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Abstract

Global population aging necessitates accurate assessment of kidney function in individuals of extreme age (100 years and
older). The existing estimated glomerular filtration rate (eGFR) formulas — MDRD and CKD-EPI — have not been validated
in this age group, posing a risk of either overdiagnosis of chronic kidney disease (CKD) or underestimation of its true severity.

Aim: to determine the nature and magnitude of differences in eGFR values calculated using the BIS1, MDRD and CKD-
EPI formulas in female centenarians aged 100 years and older.

From a database of centenarian residents of the Chelyabinsk region, 45 records (women, age 100-108 years) were
selected. For each patient, eGFR values were calculated using three formulas (BIS1, MDRD, and CKD-EPI) based on serum
creatinine levels. Normality of distribution was tested using the Shapiro—Wilk test. Comparisons between datasets were
performed using Student's t-test. To analyze the frequencies of CKD stages, the x? test was used with Bonferroni correction for
multiple comparisons. Statistical processing was carried out in the Google Colab environment (Python, pandas, numpy, scipy
libraries).

Median eGFR (95% confidence interval) was: for BIS1 — 37.48 (35.24-40.79) mL/min/1.73 m? for MDRD — 53.73
(48.59-59.58); for CKD-EPI — 49.64 (44.71-54.82). BIS1 yields significantly lower values than MDRD and CKD-EPI
(p<0.001), whereas MDRD and CKD-EPI do not differ statistically (p=0.162). According to the CKD classification: BIS1
detects no patients in stage G2 (0% vs 35.6% for MDRD and 20.0% for CKD-EPI) and classifies 75.6% of patients into stage
G3b, compared to 20.0% for MDRD and 33.3% for CKD-EPI. After Bonferroni correction (a=0.00417), significant differences
persist for the comparisons BIS1 vs MDRD and BIS1 vs DPI for stages G2 and G3b.

In centenarian women, the BIS1 formula provides the most conservative, and likely more accurate, eGFR estimates
compared to MDRD and CKD-EPI, which systematically overestimate filtration function. For clinical practice in patients aged
100+ years, BIS1 is preferable; when BIS1 is not available, results from MDRD and CKD-EPI should be interpreted with
caution.

Keywords: glomerular filtration rate, centenarian women, BIS1, MDRD, CKD-EPI, chronic kidney disease, CKD stages.
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AHHOTanMs
[nobancHOEe cTapeHWe HacesieHHsi O0OYC/IOB/MBaeT HeOOXOAVMOCTb TOYHOW OLeHKM GYHKLUUA TI0YeK Y  JIUL]
3KCcTpeMasibHOro Bo3pacta (100 met u crapuie). CyliecTByroLpie pacuéTHble GOPMYIBI CKOPOCTH KIyOOUKOBOU (HIBTpaLM
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(CK®) — MDRD u CKD-EPI — He ObulM Ba/UJUpOBaHbl B [aHHOW BO3PAaCTHOW TIpyIie, UTO CO3JAET DHUCK
TUIMEepAUArHOCTUKYA XPOHUUeCKol 6osie3nu nouek (XBIT) niv HefIoO|eHKH eé CTUHHOMN TSDKeCTH.

Llens uccnefoBaHus: yCTaHOBUTL XapakTep U BeJWYMHY pas3IMuuil Mexny nokasaTtensmu CK®, paccumTaHHBIMU IO
tdhopmymnam BIS1, MDRD u CKD-EPI, y >KeHIUH-J0ATOXXUTETLHUL] B Bo3pacTte 100 jsieT u crapiie.

W3 6a3bl JaHHBIX CTOJIETHUX >KUTEIbHUL] YesisOnHCKoM 06/1acTi 0Tob6paHo 45 3amuceii (keHuHbI, Bo3pact 100-108 siet).
551 Kaxol MalyeHTKd Ha OCHOBAaHWM YPOBHSI KpeaTHMHWHA ChIBOPOTKU paccuuTtaHbl 3HaueHusi CK® mo Tpém dopmynam:
BIS1, MDRD u CKD-EPI. TlpoBepka HOpManbHOCTH paclipe/ie/ieHUs BbIIIOJHEHA C NOMOLIbI0 Kputepus Illannpo—Yuska.
CpaBHeHre HabOPOB JIaHHBIX TMPOBEJEHO C WCMO/b30BaHMeM t-kpuTepusi CTbrofeHTa. [Iyisi aHaymm3a uvactot craguii XBIT
MIPUMEHSIIA X2-TeCT C MOIpaBKod BoHdeppoHu /sl MHOXeCTBEHHbIX CcpaBHeHui. Cratuctuueckast 00paboTKa BbINOHEHA B
cpene Google Colab (Python, 6ubnuoreku pandas, numpy, scipy).

