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Serum Uric Acid and Uric Acid–Creatinine Ratio as Emerging Indicators of Renal Adaptation and Risk in Pregnancy




ABSTRACT
Background: Serum uric acid has emerged as a clinically relevant biomarker in pregnancy due to its association with renal function, oxidative stress, and hypertensive disorders such as preeclampsia. The uric acid–creatinine ratio has been proposed as a more sensitive indicator of renal adaptation, as it accounts for variations in glomerular filtration.
Objective: This study evaluated serum uric acid levels and the uric acid–creatinine ratio as indicators of renal adaptation among pregnant women in Port Harcourt, Nigeria, and compared findings with non-pregnant controls.
Methods: A cross-sectional analytical study was conducted among 150 women, comprising 90 pregnant women (30 per trimester) and 60 non-pregnant controls. Blood samples were collected and analyzed for creatinine, urea, electrolytes, and uric acid using standard laboratory methods. The uric acid–creatinine ratio was calculated. Data were analyzed using SPSS version 24, with statistical significance set at p < 0.05.
Results: Pregnant women had significantly higher levels of creatinine, urea, potassium, chloride, bicarbonate, uric acid, and uric acid–creatinine ratio compared to non-pregnant controls (p < 0.05), while sodium levels showed no significant difference. Across trimesters, creatinine increased significantly (p = 0.026), and chloride decreased in the third trimester (p = 0.043). Uric acid levels and derived ratios did not vary significantly across trimesters. Age-related analysis showed a significant decline in potassium levels with increasing age (p = 0.032).
Conclusion: Serum uric acid and the uric acid–creatinine ratio are elevated in pregnancy and reflect important renal adaptations. These biomarkers may serve as useful, cost-effective tools for monitoring renal function and identifying early risk of pregnancy-related complications.
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INTRODUCTION
Serum uric acid is the end product of purine metabolism and has traditionally been regarded as a metabolic waste compound. However, growing evidence indicates that uric acid plays a dual role in human physiology, acting as both an antioxidant and a pro-oxidant depending on its concentration and biological context (El Ridi & Tallima, 2017; Furuhashi, 2020). In pregnancy, uric acid has gained increasing attention as an important biomarker due to its association with renal function, oxidative stress, and vascular regulation (Arias-Sánchez et al., 2025).
Pregnancy is characterized by profound physiological changes, particularly within the renal system, which undergoes significant hemodynamic and functional adaptations. These include increased renal plasma flow and glomerular filtration rate, which enhance the clearance of metabolic waste products such as uric acid (Moronge et al., 2023 ; Soma-Pillay et al., 2016 ). As a result, serum uric acid levels typically decrease in early pregnancy. However, as gestation progresses, uric acid levels tend to rise, reflecting reduced renal clearance, increased tubular reabsorption, and heightened oxidative stress (Corominas et al., 2022).
The clinical significance of uric acid in pregnancy extends beyond its role as a metabolic marker. Elevated serum uric acid levels have been consistently associated with endothelial dysfunction, inflammation, and impaired nitric oxide production, all of which contribute to the pathophysiology of hypertensive disorders of pregnancy, particularly preeclampsia (Pecoraro & Trenti, 2020 ; Lu et al., 2020). Preeclampsia remains a major cause of maternal and perinatal morbidity and mortality worldwide, and early identification of women at risk remains a critical challenge in obstetric care (Wang et al., 2021; Kokori et al., 2024).
While absolute serum uric acid levels provide valuable information, their interpretation may be influenced by variations in renal function, hydration status, and metabolic activity. Consequently, derived indices such as the uric acid–to–creatinine ratio have been proposed as more reliable indicators of renal handling of uric acid. This ratio accounts for changes in glomerular filtration and may offer improved diagnostic sensitivity compared to individual biomarkers (Wang et al., 2023; Brookes, 2022).
Despite the growing recognition of uric acid as a clinically relevant biomarker, there is limited data on its dynamics and derived indices among pregnant women in sub-Saharan Africa, particularly in Nigeria. Population-specific variations in diet, genetics, and environmental factors may influence biomarker levels and their clinical interpretation (Bolarinwa et al., 2024). In view of this, the present study was undertaken to evaluate serum uric acid levels and the uric acid–creatinine ratio among pregnant women in Port Harcourt, Nigeria, in comparison with non-pregnant controls, and to assess variations across different trimesters of pregnancy, with the aim of determining their potential utility as indicators of renal adaptation and early markers of pregnancy-related complications such as preeclampsia.

