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					Abstract  

					Background: Preeclampsia is a major cause of maternal and foetal morbidity worldwide, often accompanied  

					by renal dysfunction. Traditional markers such as serum creatinine have limited sensitivity in pregnancy.  

					Cystatin C and uric acid have emerged as potential alternative biomarkers; however, comparative data from  

					sub-Saharan Africa remain scarce. The study aimed to evaluate and compare the diagnostic performance of  

					serum cystatin C, uric acid, and creatinine as renal function biomarkers in preeclamptic women in Zaria,  

					Nigeria.  

					Methods: A cross-sectional comparative study was conducted at Ahmadu Bello University Teaching  

					Hospital involving 135 preeclamptic women and 135 healthy pregnant controls (>20 weeks gestation). Serum  

					cystatin C concentrations was measured using ELISA, while uric acid and creatinine were determined using  

					an automated chemistry analyser. Data were analysed using SPSS 25.0 and MedCalc software. Group  

					comparisons were performed using independent t-tests or appropriate non-parametric equivalents. Pearson's  

					correlation was used to assess inter-biomarker relationships. Receiver operating characteristic (ROC)  

					analysiswas usedtoevaluatediagnosticperformance.  

					Results: Mean serum cystatin C (1.49 ± 0.35 mg/L), uric acid (282.39 ± 108.92 µmol/L), and median  

					creatinine [82.30 µmol/L(IQR: 96.0)] were significantly higher in preeclamptic women compared to controls  

					(all p < 0.001). Cystatin C demonstrated the highest diagnostic accuracy (AUC 0.953, sensitivity 99.2%,  

					specificity 73.0%), followed by uric acid (AUC 0.891, sensitivity 73.3%, specificity 96.3%). Creatinine  

					showed the lowest diagnostic value (AUC 0.665). Positive correlations were observed, strongest between  

					cystatin C and uric acid (r = 0.397, p < 0.001), suggesting shared pathophysiological pathways involving  

					glomerulardysfunctionandendothelialinjury.  

					Conclusion: Cystatin C is a highly sensitive biomarker for detecting renal dysfunction in preeclampsia,  

					outperforming uric acid and creatinine. Uric acid's high specificity supports its adjunctive use, while  

					creatinine remains less reliable for early detection. A multi-marker approach may enhance diagnostic  

					accuracyandimprovematernalcareinresource-limitedsettings.  

					Keywords:Preeclampsia, CystatinC, Uricacid, Creatinine, Renalfunction, Zaria, Nigeria.  

					Corresponding Author  

					Introduction  

					Preeclampsia is a pregnancy-specific disorder characterized by  
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					hypertension and proteinuria, affecting approximately 3–8% of pregnancies  

					worldwide. Its pathophysiology remains incompletely understood, but it is  

					associated with significant maternal and fetal morbidity and mortality.  

					Renal dysfunction is a common complication of preeclampsia, making it  

					necessarytofindreliablebiomarkersfor earlydetectionandmanagement.1  
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					Traditional renal function markers, such as serum creatinine, have  

					limitations during pregnancy due to factors like altered muscle mass and  

					renal hemodynamics. Cystatin C, a low molecular weight protein, has  

					emerged as a promising alternative biomarker. Studies have demonstrated  

					that serum cystatin C levels are elevated in preeclamptic women compared  

					to healthy controls, suggesting its potential as an early indicator of renal  

					impairmentinthispopulation.2  
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					pathogenesis of preeclampsia. Elevated uric acid levels number:ABUTHZ/HREC/F89/2023).  

					have been associated with increased risk of adverse  

					maternal and fetal outcomes. However, its role as a Data were analysed using IBM SPSS Statistics version  

					biomarker for renal dysfunction in preeclampsia is less 25.0 (IBM Corp., Armonk, NY, USA), MedCalc  

					established.3  

					(MedCalc Software Ltd, Ostend, Belgium), and  

					Microsoft Excel (Microsoft Corporation, Redmond,  

					Comparative studies evaluating cystatin C, creatinine, WA, USA). Qualitative variables were expressed as  

					and uric acid levels in preeclamptic patients are limited, frequencies and percentages. Normality of quantitative  

					particularly in sub-SaharanAfrica. In Nigeria, research data was tested using the Kolmogorov–Smirnov test.  

