0.1039
	0.0819
	0.3135
	0.005
	-0.1673
	-0.1489

	P (two-tailed)
	0.0869
	0.2590
	0.0817
	0.6291
	0.7035
	0.1358
	0.9798
	0.4346
	0.4976

	Significant
	No
	No
	No
	No
	No
	No
	No
	No
	No


Keys: Na+ = Sodium, K+ = Potassium, Cl- = Chloride, HCO3 = Bicarbonate, CRT=Creatinine, UA= Uric Acid, BMI = Body Mass Index, FBS = Fasting Blood sugar. BMI classification: Underweight = <18.5, Normal weight = 18.5-24, Overweight = 25-30, Obese = >30 




3.3 Results of Correlation of BMI against Renal Function Parameters, Urea Acid, and Fasting Blood Sugar of Normal-weight Subjects

Pearson correlation analysis showed no significant associations between BMI and Na⁺, K⁺, Cl⁻, HCO-3, urea, FBS, and age (p > 0.05). A significant positive correlation was observed between BMI and creatinine (r = 0.448, p = 0.0079) in the normal-weight subjects.
Table 3: Results of Correlation of BMI against Electrolytes, Urea, CRT, UA, Age, and Fasting Blood Sugar of Normal-weight Subjects of JABU
	Pearson Correlation
	BMI 
to
Na+
	BMI 
to
K+
	BMI 
too 
Cl-
	BMI 
to
HCO-3
	BMI 
to
UREA
	BMI 
to
CRT
	BMI 
to
UA
	BMI 
to
FBS
	BMI 
to
Age

	R
	-0.3269
	0.1037
	-0.2723
	-0.2430
	0.1860
	0.1151
	0.4476
	0.0551
	0.1877

	P (two-tailed)
	0.0592
	0.5594
	0.1192
	0.1662
	0.2922
	0.5170
	0.0079
	0.7566
	0.2879

	Significant
	No
	No
	No
	No
	No
	No
	Yes
	No
	No


Keys: Na+ = Sodium, K+ = Potassium, Cl- = Chloride, HCO3 = Bicarbonate, CRT=Creatinine, UA= Uric Acid, BMI = Body Mass Index, FBS = Fasting Blood sugar.  BMI classification: Underweight = <18.5, Normal weight = 18.5-24, Overweight = 25-30, Obese = >30 


3.4 Results of Correlation of BMI against Renal Function Parameters, Uric Acid, and Fasting Blood Sugar of Overweight Subjects

Pearson correlation analysis showed no significant associations between BMI and electrolytes, urea, creatinine, fasting blood glucose, or age (p > 0.05) in the underweight Subjects (Table 4).


Table 4: Results of Correlation of BMI against Electrolytes, Urea, Creatinine, Uric Acid, and Fasting Blood Sugar of Overweight Subjects of JABU
	Pearson Correlation
	BMI 
to
Na+
	BMI 
to
K+
	BMI 
to
Cl-
	BMI 
to
HCO-3
	BMI 
to
UREA
	BMI 
to
UA
	BMI 
to
FBS
	BMI 
to
Age

	R
	-0.2434
	0.1695
	-0.4818
	-0.2433
	0.1324
	-0.09770
	0.O641
	-0.1430

	P (two-tailed)
	0.2750
	0.4509
	0.0232
	0.2752
	0.5571
	0.6653
	0.7971
	0.5255

	Significant
	No
	No
	Yes
	No
	No
	No
	No
	No


Keys: Na+ = Sodium, K+ = Potassium, Cl- = Chloride, HCO-3 = Bicarbonate, CRT=Creatinine, UA= Uric Acid, BMI = Body Mass Index, FBS = Fasting Blood sugar. BMI classification: BMI classification: Underweight = <18.5, Normal weight = 18.5-24, Overweight = 25-30, Obese = >30 



3.5: Results of Correlation of BMI against Renal Function Parameters, Uric Acid and Fasting Blood Sugar of Obese Subjects

Pearson correlation analysis showed no significant associations between BMI and electrolytes, urea, creatinine fasting blood glucose, or age (p > 0.05) in the underweight Subjects (Table 5).

Table 5: Results of Correlation of BMI against Electrolytes, Urea, CRT, UA, Age, and Fasting Blood Sugar of Obese Subjects of JABU 
	Pearson Correlation
	BMI 
to
Na+
	BMI 
to
K+
	BMI 
to
Cl-
	BMI 
to
HCO-3
	BMI 
to
UREA
	BMI 
to
CRT
	BMI 
to
UA
	BMI 
to
FBS
	BMI 
to
Age

	R
	0.5541
	0.2208
	0.4961
	-0.2625
	0.2184
	-0.3184
	0.1048
	0.0874
	0.3780

	P (two-tailed)
	0.1216
	0.5680
	0.1744
	0.4950
	0.5725
	0.4037
	0.7884
	0.8231
	0.3158

	Significant
	No
	No
	No
	No
	No
	No
	No
	No
	No


Keys: Na+ = Sodium, K+ = Potassium, Cl- = Chloride, HCO-3 = Bicarbonate, CRT=Creatinine, UA= Uric Acid, BMI = Body Mass Index, FBS = Fasting Blood sugar. BMI classification: BMI classification: Underweight = <18.5, Normal weight = 18.5-24, Overweight = 25-30, Obese = >30 





