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ABSTRACT
Background: Pregnancy is associated with significant physiological changes in renal function, which influence the interpretation of biochemical markers. However, population-specific data on renal biomarkers and derived indices among pregnant women in sub-Saharan Africa remain limited.
Objective: This study aimed to comparatively assess renal biomarkers, electrolyte profiles, and derived ratios among pregnant and non-pregnant women in Port Harcourt, Nigeria.
Methods: A cross-sectional study was conducted involving 150 women, comprising 90 pregnant participants and 60 non-pregnant controls. Pregnant women were stratified equally across the three trimesters. Serum urea, creatinine, uric acid, and electrolytes (sodium, potassium, chloride, and bicarbonate) were analyzed using standard laboratory methods. Derived indices, including urea-to-creatinine and uric acid-to-creatinine ratios, were calculated. Statistical analysis was performed using SPSS version 24, with significance set at p < 0.05.
Results: Pregnant women exhibited significantly higher levels of serum creatinine, urea, uric acid, potassium, chloride, and bicarbonate compared to non-pregnant controls (p < 0.05), while sodium levels showed no significant difference. The uric acid-to-creatinine ratio was significantly elevated, whereas the urea-to-creatinine ratio was significantly reduced among pregnant women. Serum creatinine increased significantly across trimesters, while other biomarkers remained relatively stable. Chloride levels decreased significantly in the third trimester.
Conclusion: Pregnancy is associated with significant alterations in renal biomarkers and derived indices. These findings underscore the importance of population-specific reference ranges and support the clinical relevance of biomarker ratios in maternal health assessment and early detection of renal dysfunction.
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INTRODUCTION
Pregnancy is a unique physiological state characterized by profound anatomical, biochemical, and functional adaptations that support fetal development and maintain maternal homeostasis (Tal & Taylor, 2021). Among the organ systems affected, the renal system undergoes some of the most significant changes, driven by hormonal, hemodynamic, and metabolic factors (Soma-Pillay et al., 2016). These adaptations begin early in gestation and progress throughout pregnancy, reflecting the increasing metabolic demands of the growing fetus (Kepley, Bates, & Mohiuddin, 2023).
One of the hallmark renal changes during pregnancy is a marked increase in renal plasma flow and glomerular filtration rate (GFR), which may rise by up to 50% above pre-pregnancy levels (Mussap & Noto, 2020; Dines et al., 2023). This physiological hyperfiltration enhances the clearance of metabolic waste products such as urea, creatinine, and uric acid, leading to altered baseline concentrations compared to non-pregnant individuals. Consequently, the interpretation of renal biomarkers during pregnancy requires careful consideration of these physiological adaptations (Nelson-Piercy et al., 2025).
Renal biomarkers, including serum creatinine, urea, and uric acid, remain essential tools for assessing kidney function in clinical practice. Creatinine is widely used as a surrogate marker of GFR, while urea reflects protein metabolism and renal excretory capacity. Uric acid, a product of purine metabolism, has gained increasing attention due to its association with oxidative stress, endothelial dysfunction, and hypertensive disorders of pregnancy such as preeclampsia (Arias-Sánchez et al., 2025; Dong et al., 2025). Elevated serum uric acid levels have been linked with adverse maternal and fetal outcomes, highlighting its potential role as an early predictive biomarker (Luo et al., 2024; Ahmed et al., 2024).
Electrolyte balance is also tightly regulated during pregnancy through the coordinated actions of hormones such as aldosterone, progesterone, and antidiuretic hormone. These mechanisms ensure adequate plasma volume expansion and maintenance of acid–base balance. While mild fluctuations in sodium, potassium, chloride, and bicarbonate levels are considered physiological, significant deviations may indicate underlying renal or systemic pathology (Mustaqeem & Arif, 2023; Palmer & Clegg, 2019).
In addition to conventional biomarkers, derived indices such as the urea-to-creatinine (Urea/Cr) ratio and uric acid-to-creatinine (SUA/Cr) ratio have emerged as valuable tools for improving the interpretation of renal function. These ratios provide insight into renal handling of solutes by accounting for variations in hydration status, renal perfusion, and metabolic activity, thereby offering enhanced diagnostic value beyond individual biomarker measurements (Gounden, Bhatt, & Jialal, 2024). However, data on these indices among pregnant populations, particularly in sub-Saharan Africa, remain limited.
Furthermore, most available reference ranges for renal biomarkers are derived from non-pregnant populations or studies conducted in developed countries. Such values may not accurately reflect physiological patterns in Nigerian women due to differences in genetics, dietary habits, environmental conditions, and healthcare access (Schauer et al., 2024). This underscores the need for region-specific studies to establish baseline values and improve clinical interpretation.
In view of these gaps, this study was undertaken to comparatively assess renal biomarkers and uric acid-related ratios among pregnant and non-pregnant women in Port Harcourt, Nigeria, with the aim of improving understanding of renal physiological adaptations in this population. Specifically, the study evaluated serum levels of urea, creatinine, uric acid, and key electrolytes, compared these parameters between pregnant and non-pregnant women, and examined their variations across different trimesters of pregnancy. In addition, derived ratios, including the urea-to-creatinine and uric acid-to-creatinine ratios, were calculated to provide deeper insight into renal function and metabolic adaptation during pregnancy. Through this approach, the study seeks to contribute to the establishment of population-specific reference values and enhance the clinical utility of renal biomarkers in maternal healthcare.