[bookmark: _v8vb52pfwat9]MATERIALS AND METHODS
[bookmark: _r3y8fggcb1vq]Study Design
This study was conducted using a cross-sectional analytical design to evaluate serum uric acid levels and the uric acid–creatinine ratio as indicators of renal adaptation in pregnancy. The design allowed for comparison between pregnant women at different stages of gestation and non-pregnant controls.
[bookmark: _4t8iy4ixlp1c]Study Area
The study was carried out at the Rivers State University Teaching Hospital, Port Harcourt, Rivers State, Nigeria. The hospital is a tertiary healthcare institution that provides specialized maternal and child health services and serves as a major referral center within the region.
[bookmark: _dgrf1wusty1m]Study Population
The study included a total of 150 women, comprising 90 pregnant women and 60 non-pregnant controls. The pregnant participants were grouped according to gestational age into first, second, and third trimesters, with 30 participants in each group. Participants were recruited from antenatal clinics and outpatient departments of the hospital.
[bookmark: _k7zec57zucyf]Ethical Approval
Ethical approval for the study was obtained from the Ethics Committee of the Rivers State University Teaching Hospital. All participants were informed about the purpose and procedures of the study, and written and verbal consent were obtained prior to sample collection. Confidentiality of all participant information was maintained throughout the study.


[bookmark: _v6aevgl2bf3i]Eligibility Criteria
Participants were selected based on defined inclusion and exclusion criteria. Pregnant women attending antenatal clinics and apparently healthy non-pregnant women who consented to participate were included. Individuals with known renal disease, metabolic disorders, or endocrine abnormalities were excluded. Women with pregnancy-related complications such as preeclampsia or gestational diabetes were also excluded. Participants taking medications that could influence uric acid or renal function were not included in the study.
[bookmark: _qezgp9kr9pf8]Sample Size and Sampling Technique
A total of 150 participants were recruited using a convenience sampling technique. The sample size was considered adequate for comparative analysis between groups and across different trimesters of pregnancy.
[bookmark: _egsflgtur3vk]Sample Collection and Processing
Approximately 2 millilitres of venous blood was collected aseptically from the antecubital vein using sterile syringes. The samples were transferred into plain containers and allowed to clot at room temperature. Serum was separated by centrifugation at 2400 revolutions per minute for 5 minutes and stored under appropriate conditions until analysis.
[bookmark: _17kdi579avf4]Biochemical Analysis
Serum uric acid and creatinine levels were determined using standard laboratory methods. Uric acid was measured using the uricase-peroxidase enzymatic method, which is based on the oxidation of uric acid to produce hydrogen peroxide that reacts with a chromogenic substrate to form a colored compound measurable spectrophotometrically. Creatinine was determined using the Jaffe method, which involves the reaction of creatinine with picric acid in an alkaline medium to form a colored complex measurable at a specific wavelength.
All assays were performed in accordance with standard laboratory procedures. Calibration of equipment was carried out prior to analysis, and quality control samples were included to ensure accuracy and reliability of results.

[bookmark: _4fy3hi6sbsz]Calculation of Uric Acid–Creatinine Ratio
The uric acid–creatinine ratio was calculated by dividing serum uric acid concentration by serum creatinine concentration for each participant. This ratio was used to provide additional insight into renal handling of uric acid and to enhance interpretation of the results.
[bookmark: _d5uvw9evgqz3]Statistical Analysis
Data obtained from the study were analyzed using the Statistical Package for Social Sciences version 24. Results were expressed as mean and standard deviation. Comparisons between pregnant and non-pregnant groups were performed using Student’s independent t-test, while differences across trimesters were assessed using one-way analysis of variance. A p-value less than 0.05 was considered statistically significant.