Menuana (95% pnoBeputenbHblii uHTepBan) CK® cocraBuma: ans BIS1 — 37,48 (35,24-40,79) mn/mun/1,73 m2;, pns
MDRD — 53,73 (48,59-59,58); mnss CKD-EPI — 49,64 (44,71-54,82). BIS1 pgaéT 3HaunMo Oojiee HU3KHE 3HAUEHUS TI0
cpaBHenunto ¢ MDRD u CKD-EPI (p<0,001), Torza xak MDRD u CKD-EPI craructryecku He pasnuuatorcs (p=0,162). ITo
knaccudukaiu XBIT: BIS1 He BbisBisieT nauyeHTOB B ctaaud G2 (0% mpotus 35,6% y MDRD u 20,0% y CKD-EPI) u
kinaccupunupyet 75,6% mnanuentoB B craguto G3b, torza kak MDRD — 20,0%, CKD-EPI — 33,3%. Ilocie nompaBku
Bondepponu (a=0,00417) 3HauuMble pa3iuuusi coxpaHstoTcst Asisi cpaBHeHud BIS1 vs MDRD u BIS1 vs DPI no cragusm G2
u G3b.

¥ KeHIIUH CTo/eTHero Bo3pacTa ¢opmyna BIS1 faét Hanbonee KOHCEPBATUBHBIE, HO, BEPOSITHO, OO/Iee TOUHBIE OLIEHKU
CK® mo cpaBueanto ¢ MDRD u CKD-EPI, koTopble CHCTeMaTW4eCKW 3aBLILAOT (QUIBTPAL[MOHHYI0 GYHKIUI0. s
KJIMHWYeCKOM MPaKTUKM y nauyeHToK 100+ jieT npenodTuTebHO Ucronb3oBaHre BIS1; npu ero HeOCTYTHOCTH pe3y/IbTaThl
MDRD u CKD-EPI criesyet uHTEprpeTpOoBaTh C 0CTOPOXXKHOCTBEO.

KimioueBble C/I0BA: CKOPOCTh K/TyOOUKOBOH (pUIBTpaliH, CTOMeTHHe eHIuHbl, BIS1, MDRD, CKD-EPI, XpoHuueckas
6ose3Hb ToUeK, craguu XBII.

Introduction

Due to global population aging, the problem of accurately assessing kidney function in individuals of extreme age is
becoming increasingly important. The number of long-lived individuals (persons aged 90 years and older) is steadily
increasing worldwide, necessitating the development of specific approaches to the diagnosis and treatment of age -associated
diseases, including chronic kidney disease (CKD) [1], [2].

Assessing kidney function in the elderly presents a complex clinical challenge. On the one hand, physiological aging is
accompanied by a natural decline in glomerular filtration rate (GFR) averaging 7—10 mL/min/1.73 m? per decade after the age
of 30-40 years. On the other hand, the widely used estimating formulas — MDRD (2002) and CKD-EPI (2009) — were
developed in younger populations and have not been validated in patients older than 70 years. This creates a risk of both
overdiagnosis of CKD (when applying general threshold values mechanistically) and underestimation of true kidney function
decline [3], [4].

Centenarian patients represent a unique study population, as they exhibit all the features and characteristics of extreme
aging. However, none of the existing formulas for estimating GFR have been validated in this age group [2].

The present study contributes to addressing this problem by providing data on the nature and magnitude of discrepancies
between the BIS1, MDRD, and CKD-EPI formulas specifically in centenarian women — a group that remains virtually
unrepresented in the international scientific literature. This work provides a basis for selecting the most appropriate formula for
clinical practice when managing patients of extreme age.

The results of this study have direct practical implications for geriatricians, nephrologists, and internists who care for
long-lived individuals. An evidence-based choice of formula for GFR estimation can optimize the diagnosis of CKD, risk
stratification, and treatment decisions in this most vulnerable patient population.

Aim. To determine the nature and magnitude of differences in GFR values calculated using the BIS1, MDRD, and
CKD-EPI formulas in female centenarians.

Research methods and principles

For this study, 45 records of female centenarians were extracted from a database assembled during the study “Evaluation
of the medical and social status of hundred-year centenarians in the Chelyabinsk region” (Chelyabinsk region, Russian
Federation). The extracted data included information on age, sex, anthropometric parameters, and venous blood creatinine
levels [2].

Glomerular filtration rate (GFR) was then calculated using three creatinine-based formulas: BIS1, MDRD, and CKD-EPI
(DPI).

