Gender and Age Variations in Biomarkers of Diabetic Nephrotoxicity in a Nigerian Teaching Hospital: KIM-1, Cystatin C, and Microalbuminuria

Abstract
Background: Early detection of diabetic nephropathy (DN) is crucial for preventing its progression to chronic kidney disease. While biomarkers like Kidney Injury Molecule-1 (KIM-1), Cystatin C, and microalbuminuria aid in identifying renal injury, gender- and age-related variations are poorly characterized in Nigerian populations. Objective: To investigate the influence of gender and age on the levels of KIM-1, Cystatin C, and microalbuminuria in diabetic patients attending a Nigerian teaching hospital. Methods: This was a cross-sectional study involving diabetic adults. Blood and urine samples were analyzed for KIM-1, Cystatin C, and microalbuminuria using ELISA and immunoturbidimetric methods. Participants were stratified by gender and by age groups (26–35, 36–45, 46–55, 56–65, 66–75 years). Data were analyzed using descriptive statistics, ANOVA, and correlation analyses. Results: Older participants exhibited significantly higher levels of KIM-1, Cystatin C, and microalbuminuria (p<0.05). Males had higher KIM-1 and Cystatin C levels than females, suggesting a greater tubular damage burden. Microalbuminuria was consistently elevated across both genders. Age positively correlated with all biomarkers, indicating increased renal vulnerability with advancing age. Significant correlations were observed between the early biomarkers and traditional renal parameters, confirming their utility in detecting subclinical injury. Conclusion: Gender and age significantly influence biomarkers of diabetic nephrotoxicity. The elevation of KIM-1 and Cystatin C was pronounced among older males. These findings support targeted, biomarker-based screening to improve the early identification of diabetic kidney injury and enable timely intervention.
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Introduction
Diabetic nephropathy (DN) represents a principal cause of morbidity and mortality, contributing significantly to the global burden of chronic kidney disease (CKD) and end-stage renal disease (ESRD) [Alicic et al., 2017; Thomas et al., 2015]. The prompt and accurate identification of renal injury in individuals living with diabetes mellitus is paramount for preventing the irreversible progression of kidney structural damage. However, conventional diagnostic metrics, such as serum creatinine and estimated glomerular filtration rate (eGFR), often fail to detect renal dysfunction until a substantial degree of nephron mass has already been compromised [Alicic et al., 2017].
In response to this diagnostic limitation, novel biomarkers that signify subclinical renal damage have emerged as critical tools for improved risk stratification in diabetic populations. Specifically, Kidney Injury Molecule-1 (KIM-1), Cystatin C, and urinary microalbuminuria are widely investigated biomarkers that offer the potential for earlier detection of injury compared to traditional parameters [Vaidya et al., 2010]. Microalbuminuria has long been established as an indicator of glomerular damage [Gross et al., 2005], while KIM-1 reflects acute and chronic proximal renal tubular injury [Bonventre, 2014], and Cystatin C provides a sensitive measure of subtle changes in glomerular filtration [Shlipak et al., 2013].
The concentrations of these biomarkers and the trajectory of renal injury are hypothesized to be influenced by demographic variables, including age and sex. Physiological decline in GFR and the accumulation of comorbidities associated with advancing age are known to increase vulnerability to kidney damage [Sinclair et al., 2020]. Furthermore, sex differences, potentially mediated by hormonal profiles, genetic factors, and behavioral patterns, may differentially affect an individual's susceptibility to nephrotoxicity and their response to injury [Musso et al., 2016].
Despite the global significance of diabetic nephropathy, data characterizing these demographic variations in biomarker concentrations are limited, particularly within sub-Saharan African populations. The scarcity of region-specific reference ranges and established risk patterns hinders accurate clinical interpretation and the design of locally targeted interventional strategies [Azevedo & Alla, 2008].
Therefore, this cross-sectional study was undertaken to evaluate the influence of gender and age on the levels of KIM-1, Cystatin C, and microalbuminuria among diabetic patients attending a major teaching hospital in Port Harcourt, Nigeria. By comparing biomarker distributions across sex and age stratifications and assessing their associations with traditional clinical parameters, this work aims to provide actionable insights for guiding early diagnostic and screening strategies in the Niger Delta region for diabetic nephrotoxicity.