[bookmark: _c05t3jpl4c6l]MATERIALS AND METHODS
[bookmark: _lakypeb2qwn3]Study Design
This study adopted a cross-sectional design to evaluate renal biomarkers, electrolyte profiles, and derived ratios among pregnant and non-pregnant women. The design enabled comparative assessment of biochemical parameters across different physiological states and stages of pregnancy within the study population.
[bookmark: _vzqjas4dw6g]Study Area
The study was conducted at the Rivers State University Teaching Hospital, Port Harcourt, Rivers State, Nigeria. This institution is a tertiary healthcare facility and a major referral center in the South-South region, providing comprehensive maternal and child health services, including antenatal, delivery, and postnatal care. The hospital serves a large and diverse population from both urban and peri-urban communities.
[bookmark: _v6pimga243sp]Study Population
A total of 150 women participated in the study, comprising 90 pregnant women and 60 non-pregnant controls. The pregnant participants were grouped according to gestational age, with 30 women in each trimester. All participants were within the age range of 18 to 57 years and were recruited from antenatal clinics and outpatient departments of the hospital during the study period. Blood pressure (systolic and diastolic) was measured for all pregnant participants using a standard sphygmomanometer as part of the clinical assessment. 
[bookmark: _uj5bm77zqija][bookmark: _jfnckrzi4yhn]Eligibility Criteria
Participants were selected based on defined inclusion and exclusion criteria. Pregnant women attending antenatal care and apparently healthy non-pregnant women who consented to participate were included in the study. Individuals with known renal, metabolic, or endocrine disorders, including chronic kidney disease, thyroid dysfunction, and parathyroid disorders, were excluded. Women taking medications known to influence renal or uric acid metabolism were also excluded. Additional exclusions included women with pregnancy-related complications such as preeclampsia, eclampsia, or gestational diabetes, those with urinary tract infections at the time of sampling, and hypertensive individuals.
[bookmark: _zcdgr3dgypuf]Sample Size and Sampling Technique
A total of 150 participants were recruited using a convenience sampling technique. This included 90 pregnant women distributed equally across the three trimesters and 60 non-pregnant control subjects. The sample size was considered adequate for comparative statistical analysis within the study setting.
[bookmark: _xt04qmn8wqrt]Sample Collection, Processing, and Storage
Approximately 2 millilitres of venous blood was collected aseptically from the antecubital vein using a sterile hypodermic syringe. The blood samples were dispensed into plain sample containers and allowed to clot at room temperature. Samples were transported to the laboratory in ice packs and centrifuged at 2400 revolutions per minute for 5 minutes to obtain serum. The separated serum was transferred into labeled containers and stored under refrigeration until analysis.
[bookmark: _8kxu5xiv8u8m]Biochemical Analysis
All biochemical parameters were analyzed using standard and validated laboratory techniques to ensure accuracy and reproducibility. Serum electrolyte concentrations, including sodium, potassium, chloride, and bicarbonate, were determined using an ion-selective electrode analyzer, which measures the electrical potential generated by ion activity in solution. The analyzer was calibrated prior to use, and quality control samples were included to ensure reliability.
Serum urea was measured using the diacetyl monoxime method, in which urea reacts in an acidic medium under high temperature to form a colored compound measurable spectrophotometrically at a wavelength of 520 nanometres. Serum creatinine was determined using the Jaffe method, based on the reaction between creatinine and picric acid in an alkaline medium to form a colored complex measurable at the same wavelength. Serum uric acid was determined using the uricase-peroxidase enzymatic method, in which uric acid is oxidized to produce hydrogen peroxide that reacts with a chromogen to form a measurable colored compound.
All assays were performed using standard laboratory procedures, including the use of blank, standard, quality control, and test samples to ensure analytical precision. Calibration and validation of laboratory equipment were carried out according to standard laboratory guidelines, and internal quality control samples were analyzed alongside test samples to ensure consistency.
[bookmark: _t6ns3mz6ggcl]Calculation of Derived Ratios
In addition to individual biomarker measurements, derived indices were calculated to enhance interpretation of renal function. These included the urea-to-creatinine ratio and the uric acid-to-creatinine ratio, obtained by dividing serum urea or uric acid concentrations by serum creatinine levels. These ratios provide additional insight into renal handling of metabolites and improve diagnostic interpretation.
To ensure uniformity in ratio calculations, serum urea, creatinine, and uric acid values were converted to mg/dL using standard conversion factors prior to computation of urea-to-creatinine and uric acid-to-creatinine ratios.
[bookmark: _t6h7mcahnil4]Statistical Analysis
Data obtained from the study were analyzed using the Statistical Package for Social Sciences version 24. Continuous variables were expressed as mean and standard deviation. Comparisons between pregnant and non-pregnant groups were carried out using Student’s independent t-test, while differences across trimesters were evaluated using one-way analysis of variance. A p-value less than 0.05 was considered statistically significant.

