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Background
Monitoring renal function is a vital part of
kidney research involving rats. Measuring
GFR by administration of exogenous
filtration markers (e.g. inulin) is the gold
standard but is laborious and does not allow
serial measurements. Plasma creatinine
and/or urea are often used as a surrogate,
but their correlation with GFR in rats has not
been investigated.

Aim
To develop an equation to estimate GFR
in rats based on endogenous filtration
markers (creatinine, urea, and cystatin C)
and rat characteristics (body weight, sex
and strain).

Methods
• Dataset: 753 rat experiments performed in

the UMC Utrecht in the last 8 years with GFR
measurement (inulin clearance, mGFR).

• Extracted data: inulin clearance, plasma
creatinine, plasma urea, body weight, sex,
strain (Lewis, Fawn-Hooded, Sprague-Dawley,
Wistar).

• Development/validation: temporal divide
into development (n=469) and validation
(n=284) datasets based on time when
research was performed (validation = older).

• Imputation: Missing variables were imputed
using the Multiple Imputation by Chained
Equations (MICE) algorithm .

• Splines: linear splines with 1 knot were
considered for every dependent variable.

• Equation building: ordinary least-squares
regression. Continuous variables were
transformed using the natural logarithm to
either account for the first-order elimination
of filtration markers or homogenize residuals.

• Variable selection and parameters
estimates: backward step-wise selection and
10-fold cross-validation based on average
cross-validated Root Mean Squared Error
(RMSE).

• Equation evaluation: Mean Prediction Error
(MPE), R2-value, RMSE, number of predictions
that fell within 30% of outcome (p30)

• Plasma cystatin C: measured in stored
plasma samples of a random subset (n=242)
to test added value to model.

Conclusion
We are the first to develop and validate
an equation which accurately estimates
GFR in several rat strains from body
weight, plasma creatinine and plasma
urea.

This equation enables non-terminal
repeated measurements of GFR in rats,
which is less labor intensive and less
invasive and may potentially reduce the
required number of animals.
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Results
• All variables correlated with mGFR in

development cohort: weight, R2=0.043;
creatinine, R2=0.755; urea, R2=0.575; all
p<0.001. Relationship between creatinine
and mGFR was best estimated with piece-
wise linear spline (knot at 47 µmol/L).

• Three variables included in equation:
weight, creatinine, and urea

• Evaluation in development cohort
yielded high accuracy: MPE=70µL/min,
R2=0.792, RMSE=541µL/min, p30=70%.

• Similar accuracy in validation cohort:
MPE= -69µL/min, R2=0.856, RMSE=
536µL/min, p30=65%.

• Plasma Cystatin C did not add
predictive power: although plasma
cystatin C correlated with mGFR
(R2=0.242,p<0.001), it did not add
predictive power (R2-change=0.0004,
p=0.64). Cystatin C was therefore not
measured in the rest of the rat samples
and not included in the model.

Correlation of filtration markers with GFR in total cohort

Equation development and performance

Creatinine  Equation  

<47      𝒆𝑮𝑭𝑹 = 𝟏𝟐𝟑𝟔 ∗𝑾𝟎.𝟓𝟓𝟗 ∗ 𝑪−𝟎.𝟓𝟕𝟗 ∗ 𝑼−𝟎.𝟐𝟗𝟏 

≥47       𝒆𝑮𝑭𝑹= 𝟐𝟎𝟑𝟖𝟐∗𝑾𝟎.𝟓𝟓𝟗 ∗ 𝑪−𝟏.𝟑𝟎𝟕 ∗𝑼−𝟎.𝟐𝟗𝟏 

Performance 
Development  

(n=469) 
Validation 
(n=284) 

MPE 70 -69 
R2 0.792 0.856 
RMSE 541 536 
p30 70 65 
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