Materials and Methods
Study Design and Setting
This study employed an analytical cross-sectional design and was conducted at the Rivers State University Teaching Hospital (RSUTH) in Port Harcourt, Rivers State, Nigeria, between September and December 2024. Port Harcourt is situated along the Bonny River in the Niger Delta, at latitude 4.750oN and longitude 7.000oE, spanning an area of 369 Km2 [Demographia, 2016].
Study Population and Sample Size
The study population consisted of two groups: a test group comprising adult patients (aged $\geq 18$ years) with a laboratory-confirmed diagnosis of diabetes mellitus attending RSUTH, and a control group consisting of apparently healthy adult individuals randomly selected from within Port Harcourt. All participants were required to have resided in Port Harcourt for at least six months and provide informed consent. The minimum required sample size was calculated using Cochran’s formula based on an assumed prevalence rate of 3.7%.
Eligibility and Exclusion Criteria
Inclusion criteria for cases involved having a laboratory-confirmed diagnosis of diabetes mellitus, while controls were apparently healthy adults aged over 18 years. Participants in both groups were required to be residents of Port Harcourt for at least six months and willing to give consent. Exclusion criteria for both groups included known chronic kidney disease (Stages 3–5), urinary tract infection, pregnancy, and the use of nephrotoxic drugs within the three months preceding the study. Breastfeeding women and individuals with Human Immunodeficiency Virus (HIV) were also excluded.
Sampling Technique
Proportionate stratified random sampling was utilized to select participants. This technique ensured that various subgroups were adequately represented, allowing for precise estimates within each stratum while preserving internal validity and minimizing selection bias. Proportionate allocation was used to ensure the sample reflected the actual clinic population distribution.
Ethical Considerations and Data Collection
Ethical clearance for the study was obtained from the Rivers State Health Research Ethics Committee. Signed informed consent was secured from all participants prior to their enrolment. Data pertaining to demographic variables, medical histories, risk factors for diabetic kidney disease (DKD), and other clinical information were collected using a structured study questionnaire.



Laboratory Assays
Specimen Collection
Venous blood samples were collected from participants using standard venepuncture techniques. Three milliliters were collected into Tripotassium ethylenediaminetetraacetic acid (K3EDTA) vacutainer tubes for the analysis of glycated haemoglobin (HbA1c), and 2.5 milliliters were collected into plain tubes for serum analysis. Spot urine samples were collected into universal bottles for microalbuminuria assessment (albumin-to-creatinine ratio).
Biomarker Analysis
Serum samples obtained from the plain tubes were used to estimate Kidney Injury Molecule-1 (KIM-1) and Cystatin C (Cys-C) concentrations using Sandwich-Enzyme Linked Immunosorbent Assay (ELISA) kits. Analysis was performed using an Emp 201 microplate reader. HbA1c levels were estimated from whole blood (K3EDTA) using the fluorescence immunoassay method [Hicks] as specified by the Finecare machine
Routine Chemistry Analysis
Microalbuminuria levels were estimated using Combina 13 test strips and the combilyzer13 analyzer according to the manufacturer’s instructions. Fasting blood glucose, plasma creatinine, and plasma urea concentrations were measured using a Mindray Semi-Auto Chemistry Analyzer. Fasting blood glucose was measured by the enzymatic oxidation method [Barham & Trinder, 1972], plasma creatinine by the Jaffe’s Slot enzymatic oxidation method [Jaffe’s Slot, 1886], and plasma urea by the Urease Berthelot enzymatic reaction method [Armstrong, 1927]. Estimated glomerular filtration rate (eGFR) was calculated using an appropriate formula.
Data Analysis
Data analysis was conducted using GraphPad Prism software version 9.0.0 (121), San Diego, CA. Numerical data were presented as the Mean±Standard Deviation. Independent sample T-tests and one-way Analysis of Variance (ANOVA) were performed for the statistical comparison of means between the test and control groups, and across stratified age groups, respectively. Tukey’s multiple comparison (post hoc tests) was applied to identify specific significant differences among groups. Pearson’s correlation analysis was used to evaluate the association between the measured biomarkers and other clinical and biochemical parameters. A p-value of <0.05 was considered to be statistically significant at a 95% confidence interval.