RESULT
A total of 150 participants were included in this study, comprising 90 pregnant women and 60 non-pregnant controls. Pregnant participants were evenly distributed across the three trimesters. All pregnant participants had blood pressure values within the normotensive range, and no case of preeclampsia or gestational hypertension was recorded.  Comparative analysis revealed that pregnant women had significantly higher mean serum levels of creatinine, urea, uric acid, potassium, chloride, and bicarbonate compared to non-pregnant controls (p < 0.05), while sodium levels showed no statistically significant difference (p > 0.05).

Pregnant women exhibited significantly higher mean serum levels of creatinine, urea, uric acid, potassium, chloride, and bicarbonate compared to non-pregnant controls (p < 0.05), whereas sodium levels did not differ significantly between the groups. These findings are consistent with previous reports indicating altered renal handling and electrolyte balance during pregnancy due to hormonal and hemodynamic adaptations (Meena & Batool, 2026; Ohikere et al., 2025).
The elevation in serum uric acid among pregnant women is in agreement with studies reporting increased uric acid levels in later stages of pregnancy, possibly reflecting changes in renal clearance and oxidative metabolism (Corominas et al., 2022; Singla, 2025). Similarly, the observed increases in creatinine and urea levels suggest ongoing physiological adaptations in renal function, influenced by factors such as plasma volume expansion and increased metabolic demand (Paizis & Jarvis, 2021).
Analysis of derived indices showed that the uric acid-to-creatinine ratio was significantly higher in pregnant women, while the urea-to-creatinine ratio was significantly lower compared to non-pregnant controls. These findings indicate differential renal handling of metabolic waste products during pregnancy and support the usefulness of ratio-based indices in enhancing the interpretation of renal function. Comparable observations have been reported in studies highlighting the diagnostic relevance of biomarker ratios in assessing renal function and fluid status (Lin et al., 2021; Wang, Lv, Wei, & Zhao, 2026).
Further analysis across the three trimesters revealed a significant increase in serum creatinine levels toward the third trimester, suggesting progressive physiological changes in renal function with advancing gestation. In contrast, urea and uric acid levels remained relatively stable across trimesters, indicating preserved renal efficiency within physiological limits. These findings are consistent with reports of trimester-dependent variations in renal biomarkers, particularly the gradual rise in creatinine levels in late pregnancy (Ushida et al., 2025; Harel et al., 2019).
Electrolyte analysis demonstrated that sodium and bicarbonate levels remained relatively stable across trimesters, reflecting effective homeostatic regulation. Potassium levels showed non-significant fluctuations, while chloride levels decreased significantly in the third trimester. These variations may be attributed to hormonal influences, particularly the effects of aldosterone and progesterone on renal tubular transport (Scott et al., 2023; Cheung & Lafayette, 2013).
Age-based analysis showed no statistically significant differences in most renal biomarkers and electrolytes across age groups, except for potassium, which exhibited a significant decline with increasing age. This observation may reflect age-related changes in renal function and hormonal responsiveness, consistent with previous findings (Ohikere et al., 2025).
The results demonstrate that pregnancy is associated with significant alterations in renal biomarkers and electrolyte balance, with additional insights provided by derived ratios, highlighting the dynamic nature of renal adaptation during pregnancy.




DISCUSSION

This study evaluated renal biomarkers, electrolyte profiles, and derived ratios among pregnant and non-pregnant women in Port Harcourt, Nigeria, and demonstrated significant pregnancy-associated alterations. These findings reflect the complex physiological adaptations of the maternal renal system required to support fetal development and maintain homeostasis.
Interestingly, pregnant women in this study exhibited higher serum creatinine and urea levels compared to non-pregnant controls, which contrasts with the classical expectation of reduced levels due to pregnancy-induced hyperfiltration. This discrepancy may reflect population-specific factors such as dietary protein intake, hydration status, and environmental influences, as well as potential analytical limitations associated with the Jaffe method.

