
Introduction
• Estimated glomerular filtration rate (eGFR) is a measure of kidney function commonly used as 

an outcome in clinical trials and real-world studies. 

• Estimating eGFR slope can be challenging due to high measurement variability.  Although linear 
models are commonly used, use of non-linear models has recently gained attention by providing 
more accurate estimates for such complex outcomes.
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Methods
• Using Clinical Practice Research Datalink AURUM data (2010-2019), patients with chronic kidney disease (CKD) (≥18 

years) defined as ≥2 serum creatinine measurements <60 ml/min/1.73m² 90 to 365 days apart were included in the 
analyses. 

• The index date was the second serum creatinine measurement date. eGFRs was calculated from serum creatinine 
values using the CKD-EPI Creatinine Equation (2021)1. Patients with ≥4 eGFR measurements over the 10-year study 
period with at least one year between the first and last tests were included. 

• eGFR slope was estimated using the following approaches2:

• Linear regression

• Theil/median-based linear regression(MBLM) 

• Quantile regression(RQ) with Tau = 0.5 

• Generalized additive models (GAM) 

• Locally Weighted Scatter-plot Smoother (LOESS) using nonparametric kernel regression with linear regression

Sed eu porttitor nisi odio 
faucibus vel dictum

Conclusions
Using data from CPRD Aurum, the LOESS model demonstrated high accuracy in eGFR slope 
estimation in CKD patients with ≥4 eGFR results based, outperforming linear and extended linear 
methods. 

LOESS regression could include covariates in the model, which are gradually used in complex 
biological outcomes4. This could be explored further in later study. 
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Objectives
This study aims to compare the statistical performance of linear and non-parametric models in estimating eGFR slope using real-
world data, with the goal of enhancing the precision of slope estimation in the chronic kidney disease (CKD) population.

Table 1. Summary of performance of slope estimates models  among 
~100,000 patients 

Model Full Name Results RMSEa NRMSE meanb Efron R2 CV Prcntc

Linear Regression*
Mean (SD) 4.96, 2.71 0.1, 0.05 0.32, 0.28 9.93, 5.49

Median 
(IQR)

4.51 
(3.1-6.31)

0.09  
(0.06-0.13)

0.26 
(0.07-0.53)

9.06 
(6.3-12.6)

Theil/Median 
Based Linear 
Regression*

Mean (SD) 6, 7.43 0.12, 0.16 -0.47, 31.85 12.08, 16.36

Median 
(IQR)

5.14 
(3.53-7.31)

0.1 
(0.07-0.14)

0.07 
(-0.14-0.39)

10.3 
(7.17-14.5)

Quantile 
Regression*

Mean (SD) 5.34, 2.95 0.11, 0.06 0.2, 0.36 10.68, 5.99

Median 
(IQR)

4.82
(3.34-6.74) 0.1(0.07-0.13) 0.15(-0.03-

0.46) 9.67(6.8-13.4)

Generalized 
additive model 

Mean (SD) 4.36, 2.54 0.09 ,0.05 0.44, 0.3 8.72, 5.10

Median 
(IQR)

3.99 (2.64-
5.66)

0.08 (0.05-
0.11)

0.43 (0.18-
0.69) 8.04 (5.38-11.2)

Locally-weighted 
polynomial 
regression (LOESS)

Mean (SD) 2.74, 2.38 0.06, 0.05 0.73, 0.26 5.53, 4.81

Median 
(IQR)

2.55 
(0.47-4.15)

0.05 
(0.01-0.08)

0.78 
(0.54-0.99)

5.27 
(0.92-8.38)

*Linear regression-based nonparametric methods, as linear extended models, can generate slopes in the results.
GAM and, especially LOESS regression provided better to good description of eGFR’s trends, but the model didn’t provide any 
formula or estimates.
aRoot Mean Squared Error
bMean of Normalized Root Mean Squared Error 
cPercentage of SD/Mean

Figure 1: Model Performance by number of eGFRs and data collection range

Results 

Summary
• Among ~100,000/99,999 patients from the CKD cohort with 1.3 million eGFR measures, mean and 

standard deviation(SD)) of two measures of eGFRs data per patient are as follows:

o The mean (SD) number of eGFR records was 13.25 (10.52) and the mean follow-up time for 
lab data collection range (in years) was 4.89 (2.40).

• The Pearson correlation coefficients of slope estimates by linear and extended models: 
o Linear vs. MBLM: 0.74. 
o Linear vs. Quantile Regression: 0.92
o MBLM vs. Quantile Regression: 0.70

• The model performance (Efron R² and RMSE) are presented in Table 1:

o The LOESS model (general span = 0.75) achieved the highest accuracy, with median Efron 
R²: 0.78 (IQR: 0.54–0.99) and mean RMSE: 2.74 (SD: 2.38).

o Comparative Efron R² values and RMSE for other models:
 Linear: 0.26 (IQR: 0.07–0.53), RMSE: 4.96 (SD: 2.71)
 GAM: 0.43 (IQR: 0.18–0.69), RMSE: 4.36 (SD: 2.54)
 MBLM: 0.07 (IQR: 0–0.39), RMSE: 6.00 (SD: 7.43)
 Quantile Regression: 0.15 (IQR: 0–0.46), RMSE: 5.34 (SD: 2.95)

• Efron R²  estimates show the highest Efron R² across different models when number of eGFRs 
is between 4-7 and collection date range within 2 to 4 years, which is matched to clinical 
observation (Figure 1) 

• Using per patient’s data, optimal LOESS span length could be assessed by cross validation3. 
Taking Patient A (with 34 eGFRs for 2.6 years) as example,  optimal LOESS span length is 0.3 
by 5-fold cross validation with the lowest RMSE value (Figure 2). 

• Using optimal LOESS model, the predicted eGFR at each time point was produced. And slopes 
at each time point were generated by Taylor-Series approximation method (Figure 3). 

• Overall, LOESS model with patient-specific tuning provides the best accuracy, though at a 
higher computational cost, especially in large datasets. 
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Figures 2 & 3:  Optimal LOESS model assessment and slopes set generation 
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