Results and Discussion
[bookmark: _Hlk191029798]Table 1: Demographic Characteristics of the Studied Subjects
	Category
	
	Control

	Test
	Total

	
Gender
	Male
	30 (21.43%)
	30 (21.43%)
	60 (42.86%)

	
	Female
	40 (28.57%)
	40 (28.57%)
	80 (57.14%)

	Age (Years)
	26-35
	3 (2.14%)
	3(2.14%)
	6 (4.29%)

	
	36-45
	12 (8.57%)
	13 (9.29%)
	25 (17.86%)

	
	46-55
	23 (16.43%)
	24 (17.14%)
	47 (33.57%)

	
	56-65
	19 (13.57%)
	24 (17.14%)
	43 (30.71%)

	
	66-75
	13 (9.29%) 
	6 (4.29%)
	19 (13.57%)

	[bookmark: _Hlk190609663]Duration of DM diagnosis (Years)
	1-5
	Nil
	31(44.29%)
	31(44.29%)

	
	6-10
	Nil
	17 (24.29%)
	17 (24.29%)

	
	11-15
	Nil
	11 (15.71%)
	11 (15.71%)

	
	16-20
	Nil
	5 (7.14%)
	5 (7.14%)

	
	>20
	Nil
	6 (8.57%)
	6 (8.57%)



Table 1 provides the demographic characteristics of the study participants, including gender, age, and duration of diabetes diagnosis for both control and test groups. It highlights the distribution of participants across various categories, with a higher proportion of females and middle-aged adults.













Table 2: Distribution of biomarkers (KIM-1, Cystatin C, Microalbuminuria) overall and by sex
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	Female
	Male

	
	Control
	Test
	p-Value
	Control
	Test
	p-Value

	KIM-1 (pg/mL)
	5.508± 0.4364
	8.478± 1.776
	<0.0001*
	7.890± 5.624
	23.90± 18.37
	<0.0001*

	Cystatin C (ng/mL)
	9.554± 4.091
	17.35± 6.040
	<0.0001*
	11.58± 3.755
	20.12± 8.839
	<0.0001*

	Microalbuminuria (mg/L)
	21.00± 21.46
	61.25± 61.61
	0.0002*
	22.00± 35.47
	63.00± 61.37
	0.002*

	eGFR (ml/min per 1.73 m2)
	83.18± 12.56
	72.13± 24.46
	0.0130*
	97.67± 17.33
	84.07± 20.59
	0.0076*

	Urea (mmol/L)
	3.380± 0.4784
	4.610± 4.562
	0.0939
	3.470± 0.5100
	5.270± 4.643
	0.0391*

	Creatinine ([image: ]μmol/L)
	75.30± 11.00
	105.3± 105.8
	0.0783
	82.03± 23.85
	96.27± 21.95
	0.0194*

	Sodium (mmol/L)
	140.2± 1.810
	140.6± 1.973
	0.3476
	140.1± 1.494
	140.0± 2.141
	0.8893

	Potassium (mmol/L)
	4.133± 0.2759
	5.998± 7.907
	0.1400
	4.097± 0.2414
	5.327± 6.558
	0.3089

	Chloride (mmol/L)
	100.2± 2.099
	100.6± 2.716
	0.4633
	100.4± 2.092
	100.0± 3.358
	0.6462

	Bicarbonate (mmol/L)
	24.73± 1.648
	25.78± 2.833
	0.0462*
	24.47± 1.570
	26.03± 2.297
	0.0031*


Key: Test and Control values represents the mean ± standard deviation,	 N=70				
* represents statistical significance at p<0.05