[bookmark: _r05jpqhjzlwr]RESULTS
[bookmark: _1bsv6bl8bbr4]Demographic Characteristics of the Study Population
A total of 150 women participated in this study, comprising 90 pregnant and 60 non-pregnant women. The majority of participants were married (55.3%), with a higher proportion observed among pregnant women (64.4%), whereas non-pregnant women were predominantly single (58.3%) .
Most participants had attained tertiary education (53.3%), followed by secondary education (43.3%). This relatively high level of education may positively influence health-seeking behavior and antenatal care utilization, which are known determinants of maternal health outcomes (Bolarinwa et al., 2024).
Pregnant women were evenly distributed across the three trimesters, ensuring balanced comparison of gestational changes. Nearly half (48.9%) were primigravidae, while 51.1% were multigravidae, reflecting variability in physiological adaptation during pregnancy.
[bookmark: _asa4du21p280]Comparison of Renal and Electrolyte Parameters Between Pregnant and Non-Pregnant Women
Significant differences were observed in several renal and electrolyte parameters between pregnant and non-pregnant women. Pregnant women had significantly higher levels of creatinine, urea, potassium, chloride, bicarbonate, uric acid, and uric acid–creatinine ratio (p < 0.05), while sodium levels showed no significant difference .
The elevated creatinine levels observed among pregnant women may reflect altered renal hemodynamics and increased metabolic demand. Although pregnancy is typically associated with increased glomerular filtration rate (GFR), variations in creatinine levels may occur depending on gestational stage and individual physiological responses (Soma-Pillay et al., 2016 ; Agampodi et al., 2023).
Similarly, the significant increase in serum urea may be attributed to changes in protein metabolism and renal function during pregnancy, as urea levels are influenced by nitrogen balance and renal clearance (Enthoven et al., 2023; Walle et al., 2022 ).
Electrolyte analysis revealed significantly elevated potassium, chloride, and bicarbonate levels in pregnant women. These findings may reflect hormonal influences, particularly the activation of the renin–angiotensin–aldosterone system, which plays a key role in maintaining electrolyte balance during pregnancy (Khonsary, 2017; Meena & Batool, 2026).
Serum uric acid levels were significantly higher in pregnant women compared to controls. This finding is consistent with evidence that uric acid increases in later pregnancy due to reduced renal clearance and increased oxidative stress (Arias-Sánchez et al., 2025; Corominas et al., 2022). Elevated uric acid is also associated with endothelial dysfunction and may indicate early pathological changes (Pecoraro & Trenti, 2020 ).
Furthermore, the uric acid–creatinine ratio was significantly elevated in pregnant women, suggesting altered renal handling of uric acid. This supports previous findings that biomarker ratios may provide improved insight into renal function by accounting for variations in glomerular filtration (Wang et al., 2023; Brookes, 2022).
[bookmark: _v76buemgjza4]Comparison of Renal and Electrolyte Parameters Across Trimesters
Analysis across trimesters revealed a significant increase in creatinine levels, with the highest values observed in the third trimester (p = 0.026) . This trend reflects progressive physiological adaptations in renal function as pregnancy advances, including changes in renal blood flow and filtration dynamics (Moronge et al., 2023 ; Waleed et al., 2026 ).
Chloride levels also showed significant variation, with a reduction observed in the third trimester (p = 0.043). This may be attributed to hemodilution and fluid redistribution associated with plasma volume expansion during pregnancy (Soma-Pillay et al., 2016).
In contrast, urea, sodium, potassium, bicarbonate, uric acid, and renal ratios did not differ significantly across trimesters. The stability of sodium levels supports the concept of tight physiological regulation of sodium balance despite increased plasma volume (Bernal et al., 2023).
Interestingly, uric acid levels remained relatively stable across trimesters. Although previous studies have reported progressive increases, some evidence suggests that uric acid dynamics may vary depending on population-specific factors and renal adaptation mechanisms (Johnson et al., 2023 ).
[bookmark: _u1efztrz7vge]Comparison Across Age Groups of Pregnant Women
Most renal and electrolyte parameters did not show significant differences across age groups, suggesting that maternal age may not substantially influence renal adaptation during pregnancy.
However, potassium levels showed a significant decrease with increasing age (p = 0.032) . This may reflect age-related differences in renal handling of potassium and hormonal regulation, as potassium homeostasis is influenced by renal excretion and endocrine factors (Gumz et al., 2015).
Uric acid levels and uric acid–creatinine ratio remained consistent across age groups, indicating that these biomarkers are relatively independent of maternal age and may serve as stable indicators of renal function during pregnancy.
[bookmark: _1ls4ufqq3sni]DISCUSSION
This study evaluated renal and electrolyte parameters in pregnancy and demonstrated significant alterations in several biomarkers, highlighting the impact of pregnancy on renal physiology.
The significantly higher creatinine levels observed in pregnant women suggest altered renal function. Although pregnancy is typically associated with increased GFR and reduced serum creatinine, variations may occur depending on gestational stage and individual physiological responses (Agampodi et al., 2023; Soma-Pillay et al., 2016 ). The progressive increase observed across trimesters further supports the dynamic nature of renal adaptation during pregnancy.
Similarly, the elevation in urea levels among pregnant women may reflect increased protein metabolism and changes in renal clearance. Urea concentration is influenced by nitrogen metabolism and renal perfusion, both of which undergo significant changes during pregnancy (Enthoven et al., 2023; Walle et al., 2022 ).
Electrolyte changes observed in this study, particularly the significant increases in potassium, chloride, and bicarbonate, may be attributed to hormonal regulation and renal tubular adaptations. The renin–angiotensin–aldosterone system plays a critical role in maintaining fluid and electrolyte balance during pregnancy (Khonsary, 2017; Meena & Batool, 2026).
The significantly elevated serum uric acid levels observed in pregnant women are consistent with previous reports linking hyperuricemia to reduced renal clearance and increased oxidative stress during pregnancy (Arias-Sánchez et al., 2025 ; Corominas et al., 2022). Uric acid has also been implicated in endothelial dysfunction and may serve as an early indicator of hypertensive disorders such as preeclampsia (Pecoraro & Trenti, 2020; Ngeri et al., 2022).
The uric acid–creatinine ratio was significantly elevated in pregnant women, supporting its potential utility as a more sensitive marker of renal function. By accounting for variations in creatinine, this ratio provides a more reliable assessment of uric acid handling and renal adaptation (Wang et al., 2023; Brookes, 2022).
Across trimesters, the significant increase in creatinine and reduction in chloride levels reflect progressive physiological changes, including altered renal hemodynamics and plasma volume expansion (Moronge et al., 2023 ; Soma-Pillay et al., 2016). The stability of other parameters suggests effective homeostatic mechanisms that maintain electrolyte balance despite these changes.
The lack of significant variation in most parameters across age groups indicates that maternal age may not play a major role in renal adaptation during pregnancy. However, the observed differences in potassium levels suggest that age-related physiological factors may influence electrolyte regulation (Gumz et al., 2015).
Overall, the findings of this study are consistent with existing literature and further support the role of renal biomarkers, particularly uric acid and its derived ratios, as important indicators of physiological adaptation and potential early markers of pregnancy-related complications.