					has focused on biochemical assessments of renal Normally distributed variables were expressed as mean  

					function in preeclamptic women, highlighting the need ± standard deviation (SD), while non-normally  

					forregion-specificdata.4  

					distributed variables were expressed as median  

					(interquartile range, IQR). Serum cystatin C, uric acid,  

					This study aims to evaluate and compare the efficacy of and creatinine obtained from the patients were  

					cystatin C, creatinine, and uric acid as biomarkers of compared with those of the controls using the two-  

					renal function in preeclamptic women in Zaria, tailed Student's t-test. Pearson's correlation coefficient  

					Nigeria. By analyzing these biomarkers, the research was applied to analyse the correlation between cystatin  

					seeks to provide locally relevant insights into their C, creatinine, and uric Acid. A p-value ≤0.05 was  

					diagnostic value, potentially informing clinical consideredstatisticallysignificant.  

					practices and improving maternal care in regions  

					affectedby preeclampsia.5  

					Results  

					The socio-demographic profile of the 135 preeclamptic  

					women and 135 healthy pregnant controls is  

					Methodology  

					The study was a cross-sectional comparative design summarized in Table 1. The mean age of preeclamptic  

					involving 270 participants. comprising 135 apparently participants was 28.22 ± 6.66 years, compared to 29.25  

					healthy pregnant women and 135 pre-eclamptic ± 5.86 years in the control group, this difference was  

					participants. The pre-eclamptic participants were not statistically significant (p = 0.165). Age group  

					recruited from the ante-natal clinic and labour ward of distributions were comparable between the two groups,  

					the Department of Obstetrics and Gynaecology, with the 25–29 age bracket being the most represented  

					Ahmadu Bello University Teaching Hospital in both cohorts (29.6% in preeclamptic women vs.  

					(ABUTH), based on the World Health Organization 31.9% in controls). No statistically significant  

					(WHO) definition of pre-eclampsia (proteinuria ≥1+ differences were observed across age groups (p > 0.05  

					on dipstick or ≥300 mg in 24-hour urine, blood pressure for all). In contrast, educational attainment showed a  

					≥140 mmHg systolic and/or ≥90 mmHg diastolic after statistically significant difference between the groups  

					20 weeks of gestation). The apparently healthy (p < 0.001).Ahigher proportion of healthy controls had  

					pregnant participants were also recruited from the ante- attained tertiary education (73.3%), compared to the  

					natal clinic and labour ward of the Department of preeclamptic group (54.1%). Conversely, pre-  

					Obstetrics and Gynaecology, ABUTH, at gestational eclamptic women were more likely to have attained  

					ages beyond 20 weeks. The study utilized an only primary or secondary education, or to have had no  

					interviewer-administered comprehensive formaleducationatall.  

					questionnaire to obtain socio-demographic, clinical,  

					and obstetric information. Blood pressure As shown in Table 2, all three biochemical  

					measurements were taken, and 5 mL of venous blood markers—serum cystatin C, uric acid, and  

					samples were obtained in plain bottles for analysis. creatinine—were significantly elevated in  

					Sera were obtained following centrifugation and were preeclamptic participants compared to healthy  

					stored at -80°C until further analysis. A urine sample controls. The mean serum cystatin C level in the  

					was collected to evaluate for proteinuria. Analysis for preeclamptic group was 1.49 ± 0.35 mg/L, significantly  

					serum cystatin C was carried out using a human higher than 0.74 ± 0.24 mg/L observed in the control  

					cystatin C ELISA kit (Elabscience, Ostend, Belgium) group (p < 0.001). Similarly, mean serum uric acid  

					according to the manufacturer's instructions. Serum levels were markedly elevated in preeclamptic women  

					uric acid and creatinine analyses were performed on a (282.39 ± 108.92 µmol/L) compared to controls  

					bench-top fully automated analyser (Selectra Pro M, (148.83 ± 65.0 µmol/L), with a statistically significant  

					ELITechGroup Clinical Systems, Spankeren, The difference (p < 0.001). Median serum creatinine levels  

					Netherlands) according to the manufacturer's were also significantly higher in the preeclamptic  

					instructions.” Analyses were done in batches, and sera group [82.30 µmol/L (IQR: 96.0)] than in the controls  

					were thawed only once to prevent protein degredation. [57.90 µmol/L(IQR: 37.9)] (p < 0.001). These findings  

					Ethical clearance was obtained from the Health suggest that renal function is significantly altered in  