Table 2 presents the levels of KIM-1, Cystatin C, and microalbuminuria in both male and female participants, comparing the control and test groups. The results indicate significant differences in these biomarkers, with higher levels in the test groups
Table 3: Early Biomarker levels by age groups
	Parameters/Age (Years)

	26-35 years
	36-45 years
	46-55 years
	56-65 years
	66-75 years

	KIM-1 (pg/mL)
	Control 
	5.113± 4.415
	5.475± 3.937
	7.740± 5.992
	6.682± 5.428
	5.803± 6.110

	
	Test 
	31.01± 17.54
	12.46± 5.614
	25.54± 18.91
	21.15± 12.47
	34.31± 28.55

	
	p-value
	0.068
	0.001*
	<0.0001*
	<0.0001*
	0.0290*

	Cystatin-C (ng/mL)
	Control
	12.17± 4.162
	9.485± 4.509
	11.66± 3.957
	9.490± 4.033
	10.37 ± 2.860       

	
	Test
	16.28± 4.346
	14.49± 3.366
	17.85± 5.226
	19.74± 7.957
	22.26± 11.14

	
	p-value
	0.302
	0.004*
	<0.0001*
	0.0007*
	0.0212*

	Microalbuminuria (mg/L)
	Control
	10.00± 0.000
	18.46± 19.94
	20.00± 28.89
	25.83± 33.22
	75.30± 11.00

	
	Test
	80.00± 70.00
	46.67± 62.57
	70.00± 66.06
	54.21± 54.70
	21.67± 28.58

	
	p-value
	0.1583
	0.1360
	0.0015*
	0.0417*
	0.0982


























Key: Test and Control values represents the mean ± standard deviation, * represents statistical significance at p<0.05
Table 3 shows the early biomarker levels of KIM-1, Cystatin C, and microalbuminuria across different age groups. Significant increases in biomarker levels are observed in older age groups, suggesting age-related progression of diabetic nephropathy.


Table 4: Estimated Glomerular Filtration Rate and Traditional Markers of Kidney Function (Plasma Sodium, Chloride, Potassium, Bicarbonate, Urea and Creatinine) of the Different Age Groups of Diabetic Subjects.

[image: ]
Key: * represents statistical significance at p<0.05

Table 4 compares eGFR, urea, creatinine, and electrolyte levels across various age groups in diabetic subjects. The findings indicate significant reductions in eGFR and increased creatinine levels in older age groups, pointing to declining kidney function with age

Table 5 — Correlations between biomarkers and clinical variables
	Parameters
	
	KIM-1 (pg/mL)
	Cys-C (ng/mL)
	Malb (mg/L)
	Urea
(mmol/L)
	Cr
(μmol/L)
	Na
(mmol/L)
	K
(mmol/L)
	Cl
(mmol/L)
	HCO3 (mmol/L)

	KIM-1 (pg/mL)
	r
	1
	0.48
	0.145
	-0.094
	0.247
	-0.083
	-0.017
	-0.065
	0.199

	
	p
	0
	2.577
	0.228
	0.435
	0.038*
	0.492
	0.886
	0.591
	0.097

	
	
	
	
	
	
	
	
	
	
	

	Cystatin-C (ng/mL)
	r
	0.48
	0.999
	0.055
	-0.124
	0.045
	-0.0832
	-0.074
	-0.125
	0.113

	
	p
	2.577
	0
	0.649
	0.304
	0.709
	0.493
	0.537
	0.301
	0.349

	
	
	
	
	
	
	
	
	
	
	

	Microalbuminuria (mg/L)
	r
	0.145
	0.055
	1
	0.049
	0.238
	-0.012
	-0.186
	-0.148
	0.128

	
	p
	0.228
	0.649
	0
	0.682
	0.047*
	0.918
	0.122
	0.219
	0.29

	
	
	
	
	
	
	
	
	
	
	