[bookmark: _e17qh3plg7zb][bookmark: _e17qh3plg7zb]
[bookmark: _dpy8tfkh1gpx]CONCLUSION
This study demonstrates that pregnancy is associated with significant alterations in renal and electrolyte parameters. Pregnant women exhibited higher levels of creatinine, urea, potassium, chloride, bicarbonate, serum uric acid, and uric acid–creatinine ratio compared to non-pregnant controls, indicating notable changes in renal function and metabolic activity.
The significant increase in creatinine across trimesters and the reduction in chloride levels in late pregnancy highlight the dynamic nature of renal adaptation during gestation. Although serum uric acid and its derived ratio did not show significant variation across trimesters, their elevated levels in pregnancy suggest altered renal handling and potential clinical relevance.
Overall, serum uric acid and the uric acid–creatinine ratio may serve as useful, accessible biomarkers for assessing renal adaptation during pregnancy. Their potential role in early detection of pregnancy-related complications, particularly hypertensive disorders such as preeclampsia, warrants further investigation.
[bookmark: _xspbp06xgl94]RECOMMENDATIONS
Routine assessment of serum uric acid and renal function parameters should be incorporated into antenatal care to enhance early detection of renal dysfunction and pregnancy-related complications. In addition, the uric acid–creatinine ratio should be considered as an adjunct biomarker for evaluating renal adaptation during pregnancy, particularly in resource-limited settings where simple and cost-effective tools are essential. The development of pregnancy-specific reference ranges for renal biomarkers is also recommended to improve clinical interpretation and support informed decision-making. Furthermore, large-scale, multicenter, and longitudinal studies are needed to validate the predictive value of serum uric acid and its derived indices in identifying pregnancy-related complications such as preeclampsia.
[bookmark: _68f6qy7y8gbf]LIMITATIONS
This study has several limitations. The cross-sectional design limits the ability to assess temporal changes and establish causal relationships in renal function during pregnancy. The study was conducted in a single center, which may limit the generalizability of the findings to other populations.
Additionally, potential confounding factors such as dietary habits, hydration status, body mass index, and socioeconomic factors were not fully controlled and may have influenced the observed results. Despite these limitations, the study provides valuable insights into renal adaptation and highlights the potential utility of uric acid-based biomarkers in pregnancy.
[bookmark: _Hlk227942606][bookmark: _Hlk198031404]Disclaimer (Artificial intelligence)
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[bookmark: _kr877otjowk6][bookmark: _xbppvbqf9c0z] 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
	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: _ctop382bm71k]Table 2: Comparison of Renal and Electrolyte Parameters Between Pregnant and Non-Pregnant Women
	Parameter
	Pregnant (n = 90)
	Non-pregnant (n = 60)
	t-value
	p-value
	Remark