					Research Ethics Committee of ABUTH (Reference preeclampsia, as indicated by elevated levels of these  
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					Table 1: Socio-demographic characteristics of Preeclamptic participants and Healthy Controls  

					Variable  

					Preeclamptic women  

					N=135  

					Controls  

					N=135  

					P-value  

					Age (mean ± SD)  

					Age group (years)  

					15 – 19  

					20 – 24  

					25 -29  

					28.22 ± 6.66  

					29.25 ± 5.86  

					0.165  

					16 (11.9%)  

					22 (16.3%)  

					40 (29.6%)  

					28 (20.7%)  

					29 (21.5%)  

					3 (2.2%)  

					0.231  

					0.231  

					0.231  

					0.231  

					0.231  

					26 (19.3%)  

					43 (31.9%)  

					33 (24.4%)  

					30 (22.2%)  

					30 -34  

					> 35  

					Highest level of education  

					No formal education  

					Primary  

					Secondary  

					Tertiary  

					8 (5.9%)  

					8 (5.9%)  

					5 (3.7%)  

					23 (17.0%)  

					99 (73.3%)  

					< 0.001  

					< 0.001  

					< 0.001  

					< 0.001  

					13 (9.6%)  

					41 (30.4%)  

					73 (54.1%)  

					Table 2: Serum cystatin C, creatinine and uric acid amongst the study population  

					Variable  

					Preeclamptic patients  

					n=135  

					Controls  

					n=135  

					p-value  

					Serum cystatin C (mg/L) Mean ± SD  

					Serum uric acid (µmol/L) Mean ± SD  

					Serum creatinine (µmol/L) Median (IQR)  

					1.49 ± 0.35  

					282.39 ± 108.92  

					82.30 (96.0)  

					0.74 ± 0.24  

					148.83 ± 65.0  

					57.90 (37.9)  

					< 0.001  

					< 0.001  

					< 0.001  

					Table 3. Summary of c orrelation between serum creatinine, uric acid and cystatin C among  

					preeclamptic patients  

					Parameters  

					r-value  

					0.186  

					0.397  

					0.171  

					p-value  

					0.043  

					<0.001  

					0.005  

					Uric acid / creatinine  

					Uric acid / cystatin C  

					Creatinine / cystatin C  

					Table 4: Summary of diagnostic performance  

					AUC  

					0.953  

					0.891  

					0.665  

					Specificity  

					Sensitivity  

					Criterion  

					1.0  

					220  

					Cystatin C  

					Uric acid  

					Creatinine  

					73.0  

					96.3  

					76.3  

					99.2  

					73.3  

					54.8  

					76.7  

					biomarkers.  

					The diagnostic utility of cystatin C, uric acid, and  

					creatinine in detecting preeclampsia is summarized in  

					Table 3 presents the correlation coefficients among the Table 4. Serum cystatin C demonstrated excellent  

					renal biomarkers in the pre-eclamptic cohort. A diagnostic performance, with an area under the curve  

					statistically significant but weak positive correlation (AUC) of 0.953, sensitivity of 99.2%, and specificity of  

					was observed between serum uric acid and creatinine 73.0% at a cut-off value of 1.0 mg/L. Uric acid also  

					levels (r = 0.186, p = 0.043). A stronger positive performed well, yielding an AUC of 0.891, with high  

					correlation was found between uric acid and cystatin C specificity (96.3%), but lower sensitivity (73.3%) at a  

					(r = 0.397, p < 0.001), suggesting a closer relationship threshold of 220 µmol/L. In contrast, creatinine  

					between these two markers in the pathophysiology of showed limited diagnostic performance, with an AUC  

					pre-eclampsia. Serum creatinine also correlated of 0.665, specificity of 76.3%, and sensitivity of 54.8%  

					positively with cystatin C (r = 0.171, p = 0.005), though at a cut-off of 76.7 µmol/L. These findings indicate that  

					the correlation was weak. These associations support cystatin C is a highly sensitive and reasonably specific  

					the use of multiple renal markers for evaluating renal biomarker for preeclampsia, outperforming both uric  

					impairmentinpreeclampticpatients.  

					acid and creatinine. Uric acid, while less sensitive, may  

					serve as a helpful adjunct marker due to its high  
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					specificity.  

					The significant elevation of serum cystatin C in the  

					preeclamptic group supports its potential as a sensitive  

					Discussion  

					The mean age of the pre-eclamptic women (28.22 ± marker of early renal dysfunction in pregnancy.  