	Urea
(mmol/L)
	r
	-0.094
	-0.124
	0.049
	1
	0.277
	0.199
	-0.027
	0.304
	-0.057

	
	p
	0.435
	0.304
	0.682
	0
	0.020*
	0.097
	0.82
	0.010*
	0.634

	
	
	
	
	
	
	
	
	
	
	

	Creatinine
(μmol/L)
	r
	0.247
	0.045
	0.238
	0.277
	1
	0.032
	-0.012
	0.096
	0.555

	
	p
	0.038*
	0.709
	0.047*
	0.020*
	0
	0.792
	0.917
	0.427
	0.000*
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(mmol/L)
	r
	-0.083
	-0.0832
	-0.012
	0.199
	0.032
	1
	0.017
	0.306
	-0.207

	
	p
	0.492
	0.493
	0.918
	0.097
	0.792
	0
	0.883
	0.009*
	0.085

	
	
	
	
	
	
	
	
	
	
	

	Potassium
(mmol/L)
	r
	-0.017
	-0.074
	-0.186
	-0.027
	-0.012
	0.017
	1
	-0.194
	-0.03

	
	p
	0.886
	0.537
	0.122
	0.82
	0.917
	0.883
	0
	0.106
	0.799

	
	
	
	
	
	
	
	
	
	
	

	Chloride
(mmol/L)
	r
	-0.065
	-0.125
	-0.148
	0.304
	0.096
	0.306
	-0.194
	1
	0.157

	
	p
	0.591
	0.301
	0.219
	0.010*
	0.427
	0.009*
	0.106
	0
	0.192

	
	
	
	
	
	
	
	
	
	
	

	Bicarbonate
(mmol/L)
	r
	0.199
	0.113
	0.128
	-0.057
	0.555
	-0.207
	-0.03
	0.157
	1