4.0 DISCUSSION
In this study, serum electrolytes, including sodium (Na⁺), potassium (K⁺), chloride (Cl⁻), and bicarbonate (HCO₃⁻), did not differ significantly between underweight, normal weight, over weight and obese groups of Joseph Ayo Babalola University. The stability of serum sodium indicates preserved extracellular fluid balance and effective renal sodium across underweight, normal weight, over weight and obese. Sodium homeostasis is tightly regulated by renal mechanisms, including the renin–angiotensin–aldosterone system (RAAS) and antidiuretic hormone (Bernal et al., 2023; Fountain et al., 2023). On the contrary, Ahmed et al. (2025) reported hypernatraemia in obese female students at Taibah University, Madinah, Saudi Arabia, also, Ikegwuonu et al. (2023), reported significant elevated serum sodium in overweight an obese adults. Consistent with previous studies, obesity-related sodium retention is often subclinical and more likely reflected by blood pressure changes or volume expansion rather than alterations in serum sodium levels (Parvanova et al., 2023; Hall et al., 2015).
Similarly, potassium regulation, mediated by renal excretion and transcellular shifts under the influence of insulin, catecholamines, and aldosterone, remained stable despite variations in body weight, consistent with prior studies showing minimal changes in serum K⁺ in healthy overweight and obese populations (Hall et al., 2015). On the contrary, Ahmed et al. (2025) hypokalamia in a greater percent of his study population likewise Ikegwuonu et al. (2023) who reported significanltly reduced potassium level compared to normal weight
Chloride, the main extracellular anion (Berend et al., 2012), and bicarbonate, a key component of the acid–base buffering system (Hopkins et al., 2022), also showed no significant differences across BMI groups. These findings suggest that increased adiposity does not substantially impair acid–base balance or extracellular anion regulation in healthy adults. Previous studies have similarly reported stable Cl⁻ and HCO₃⁻ levels across BMI categories, attributing this to effective renal compensation and subclinical nature of obesity-related electrolyte alterations (Hall et al., 2015). The chloride and bicarcarboinate results tallied with Ikegwuonu et al. (2023) report. Although obesity has been associated with low-grade inflammation, RAAS activation, and subtle renal hemodynamic changes, these are often insufficient to produce measurable serum electrolyte disturbances in the absence of overt renal or metabolic disease. 
Serum urea, a key marker of renal nitrogen excretion, also showed no significant differences across BMI categories. This suggests that nitrogen is preserved in apparently healthy adults despite variations in body mass. While obesity has been associated with subtle renal changes such as hyperfiltration and low-grade inflammation, these alterations are often subclinical and insufficient to affect serum urea levels in the absence of overt kidney disease (Mascali et al., 2022; Hall et al., 2015). These findings are consistent with previous studies (Gul, et al., 2020) while other studies have reporting minimal variation in serum electrolytes and urea across BMI groups in healthy populations. 
Creatinine is a key marker of renal function, reflecting glomerular filtration and muscle metabolism (Ávila et al., 2025). Its concentration is influenced by muscle mass, protein intake, and renal clearance (Guyton & Hall, 2021). However, Singh Ray et al. (2020) reported significantly raised creatinine in apparently healthy overweight and obese adults. Despite variations in body mass, the lack of significant differences in creatinine suggests that kidney function is largely maintained in apparently healthy adults, and BMI alone does not appear to compromise renal filtration in this population.
These findings are consistent with previous studies reporting no variation in serum creatinine across BMI categories in healthy individuals (Gul, et al., 2020; Salman et al., 2019) Furthermore, serum creatinine may lack sensitivity for detecting early renal impairment in overweight and obese populations. However, Alaje et al. (2019) and Singh Ray et al., (2020) reported significantly raised creatinine in apparently healthy overweight and obese adults.
Serum uric acid levels did not differ significantly across BMI categories. Uric acid is the end-product of purine metabolism and is primarily excreted by the kidneys (So, 2010). Its serum concentration reflects the balance between production and renal clearance (Bobulescu et al., 2012). The lack of significant differences in uric acid suggests that, in apparently healthy adults, increased body mass does not substantially impair renal uric acid excretion or alter purine metabolism. Although obesity is often associated with hyperuricemia due to increased production and reduced renal clearance, such changes are typically observed in individuals with comorbid conditions such as hypertension, insulin resistance, or chronic kidney disease, which were not present in this cohort. However, Dalili et al. (2024) reported hyperuricaemia in their study.
Fasting blood sugar levels did not differ significantly across BMI categories. The absence of significant differences across BMI groups suggests that, in this healthy population, increased adiposity has not yet led to measurable alterations in fasting glucose levels. These findings are consistent with other studies reporting stable fasting glucose levels across BMI categories in non-diabetic populations (Gul et al. 2020).
In our correlation analysis, BMI was positively correlated with uric acid in the overweight students and negatively correlated with chloride in the normal weight students. Contrary to these findings, BMI was positively correlated with creatinine in obese subjects (Meherubin et al., 2021). Ahmed and Mohammedsaeed, (2025b) reported the levels of Na+ exhibit a positive correlation with BMI whereas the levels of K+ demonstrate a negative correlation. Li et al., (2021) BMI was positively correlated with uric acid.



CONCLUSION
This study demonstrated no significant differences in renal function indices among underweight, normal weight, overweight, and obese university students, indicating preserved renal and excretory function. Correlation analysis shows a moderate positive correlation between body mass index and serum uric acid among normal weight participant. There were no significant differences in renal function indices among overweight and obese students, indicating that variations in body weight in these apparently healthy individuals were not associated with impairment of renal excretory function. Overall these findings suggest that variations in body mass may be associated with isolated moderate alterations in specific biochemical parameters, excess body weight in this young adult population was not associated with clinically meaningful renal dysfunction.



LIMITATION
This study was conducted in a single university setting with a relatively modest sample size, which limited the generalizability of the findings to a broader population. Lipid parameters were not also assessed, however, a comprehensive assessment with a larger population using additional markers, such as the estimated glomerular filtration rate (eGFR) and lipid profile assessment would provide a more sensitive evaluation of renal function in individuals with varying body weight.
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