					6.66 years) was not significantly different from that of Cystatin C is produced by all nucleated cells at a  

					the controls (29.25 ± 5.86 years; p = 0.165), indicating constant rate and freely filtered by the glomerulus,  

					that both groups were well matched for age. This making it less susceptible to confounding factors such  

					finding aligns with previous studies showing that pre- as muscle mass and diet, which limit the reliability of  

					eclampsia can occur across the reproductive age creatinine during pregnancy. Similar elevations in  

					spectrum, though with increased risk in both very cystatin C among pre-eclamptic women have been  

					young and older mothers.6 The age group distribution in reported in previous studies conducted in both high-  

					this study further reflects this pattern, with the highest income and low-income settings.1,2 For instance, a  

					proportion of cases occurring in women aged 25–29 systematic review by Smith et al. confirmed cystatin  

					years (29.6%) and 30–34 years (20.7%). These age C's superiority over creatinine for early detection of  

					brackets are consistent with the peak reproductive renal dysfunction in pregnancy-related hypertensive  

					years in Nigeria and are consistent with findings from disorders.3 The high sensitivity (99.2%) and AUC  

					similarstudiesinsub-SaharanAfrica.7  

					(0.953) observed in our study align with these reports  

					and suggest that cystatin C may be a valuable tool for  

					The distribution of participants across age categories routine screening in antenatal care, especially in  

					did not differ significantly between groups (p = 0.231), resource-constrainedsettings.  

					suggesting that age was unlikely to be a significant  

					confounding factor in the observed differences in renal The rise in serum uric acid levels among preeclamptic  

					biomarkers. This strengthens the internal validity of the women, as observed in this study, is consistent with  

					4,5  

					biomarkercomparisonsintheprimaryanalysis.  

					findings from several previous studies. Uric acid  

					elevation in preeclampsia is thought to result from  

					Educational attainment showed a statistically decreased renal clearance, oxidative stress, and  

					significant difference between groups (p < 0.001). A increased xanthine oxidase activity, which contributes  

					higher proportion of preeclamptic women had only to endothelial dysfunction and inflammation.9  

					secondary education (30.4%) compared to controls Although its sensitivity (73.3%) was lower than that of  

					(17.0%), while a greater proportion of controls attained cystatin C, its high specificity (96.3%) suggests that  

					tertiary education (73.3% vs. 54.1% in cases). Lower uric acid may be useful in confirming a diagnosis rather  

					educational level is often associated with reduced than for screening. This is particularly relevant in low-  

					health literacy, limited access to antenatal care, and resource settings where cost-effective tests are  

					delayed recognition of pre-eclampsia symptoms.8 essential. Our findings support the conclusions of  

					These socio-demographic disparities may contribute to Ezeani et al, who observed similar uric acid patterns  

					the severity and outcomes of pre-eclampsia, as and highlighted its value as a prognostic rather than a  

					previously documented in studies from northern diagnosticbiomarker.10  

					Nigeria7 andotherLMICsettings.8  

					Serum creatinine, while still significantly elevated in  

					The similar proportion of women without formal preeclamptic women in this study, demonstrated the  

					education in both groups (5.9%) suggests that extreme lowest diagnostic performance (AUC = 0.665,  

					educational disadvantage was not a differentiating sensitivity = 54.8%). This finding aligns with prior  

					factor. However, the overall lower tertiary education literature indicating that serum creatinine lacks  

					rate among preeclamptic women may reflect sensitivity in detecting early renal impairment during  

					underlying socioeconomic inequalities, which could pregnancy due to the physiological hyperfiltration state  

					indirectly influence pregnancy outcomes and renal and increased renal plasma flow that reduces serum  

					function parameters through modifiable factors such as creatinine levels in normal pregnancy.11 Moreover,  

					nutrition, healthcare access, and health-seeking creatinine production is influenced by muscle mass,  

					behaviour.7,8  

					which can vary significantly among individuals,  

					further limiting its reliability.12 Nonetheless, its  

					This study evaluated and compared the diagnostic elevation in preeclampsia remains clinically relevant,  

					efficacy of serum cystatin C, uric acid, and creatinine as as it may signal more advanced renal impairment or  

					biomarkers of renal function in preeclamptic women in worsening diseaseseverity.  