	
	p
	0.097
	0.349
	0.29
	0.634
	0.000*
	0.085
	0.799
	0.192
	0


N=70				* represents statistical significance at p<0.05

Table 5 illustrates the correlations between biomarkers and clinical variables, including traditional kidney function markers. Significant correlations are observed between KIM-1, Cystatin C, microalbuminuria, and markers such as creatinine, indicating their relevance in assessing kidney function in diabetic patients.
The current study investigated the influence of gender and age on novel and conventional biomarkers of diabetic nephrotoxicity within a Nigerian patient cohort, aiming to refine early detection strategies in this resource-limited setting.
The demographic analysis revealed a higher representation of females (57.14%) compared to males (42.86%) in the overall study population, a pattern consistent across both the diabetic and control groups. This observation aligns with established reports from Nigeria and other sub-Saharan African regions, often attributed to a higher proclivity for health-seeking behavior among women [Azevedo & Alla, 2008; Ogurtsova et al., 2017; Uloko et al., 2018; World Health Organization, 2019]. Furthermore, the majority of participants were concentrated in the middle-aged to older adult categories (46–55 years at 33.57% and 56–65 years at 30.71%). This demographic profile is characteristic of Type 2 Diabetes Mellitus epidemiology, where the prevalence increases with advancing age due to the progressive onset of insulin resistance and β-cell dysfunction [American Diabetes Association, 2022].
Analysis of disease duration among diabetic participants showed that the largest subset (44.29%) had been diagnosed for 1–5 years, suggesting a considerable number of patients were in the early to intermediate stages of the disease course. A long duration of diabetes is a known primary risk factor for the development and progression of diabetic nephropathy, associated with increasing levels of renal damage biomarkers such as albuminuria, Cystatin C, and KIM-1 [Alicic et al., 2017; Gross et al., 2005; Thomas et al., 2015].
Crucially, the early injury biomarkers—KIM-1, Cystatin C, and microalbuminuria—were significantly elevated in both male and female diabetic participants compared to their non-diabetic controls (p<0.0001). This finding robustly indicates the presence of early renal injury, which precedes overt declines in renal function, aligning with the growing body of evidence supporting the utility of these biomarkers in detecting subclinical damage [Alicic et al., 2017; Thomas et al., 2015; Vaidya et al., 2010].
The elevation of biomarkers demonstrated a significant age-dependent progression. KIM-1 levels exhibited significant increases in the diabetic test groups from 36–45 years upwards (p<0.05), becoming markedly elevated in older adults (≥46 years). This pattern suggests cumulative tubular injury resulting from chronic hyperglycemia interacting with the age-related decline in renal reserve [Bonventre, 2014; Han et al., 2018; Thomas et al., 2015]. Similarly, Cystatin C showed age-dependent rises, reaching significance from the 36-year age category, which reinforces its recognized sensitivity over serum creatinine for detecting early glomerular filtration rate (GFR) decline, particularly in aging populations [Papale et al., 2013; Shlipak et al., 2013].
Microalbuminuria, a well-established marker of glomerular damage, was significantly increased in the middle-aged groups (46–55 and 56–65 years), consistent with the understanding that albuminuria tends to increase with disease duration and age-related glomerular damage [Molitch et al., 2015]. The relative absence of significance in younger adults (26–45 years) may reflect that microalbuminuria typically manifests later in the progression of diabetic nephropathy compared to tubular markers [Tuttle et al., 2014].
Further analysis of gender differences indicated that diabetic males exhibited higher mean levels of KIM-1 and Cystatin C compared to diabetic females, suggesting a potentially greater burden of tubular and early filtration damage in the male cohort. Although microalbuminuria was elevated in both sexes, the overall prevalence was high, underscoring its consistency as an early indicator of damage across all diabetic subjects [Alicic et al., 2017].
With regard to traditional renal parameters, eGFR was significantly lower in both diabetic sexes compared to controls, a feature of progressive diabetic nephropathy [American Diabetes Association, 2022]. However, the late-stage markers, urea and creatinine, showed only mild increases, becoming statistically significant primarily in the older diabetic groups (56–75 years) [Holman et al., 2017]. Electrolyte levels were largely unchanged, with isolated variances in sodium, potassium, and chloride in the 26–35 and 46–55 age groups. This stability suggested preserved tubular handling in the early to moderate disease stages [Musso et al., 2016; Tuttle et al., 2014].
The renal function decline was observed to be more pronounced after the age of 46, and males appeared to carry a higher initial burden of tubular damage (KIM-1 and Cystatin C). These findings underscore the necessity of moving beyond traditional screening and utilizing these sensitive biomarkers for targeted, early detection in high-risk demographic subgroups.
The correlation analysis highlighted important relationships that confirm the clinical relevance of the new biomarkers. KIM-1 showed a significant positive correlation with serum creatinine (r=0.247, P=0.038), suggesting its role as an early indicator of tubular injury that precedes overt rises in creatinine [Zhang et al., 2020]. Furthermore, Cystatin C and KIM-1 correlated strongly (r=0.48), supporting the concept that both markers concurrently reflect early nephron damage [Okpechi et al., 2021]. Microalbuminuria also demonstrated a significant positive relationship with creatinine (r=0.238, P=0.047), reinforcing its combined utility as a glomerular marker alongside the new tubular injury markers [American Diabetes Association, 2023]. The strong association between creatinine and bicarbonate (r=0.555, P<0.001) reflected the kidney’s role in buffering capacity, which is impaired in advanced dysfunction [Johnson et al., 2021]. Electrolyte correlations, including sodium–chloride (r=0.306, P=0.009), align with renal regulation of extracellular fluid balance [Guyton & Hall, 2020].
Conclusion
This study confirmed that gender and age significantly influence early diabetic nephrotoxicity biomarkers in the Nigerian cohort. All three markers (KIM-1, Cystatin C, and microalbuminuria) increased with advancing age, indicating heightened renal susceptibility in older diabetic patients. Males exhibited higher levels of KIM-1 and Cystatin C, suggesting a greater tubular damage burden, while microalbuminuria was consistently elevated across both genders. These results support integrating sensitive biomarkers into routine monitoring for earlier detection than traditional measures alone and advocate for targeted screening, particularly for older males.
Limitations
The primary limitations include the cross-sectional study design, which restricts causality determination and progression rate tracking. The single-center sample limits the generalizability of the findings to the broader Nigerian diabetic population and introduces potential selection bias related to healthcare access. Furthermore, sample size limitations existed within granular age and gender subgroup analyses, such as the mixed results observed in the oldest age category (66–75 years).
Recommendations
Based on the study results, the following are recommended: Clinicians in the Niger Delta region should incorporate Kidney Injury Molecule-1 and Cystatin C into routine diabetic monitoring alongside microalbuminuria to enhance sensitivity for early damage detection. Targeted screening protocols should increase vigilance for early renal injury markers in older diabetic patients and males, given their higher risk profile. Future research must adopt prospective, longitudinal designs to validate these observed age- and gender-specific patterns. Finally, further research is essential to establish local, population-specific reference ranges for KIM-1 and Cystatin C to optimize their diagnostic specificity in sub-Saharan Africa.
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Parameters/Age (years)     26 - 35 years   Mean ± SD  36 - 45 years   Mean ± SD  46 - 55 years   Mean ± SD  56 - 65 years   Mean ± SD  66 - 75 years    

