STROBE Statement—Checklist of items that should be included in reports of cross-sectional studies 

	
	Item No
	

	Title and abstract
	1
	Cystatin-C versus Creatinine-Based eGFR in Bardet-Biedl Syndrome: Implications for Chronic Kidney Disease Detection

	
	
	Background: Bardet–Biedl syndrome (BBS) is a rare multisystem ciliopathy with significant kidney involvement. Reliance on serum creatinine for estimating glomerular filtration rate (GFR) may underestimate impairment for children with reduced muscle mass or obesity. Cystatin-C is an alternative marker less affected by muscle mass, but its role in BBS surveillance remains under-explored.

Methods: This retrospective cross-sectional study included 87 genetically confirmed pediatric BBS patients from the National BBS Service in London. Paired creatinine(sCr-eGFR) and cystatin-C-based eGFR (cys-C-eGFR) were calculated using the CKiD-U25 calculator. CKD staging differences were compared using Wilcoxon signed-rank and Spearman correlation tests (p < 0.05).

Results: Participants had a median age of 12.87 years and a median BMI of  27.22 kg/m2. The median sCr-eGFR was 100.7 ml/min/1.73 m² versus 79.7 ml/min/1.73 m² for cys-C-eGFR, with a modest correlation between methods (r = 0.45). Using cystatin C-based equations, 43.7% of patients were classified into a higher CKD stage compared to creatinine-based estimates (p < 0.001). Female sex was significantly associated with greater reclassification to a higher stage (56.6% of females vs. 29.3% of males, p < 0.05). No significant difference in classification was observed across BMI percentiles or genotype subgroups.

Conclusion: Reliance on serum creatinine alone may underestimate kidney impairment in BBS, especially in females. Cystatin-C appears to identify more patients with reduced eGFR. Routine use could improve early detection, guide timely intervention and inform surveillance. Further prospective studies with measured GFR are needed to validate these findings.

	Introduction

	Background/rationale
	2
	Kidney disease is a major cause of morbidity in Bardet–Biedl syndrome (BBS), making accurate assessment of kidney function essential. However, creatinine-based eGFR may be unreliable in BBS due to altered body composition. Cystatin C has been proposed as an alternative filtration marker, but its performance in BBS has not been systematically evaluated.

	Objectives
	3
	This study aimed to compare creatinine-based and cystatin C-based estimated GFR in children with BBS and to evaluate the extent of discordance in CKD classifications between the two methods. A secondary goal was to explore how patient characteristics (e.g., age, BMI, genotype) affect differences between methods. By doing so, we seek to evaluate whether cystatin C can offer a more reliable tool for monitoring kidney function in this complex patient population, where early detection of kidney function decline is critical for guiding management and improving long-term outcomes.

	Methods

	Study design
	4
	This retrospective cross-sectional study of a national cohort compared estimated glomerular filtration rate (eGFR) calculated using serum creatinine- and cystatin C-based equations in patients with Bardet–Biedl syndrome.

	Setting
	5
	The study was conducted at the National Bardet–Biedl Syndrome Service based at Great Ormond Street Hospital for Children, London, UK. Patients whose most recent routine clinic visit occurred between January 2023 and March 2025 were included, and clinical and laboratory data from these visits were retrospectively extracted from electronic medical records.

	Participants
	6
	Eligible participants were all patients with Bardet–Biedl syndrome attending the National BBS Service who had paired serum creatinine and cystatin C measurements obtained during the same routine clinic visit, together with complete demographic and clinical data. Patients with incomplete records or missing key measurements were excluded.

	Variables
	7
	Primary outcome: difference between serum creatinine-based eGFR (sCr-eGFR) and cystatin C-based eGFR (cysC-eGFR), and resulting CKD stage classification.

Predictor variables: age, sex, ethnicity, genotype, height, weight, body mass index, serum urea, serum creatinine, and serum cystatin C.

Because of the observational nature of the study, no exposures were investigated.

	Data sources/ measurement
	8*
	 Clinical, demographic, anthropometric, biochemical and genetic data were extracted from the electronic medical record. Serum creatinine and cystatin C measurements were obtained during the same routine clinic visit. Estimated GFR was calculated using the CKiD U25 equations for both biomarkers, ensuring direct comparison within each participant.

	Bias
	9
	To minimise measurement bias, only paired serum creatinine and cystatin C measurements obtained during the same routine outpatient visit were analysed. Patients assessed during acute illness and those with incomplete datasets were excluded.

	Study size
	10
	No formal sample size calculation was performed. All eligible patients attending the National BBS Service during the study period who fulfilled the inclusion criteria were included.

	Quantitative variables
	11
	Continuous variables were summarised as median and range because data were not normally distributed. Estimated GFR values were analysed as continuous variables and CKD stage categories according to standard KDIGO thresholds.

	Statistical methods
	12
	Continuous variables were summarised as median and range. The Wilcoxon signed-rank test was used to compare paired serum creatinine- and cystatin C-based eGFR values, and Spearman's rank correlation coefficient was used to assess associations between clinical variables and differences in eGFR estimates. Statistical analyses were performed using GraphPad Prism version 10.3, with statistical significance defined as p < 0.05. No multivariable analyses were performed to adjust for confounding, as the primary objective was a within-subject comparison of paired eGFR measurements.