					Zaria, Nigeria. The findings show that all three  

					biomarkers were significantly elevated in pre- The positive correlations observed among the  

					eclamptic participants compared to healthy pregnant biomarkers, particularly between cystatin C and uric  

					controls, with cystatin C demonstrating the highest acid (r = 0.397, p < 0.001), suggest a shared  

					diagnosticaccuracy.  

					pathophysiological mechanism possibly related to  
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					glomerular dysfunction, endothelial injury, and  

					reduced renal clearance. Similar associations have  

					been reported in other studies. Thilaganathan et al. and  

					others found that elevated serum uric acid and cystatin  

					C levels in preeclamptic women were both  

					significantly associated with impaired glomerular  

					filtration rate and increased endothelial activation;  

					supporting their combined utility in disease  

					monitoring.14,15 Odutayo et al. demonstrated that  

					cystatin C levels rose earlier than serum creatinine and  

					strongly correlated with uric acid concentrations,  

					suggesting a common mechanism involving decreased  

					renal clearance and heightened inflammatory  

					response.16,17  

					Preeclampsia Prevalence , Risk Factors , and  

					Pregnancy Outcomes in Sweden and China. JAMA  

					NetwOpen. 2021;4(5):1–14.  

					2. Wagner LK. Diagnosis and Management of  

					P r e e c l a m p s i a . A m F a m P h y s i c i a n .  

					2004;70(12):2317–2324.  

					3. Bainbridge SA, Roberts JM. Uric Acid as a  

					Pathogenic Factor in Preeclampsia. Placenta.  

					2012; 29(412):1–9.  

					4. Yakasai IA, Morhason-bello IO. Risk fasctors for  

					pre-eclampsia among women at ante-natal booking  

					in Kano, Northern Nigeria. Heal care low Resour  

					settings. 2013;1(12):46–49.  

					5. Niraula A, Lamsal M, Baral N, Majhi S, Khan SA,  

					Basnet P, et al. Cystatin-C as a Marker for Renal  

					Impairment in Preeclampsia. J Biomarkers.  

					2017;20(17):1–7.  

					6. Khan KS, Wojdyla D, Say L, GülmezogluAM, Van  

					Look PF. WHO analysis of causes of maternal  

					d e a t h : a s y s t e m a t i c r e v i e w. L a n c e t .  

					2006;367(9516):1066-74.  

					7. Oladapo OT, Adetoro OO, Ekele BA, Chama C,  

					Etuk SJ,AboyejiAP, et al. When getting there is not  

					enough: a nationwide cross-sectional study of 998  

					maternal deaths and 1451 near-misses in public  

					tertiary hospitals in a low-income country. BJOG.  

					2016;123(6):928-38.  

					Another Nigerian study by Bello et al. reported that  

					hyperuricemia and elevated cystatin C occurred  

					concurrently in severe preeclampsia and correlated  

					with disease severity, reinforcing their value as  

					complementary markers.18 Furthermore, a meta-  

					analysis by Zhou et al. concluded that panels including  

					cystatin C and uric acid provided higher diagnostic  

					accuracy for pre-eclampsia-related renal impairment  

					compared to individual biomarkers.1 9 These  

					associations emphasize the need for a panel-based  

					approach when assessing renal function in  

					preeclampsia, as reliance on a single biomarker may  

					notprovideacomprehensivepicture.20  

					8. Odetola TD. Health care utilization among rural  

					women of child-bearing age: a Nigerian  

					experience. PanAfrMedJ. 2015;20:151.  

					Conclusion  

					This study demonstrates that cystatin C is a superior  

					biomarker for detecting renal dysfunction in  

					preeclamptic women compared to uric acid and  

					creatinine. While uric acid showed excellent  

					specificity, its lower sensitivity limits its use in  

					isolation. Creatinine, though commonly used, remains  

					a less reliable early marker in this population. These  

					findings provide critical insights for improving  

					diagnostic strategies and highlight the importance of  

					context-specific data in guiding clinical decisions in  

					Nigeriaandotherlow-resourcesettings.  
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					Ginekol. 2018;24(3):84-85  
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					Limitations  

					This study includes a cross-sectional design, which  

					limits causal inferences. Additionally, only serum-  

					based biomarkers were evaluated, while other  

					indicators of renal function, such as microalbuminuria  

					or estimated glomerular filtration rate (eGFR), were  

					not assessed. Longitudinal studies could better  

					establish temporal relationships and predictive value  

					overthecourseofpregnancy.  
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