eGFR (ml/min per 1.73 m 2 )  Control   91.67 ±  37.29  96.69 ±  13.41  89.88 ±  18.62  85.04 ±  12.98  87.83 ±  9.968  

Test   99.00 ±  39.40  91.08 ±  28.65  74.87 ±  23.31  69.84 ±  17.92  74.46 ±  16.36  

p - value  0.8264  0.5315  0.0185*  0.0025*  0.0841  

Urea (mmol/L)  Control   3.033 ±  0.4163  3.400 ±  0.3674  3.388 ±  0.5456  3.558 ±  0.5012  3.217 ±  0.4070  

Test   3.667 ±  1.097  6.883 ±  7.340  4.478 ±  2.361  3.958 ±  1.510  5.438 ±  7.126  

p - value  0.4028  0.1004  0.0327*  0.2303  0.4627  

Creatinine ( μmol/L)  Control  99.33 ±   51.79  76.54 ±   10.24  80.96 ±   21.32  76.33 ±   10.38  67.50 ±   4.848  

Test  76.67 ±   38.73  106.1 ±   94.01  115.7 ±   121.7  96.26 ±   24.10  85.08 ±   19.22  

p - value  0.5766  0.2710  0.1748  0.0007*  0.0438*  

Sodium (mmol/L)  Control  141.3  ±   1.155  139.9 ±   1.605  140.5 ±   1.934  140.0 ±   1.532  139.2 ±   0.9832  

Test  138.7 ±   0.5774  140.4 ±   2.353  140.9 ±   1.998  139.7 ±   1.945  140.6 ±   1.981  

p - value  0.0232*  2.353  0.4751  0.5545  0.1113  

Potassium  (mmol/L)  Control  4.133 ±   0.1528  24.00 ±   2.198  3.996  ±   0.1781  4.179 ±   0.2587  4.200 ±   0.2191  

Test  4.067 ±   0.1155  4.250 ±   0.3477  4.222 ±   0.3477  7.784 ±   11.36  7.038 ±   9.908  

p - value  0.5790  0.6502  0.0111*  0.1265  0.4990  

Chloride (mmol/L)  Control  98.67 ±  3.786  101.4 ±  2.142  99.71 ±  1.706  4.217 ±  0.248  100.7 ±  1.211  

Test  99.67 ±  0.5774  101.0 ±  3.015  101.4 ±  2.809  98.95 ±  2.592  100.0 ±  3.559  

p - value  0.6745  0.7148  0.0139*  0.0717  0.6646  

Bicarbonate (mmol/L)  Control  24.00  ± 1.000  24.00  ±  26.25  24.71  ±  1.429  24.83 ±  1.239  25.00 ±  2.366  

Test  28.00 ±  2.000  26.25 ±  1.712  26.09 ±  3.175  25.11 ±  1.941  25.85 ±  3.023  

p - value  0.0363*  0.0093*  0.0595  0.5796  0.5549  