Similarly, the elevated serum urea levels observed in pregnant women differ from classical reports of decreased urea concentrations associated with enhanced renal clearance and plasma volume expansion (Gao et al., 2021). This finding may be attributed to increased protein metabolism, dietary variations, or differences in renal perfusion within the study population, underscoring the importance of considering local physiological and environmental factors in biochemical interpretation.
Serum uric acid levels were also significantly elevated among pregnant women, consistent with previous studies reporting increased uric acid concentrations, particularly in later stages of pregnancy (Arias-Sánchez et al., 2025; Harel et al., 2019). Uric acid serves both as an antioxidant and as a marker of oxidative stress, and its elevation has been associated with endothelial dysfunction and the development of hypertensive disorders such as preeclampsia (Du et al., 2024; Huang et al., 2017). These findings support the potential clinical relevance of uric acid as a biomarker in pregnancy.
Analysis of derived indices revealed a significant increase in the uric acid-to-creatinine ratio and a decrease in the urea-to-creatinine ratio among pregnant women. These results indicate differential renal handling of metabolic waste products during pregnancy and highlight the value of ratio-based indices in enhancing the interpretation of renal function. Previous studies have similarly demonstrated the diagnostic utility of such ratios in assessing renal perfusion, fluid status, and metabolic balance (Gounden et al., 2024; Wu et al., 2024). The elevated uric acid-to-creatinine ratio observed in this study may therefore serve as an early indicator of altered renal adaptation and potential risk of hypertensive complications.
Trimester-based analysis showed a significant increase in serum creatinine levels toward the third trimester, consistent with reports of progressive changes in renal function as pregnancy advances (Piani et al., 2023). In contrast, urea and uric acid levels remained relatively stable across trimesters, suggesting that compensatory mechanisms maintain these parameters within physiological limits despite increasing metabolic demands.
Electrolyte analysis demonstrated that sodium and bicarbonate levels remained stable across groups and trimesters, reflecting effective homeostatic regulation mediated by hormonal systems such as the renin–angiotensin–aldosterone system and antidiuretic hormone (Vinturache & Khalil, 2021). However, potassium and chloride levels were significantly elevated in pregnant women, with chloride showing a decline in the third trimester. These variations may be attributed to hormonal influences on renal tubular transport, particularly the actions of aldosterone and progesterone.
Age-related analysis revealed minimal variation in most renal biomarkers, except for a significant decline in potassium levels with increasing age. This finding may reflect age-related changes in renal function and hormonal responsiveness, consistent with previous reports (Rangaswami et al., 2019).
Overall, the findings of this study highlight the dynamic and context-dependent nature of renal adaptation during pregnancy. The observed variations emphasize the need for locally derived reference values, as reliance on generalized reference ranges may lead to misinterpretation of physiological changes as pathological conditions. Furthermore, the inclusion of derived ratios enhances the diagnostic value of renal biomarkers and may improve early detection of renal dysfunction and hypertensive disorders in pregnancy.
[bookmark: _xp9ku5rm762q]CONCLUSION
[bookmark: _GoBack]This study demonstrates that pregnancy is associated with significant alterations in renal biomarkers, electrolyte profiles, and derived indices among women in Port Harcourt, Nigeria. Notably, elevated levels of creatinine, urea, uric acid, and selected electrolytes, alongside significant changes in uric acid-to-creatinine and urea-to-creatinine ratios, indicate dynamic renal adaptations during pregnancy.
These findings underscore the importance of population-specific reference ranges and highlight the clinical utility of biomarker ratios in improving the assessment of renal function and early detection of pregnancy-related complications.
These findings may support early identification of pregnancy-related renal complications such as preeclampsia in resource-limited settings.