	Creatinine (µmol/L)
	75.86 ± 12.05
	65.62 ± 8.01
	5.78
	<0.001
	SS

	Urea (mmol/L)
	5.54 ± 0.87
	5.25 ± 0.61
	2.31
	0.022
	SS

	Sodium (mmol/L)
	135.85 ± 5.05
	136.54 ± 3.51
	-0.91
	0.364
	NS

	Potassium (mmol/L)
	5.39 ± 0.98
	4.24 ± 0.37
	8.60
	<0.001
	SS

	Chloride (mmol/L)
	103.81 ± 5.39
	98.56 ± 2.87
	6.92
	<0.001
	SS

	Bicarbonate (mmol/L)
	24.17 ± 1.68
	23.51 ± 1.28
	2.60
	0.010
	SS

	Uric Acid (mmol/L)
	7.32 ± 0.40
	5.27 ± 0.85
	19.90
	<0.001
	SS

	Uric Acid/Creatinine Ratio
	98.99 ± 17.03
	81.88 ± 18.38
	5.84
	<0.001
	SS

	Urea/Creatinine Ratio
	75.29 ± 18.30
	80.55 ± 9.31
	-2.06
	0.042
	SS


Key: SS = Statistically Significant (p < 0.05); NS = Not Significant (p > 0.05)

[bookmark: _w63g7x5vq72][bookmark: _w63g7x5vq72]
[bookmark: _8fl8i33ds00n][bookmark: _8fl8i33ds00n]
[bookmark: _mzn2xjq1xsab][bookmark: _mzn2xjq1xsab]
[bookmark: _a95s61rjs0y3]Table 3: Comparison of Renal and Electrolyte Parameters Across Trimesters
	Parameter
	1st Trimester (n=30)
	2nd Trimester (n=30)
	3rd Trimester (n=30)
	F-value
	p-value
	                                         Remark