	
	
	Subgroup analyses were performed, using the same statistical methods (Wilcoxon signed-rank test and Spearman's rank correlation coefficient) where appropriate. No formal interaction analyses were performed.

	
	
	Participants with missing key demographic or laboratory variables were excluded from the analysis; therefore, no imputation of missing data was performed.

	
	
	Not applicable. The study included all eligible patients attending the national referral service during the study period.

	
	
	No sensitivity analyses were performed.

	Results

	Participants
	13*
	A total of 108 patients were assessed for eligibility from the National Bardet–Biedl Syndrome Service cohort. Of these, 87 met the inclusion criteria and were included in the analysis.

	
	
	Twenty-one patients were excluded because of missing paired serum creatinine and cystatin C measurements and/or incomplete demographic or clinical data.

	Descriptive data
	14*
	(The study included 87 children with Bardet–Biedl syndrome (52.9% female; median age 12.87 years). Demographic characteristics (sex, ethnicity), anthropometric measurements (BMI), biochemical parameters (serum urea, creatinine, cystatin C), and genotype distribution were reported. Sex and BMI were further evaluated as potential factors associated with differences between creatinine- and cystatin C-based eGFR estimates.

	
	
	No missing data were included in the final analysis. Participants with incomplete demographic or laboratory data were excluded before analysis.

	Outcome data
	15*
	Median serum urea, serum creatinine, serum cystatin C, serum creatinine-based eGFR, cystatin C-based eGFR, and the median difference between eGFR estimates were reported. CKD stage classification according to both equations was also presented, with 38 (43.7%) participants reclassified to a higher CKD stage, 5 (5.7%) to a lower stage, and 44 (50.6%) remaining unchanged when cystatin C-based eGFR was used.

	Main results
	16
	Unadjusted comparisons between creatinine- and cystatin C-based eGFR estimates were performed using the Wilcoxon signed-rank test, and associations were assessed using Spearman's rank correlation coefficient. The correlation coefficient was reported with its 95% confidence interval (r = 0.45, 95% CI 0.25–0.61). No adjusted analyses were performed because the study objective was to compare paired eGFR estimates within individuals.

	
	
	CKD stage was classified according to standard eGFR categories. BMI was additionally analysed using percentile categories.

	
	
	Not applicable. The study was cross-sectional and did not estimate relative risks or incidence over time.

	Other analyses
	17
	Subgroup analyses were performed according to sex, BMI percentile, and genotype. Differences in CKD classification between creatinine- and cystatin C-based equations were assessed across these subgroups. No interaction or sensitivity analyses were performed.

	Discussion

	Key results
	18
	The study aimed to compare creatinine- and cystatin C-based eGFR estimates in children with Bardet–Biedl syndrome. Cystatin C-based eGFR values were significantly lower than creatinine-based estimates, and 43.7% of participants were reclassified to a higher CKD stage. Agreement between the two methods was modest, and reclassification was more frequent in females.

	Limitations
	19
	The main limitations were the retrospective cross-sectional design, exclusion of patients without paired creatinine and cystatin C measurements, and absence of measured GFR as a reference standard. Excluding patients with incomplete data may have introduced selection bias if those excluded differed systematically in disease severity or clinical characteristics. Because cystatin C may be influenced by obesity, inflammation, corticosteroid exposure, thyroid function, and other non-GFR factors, lower cystatin C-based eGFR may not necessarily indicate more accurate detection of kidney impairment. The relatively small numbers within genotype and BMI subgroups also reduced statistical precision and limited the ability to detect true associations.

	Interpretation
	20
	The findings demonstrate substantial discordance between creatinine- and cystatin C-based eGFR in children with BBS and suggest that reliance on creatinine alone may lead to different CKD classification, particularly in females. However, because measured GFR was unavailable, the study cannot establish that cystatin C is more accurate or that reclassification represents true underestimation by creatinine rather than underestimation by cystatin C. The subgroup findings should also be interpreted cautiously because of multiple comparisons and small sample sizes. Overall, the results support using cystatin C as a complementary marker rather than replacing creatinine, with future validation against measured GFR required.

	Generalisability
	21
	The findings are most applicable to paediatric patients with genetically confirmed BBS receiving specialist follow-up in a national referral service. Generalisability to adults, patients with milder phenotypes, non-specialist settings, or populations with different ethnic, genetic, and body-composition profiles may be limited. Nevertheless, the results may also be relevant to other syndromic or ciliopathy populations characterised by obesity, hypotonia, and reduced lean muscle mass.

	Other information

	Funding
	22
	This study received no external funding


*Give information separately for exposed and unexposed groups.

Note: An Explanation and Elaboration article discusses each checklist item and gives methodological background and published examples of transparent reporting. The STROBE checklist is best used in conjunction with this article (freely available on the Web sites of PLoS Medicine at http://www.plosmedicine.org/, Annals of Internal Medicine at http://www.annals.org/, and Epidemiology at http://www.epidem.com/). Information on the STROBE Initiative is available at www.strobe-statement.org.
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