[bookmark: _5pzr4rxzop0s]LIMITATIONS



This study has several limitations. First, it was conducted in a single tertiary healthcare center, which may limit the generalizability of the findings to other populations. Second, the cross-sectional design does not allow for assessment of temporal changes or causal relationships in renal biomarkers during pregnancy. Third, potential confounding factors such as dietary intake, hydration status, and body mass index were not fully controlled. Additionally, the use of the Jaffe method for creatinine estimation may introduce analytical bias. Finally, emerging renal biomarkers were not included, which may limit the sensitivity of detecting early renal dysfunction.



Table 1: Demographic characteristics of the study population
	Variable
	Category
	Pregnant (n = 90)
	Non-pregnant (n = 60)
	Total (n = 150)

	Marital Status
	Single
	32 (35.6%)
	35 (58.3%)
	67 (44.7%)

	
	Married
	58 (64.4%)
	25 (41.7%)
	83 (55.3%)

	Education Level
	Primary
	0 (0.0%)
	5 (8.3%)
	5 (3.3%)

	
	Secondary
	41 (45.6%)
	24 (40.0%)
	65 (43.3%)

	
	Tertiary
	49 (54.4%)
	31 (51.7%)
	80 (53.3%)

	Trimester (Pregnant only)
	First
	30 (33.3%)
	–
	30 (20.0%)

	
	Second
	30 (33.3%)
	–
	30 (20.0%)

	
	Third
	30 (33.3%)
	–
	30 (20.0%)

	Parity
	Primigravida
	44 (48.9%)
	–
	44 (29.3%)

	
	Multigravida
	46 (51.1%)
	–
	46 (30.7%)



[bookmark: _5tgo3dnm1l43]
[bookmark: _nksouw7pxlr6]
[bookmark: _oi8a7whk0f0w]
Table 2: Comparison of renal biomarkers and electrolyte parameters between pregnant and non-pregnant women
	Parameter
	Pregnant (n = 90) 
Mean ± SD
	Non-pregnant
(n = 60) Mean ± SD
	p-value
	Significance