	Creatinine (µmol/L)
	74.41 ± 12.27ᵃ
	72.63 ± 9.06ᵃ
	80.55 ± 13.33ᵇ
	3.79
	0.026
	SS

	Urea (mmol/L)
	5.55 ± 0.97ᵃ
	5.52 ± 0.89ᵃ
	5.57 ± 0.75ᵃ
	0.03
	0.974
	NS

	Sodium (mmol/L)
	135.65 ± 4.87ᵃ
	135.38 ± 4.31ᵃ
	136.53 ± 5.93ᵃ
	0.42
	0.656
	NS

	Potassium (mmol/L)
	5.38 ± 0.99ᵃ
	5.15 ± 0.94ᵃ
	5.66 ± 0.98ᵃ
	2.07
	0.132
	NS

	Chloride (mmol/L)
	104.12 ± 4.72ᵃ
	105.38 ± 5.20ᵃ
	101.94 ± 5.80ᵇ
	3.28
	0.043
	SS

	Bicarbonate (mmol/L)
	24.16 ± 1.71ᵃ
	24.11 ± 1.70ᵃ
	24.25 ± 1.68ᵃ
	0.05
	0.951
	NS

	Uric Acid (mmol/L)
	7.33 ± 0.36ᵃ
	7.34 ± 0.42ᵃ
	7.29 ± 0.42ᵃ
	0.16
	0.853
	NS

	Uric Acid/Creatinine Ratio
	101.03 ± 16.47ᵃ
	102.74 ± 15.28ᵃ
	93.22 ± 18.24ᵃ
	2.77
	0.068
	NS

	Urea/Creatinine Ratio
	76.70 ± 18.94ᵃ
	77.57 ± 18.12ᵃ
	71.59 ± 17.88ᵃ
	0.93
	0.397
	NS


Note: Means with different superscripts (a, b) differ significantly (p < 0.05)

[bookmark: _z7iy99xbm8vu][bookmark: _z7iy99xbm8vu]
[bookmark: _egcpxyploz89]Table 4: Comparison of Parameters Across Age Groups of Pregnant Women
	Parameter
	18–27 yrs (n=19)
	28–37 yrs (n=43)
	38–47 yrs (n=28)
	F-value
	p-value
	Remark

	Creatinine (µmol/L)
	80.47 ± 10.09ᵃ
	73.68 ± 10.52ᵃ
	76.08 ± 14.71ᵃ
	2.15
	0.122
	NS

	Urea (mmol/L)
	5.45 ± 0.95ᵃ
	5.54 ± 0.88ᵃ
	5.61 ± 0.80ᵃ
	0.17
	0.845
	NS

	Sodium (mmol/L)
	135.77 ± 5.09ᵃ
	136.01 ± 4.89ᵃ
	135.68 ± 5.42ᵃ
	0.04
	0.962
	NS

	Potassium (mmol/L)
	5.88 ± 1.05ᵃ
	5.34 ± 0.91ᵃᵇ
	5.14 ± 0.97ᵇ
	3.58
	0.032
	SS

	Chloride (mmol/L)
	102.84 ± 5.85ᵃ
	104.31 ± 4.80ᵃ
	103.71 ± 6.00ᵃ
	0.49
	0.614
	NS

	Bicarbonate (mmol/L)
	23.74 ± 1.64ᵃ
	24.23 ± 1.69ᵃ
	24.38 ± 1.70ᵃ
	0.88
	0.418
	NS

	Uric Acid (mmol/L)
	7.36 ± 0.41ᵃ
	7.31 ± 0.40ᵃ
	7.30 ± 0.39ᵃ
	0.14
	0.866
	NS

	Uric Acid/Creatinine Ratio
	93.04 ± 14.23ᵃ
	101.28 ± 15.87ᵃ
	99.53 ± 19.90ᵃ
	1.58
	0.212
	NS

	Urea/Creatinine Ratio
	69.52 ± 18.55ᵃ
	76.78 ± 16.39ᵃ
	76.90 ± 20.68ᵃ
	1.20
	0.306
	NS