	Creatinine (mg/dL)
	75.86 ± 12.05
	65.62 ± 8.01
	<0.001
	Significant

	Urea (mg/dL)
	5.54 ± 0.87
	5.25 ± 0.61
	0.022
	Significant

	Sodium (mg/dL)
	135.85 ± 5.05
	136.54 ± 3.51
	0.364
	Not significant

	Potassium (mg/dL)
	5.39 ± 0.98
	4.24 ± 0.37
	<0.001
	Significant

	Chloride (mg/dL)
	103.81 ± 5.39
	98.56 ± 2.87
	<0.001
	Significant

	Bicarbonate (mg/dL)
	24.17 ± 1.68
	23.51 ± 1.28
	0.010
	Significant

	Uric acid (mg/dL)
	7.32 ± 0.40
	5.27 ± 0.85
	<0.001
	Significant

	Uric Acid/Creatinine Ratio
	98.99 ± 17.03
	81.88 ± 18.38
	<0.001
	Significant

	Urea/Creatinine Ratio
	75.29 ± 18.30
	80.55 ± 9.31
	0.042
	Significant


[bookmark: _bhyqoseew0ke]Values are expressed as mean ± standard deviation. p < 0.05 considered statistically significant.
[bookmark: _aoixd5v0cbec]
Table 3: Comparison of renal biomarkers and electrolyte parameters across trimesters
	Parameter
	1st Trimester
	2nd Trimester
	3rd Trimester
	p-value
	Significance

	Creatinine (µmol/L)
	74.41 ± 12.27
	72.63 ± 9.06
	80.55 ± 13.33
	0.026
	Significant

	Urea (mmol/L)
	5.55 ± 0.97
	5.52 ± 0.89
	5.57 ± 0.75
	0.974
	Not significant

	Sodium (mmol/L)
	135.65 ± 4.87
	135.38 ± 4.31
	136.53 ± 5.93
	0.656
	Not significant

	Potassium (mmol/L)
	5.38 ± 0.99
	5.15 ± 0.94
	5.66 ± 0.98
	0.132
	Not significant

	Chloride (mmol/L)
	104.12 ± 4.72
	105.38 ± 5.20
	101.94 ± 5.80
	0.043
	Significant

	Bicarbonate (mmol/L)
	24.16 ± 1.71
	24.11 ± 1.70
	24.25 ± 1.68
	0.951
	Not significant

	Uric acid (mmol/L)
	7.33 ± 0.36
	7.34 ± 0.42
	7.29 ± 0.42
	0.853
	Not significant

	Uric Acid/Creatinine Ratio
	101.03 ± 16.47
	102.74 ± 15.28
	93.22 ± 18.24
	0.068
	Not significant

	Urea/Creatinine Ratio
	76.70 ± 18.94
	77.57 ± 18.12
	71.59 ± 17.88
	0.397
	Not significant


[bookmark: _mvj0v1mb4h7i]
[bookmark: _qkyqpp2s7z5y]Table 4: Renal biomarkers across age groups in pregnant women 
	Parameter
	18–27 yrs
	28–37 yrs
	38–47 yrs
	p-value
	Significance

	Creatinine (µmol/L)
	80.47 ± 10.09
	73.68 ± 10.52
	76.08 ± 14.71
	0.122
	NS

	Urea (mmol/L)
	5.45 ± 0.95
	5.54 ± 0.88
	5.61 ± 0.80
	0.845
	NS

	Sodium (mmol/L)
	135.77 ± 5.09
	136.01 ± 4.89
	135.68 ± 5.42
	0.962
	NS

	Potassium (mmol/L)
	5.88 ± 1.05
	5.34 ± 0.91
	5.14 ± 0.97
	0.032
	Significant

	Chloride (mmol/L)
	102.84 ± 5.85
	104.31 ± 4.80
	103.71 ± 6.00
	0.614
	NS

	Bicarbonate (mmol/L)
	23.74 ± 1.64
	24.23 ± 1.69
	24.38 ± 1.70
	0.418
	NS

	Uric acid (mmol/L)
	7.36 ± 0.41
	7.31 ± 0.40
	7.30 ± 0.39
	0.866
	NS
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