The normality of the three resulting eGFR datasets was tested using the Shapiro—Wilk test; all three datasets were found to
follow a normal distribution. Student’s t-test was used to compare the datasets.

To compare the frequencies of chronic kidney disease (CKD) stages, the x2 test was applied, and Bonferroni correction was
used to control for type I error in multiple comparisons.

All statistical analyses were performed in the Google Colab environment using the Python programming language, with
the following libraries: pandas, numpy, scipy, and scipy.stats.

The study was approved by the Ethics Committee of the Medical and Psychological Institute of the South Urals (Protocol
No. 5 dated 01.06.2026). All study participants gave their informed consent for the processing of personal data in accordance
with the Federal Law of the Russian Federation “On Personal Data” No. 152-FZ of 27.07.2006.
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Main results

The analysis included 45 female centenarians aged 100 to 108 years (median age 101 years). For all patients, eGFR was
calculated using three formulas (BIS1, MDRD, and CKD-EPI [DPI]) based on serum creatinine levels (mean value 98.7
pmol/L).

All three sets of eGFR values followed a normal distribution according to the Shapiro—Wilk test (BIS1: W = 0.986, p =
0.847; MDRD: W = 0.981, p = 0.667; DPI: W = 0.980, p = 0.616). Descriptive statistics are presented in Table 1.

Table 1 - Main descriptive statistics of eGFR (mL/min/1.73 m?) for the three formulas
DOI: https://doi.org/10.60797/IRJ.2026.169.111.1

Parameter BIS1 (n=45) MDRD (n=45) CKD-EPI (n=45)
Mean + SD 384+7.4 549+ 14.0 50.8+13.4

Median (Q1-Q3) 37.5(33.8-42.5) 53.7 (45.4-61.8) 49.6 (41.9-57.6)
95% CI for median* 35.2-40.8 48.6 — 59.6 44.7 - 54.8
Min — Max 22.6 - 55.6 26.7 - 88.1 241-83.4

Figure 1 presents box plots of the eGFR distribution for the three formulas. It can be observed that BIS1 has the smallest
spread of values and is shifted toward lower values.

Comparison of eGFR Values Across Three Formulas
BIS1, MDRD, and DPI (CKD-EPI)
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Figure 1 - Comparison of eGFR Values Across The Formulas BIS1, MDRD and CKD-EPI
DOI: https://doi.org/10.60797/IRJ.2026.169.111.2

Pairwise comparison of mean values revealed statistically significant differences between BIS1 and the other two
formulas, whereas MDRD and CKD-EPI did not differ from each other.

The BIS1 formula yields systematically lower eGFR values:

- BIS1 vs MDRD: mean difference = —16.49 (p < 0.001) — statistically significant

- BIS1 vs CKD-EPI: mean difference = —12.42 (p < 0.001) — statistically significant

- BIS1 estimates eGFR approximately 25-30% lower than the other two formulas

MDRD and CKD-EPI do not differ statistically.

Thus, the BIS1 formula provides systematically lower, but likely more accurate, eGFR values in centenarian women
compared to MDRD and CKD-EPI, which do not differ from each other and overestimate kidney function.

Applying the chronic kidney disease (CKD) classification, we examined the data obtained from the three groups. Based on
the calculated eGFR values, patients were stratified into CKD stages. Stages G1 (=90) and G5 (<15) were not observed with
any of the formulas — see Figure 2.
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Distribution of CKD Stages by Formula
BIS1 vs MDRD vs DPI (CKD-EPI) in Centenarian Women
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Figure 2 - Distribution pf CKD Stages by Formulas
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Key observations:

— BIS1 (the most conservative formula):

- 0% of patients in stage G2 (normal / mildly decreased);

- 75.6% of patients in stage G3b (moderate to severe decrease);

- Only 17.8% in G3a and 6.7% in G4;

— MDRD:

- 35.6% of patients in stage G2 — significantly higher than BIS1 and DPI;

- 40.0% in G3a — predominant stage;

- 20.0% in G3b;

— DPI (CKD-EPI):

- 20.0% of patients in stage G2;

- 40.0% in G3a — predominant stage (similar to MDRD);

- 33.3% in G3b;

To assess the significance of differences in the frequency of each stage between the formulas, a x? test (2x2 contingency
tables) was performed. Considering four stages and three pairwise comparisons (12 comparisons in total), Bonferroni
correction was applied: a« = 0.05/ 12 = 0.00417.

After correction, statistically significant differences were found only for stages G2 and G3b in the comparisons BIS1 vs
MDRD and BIS1 vs DPI.

Results after correction:

1. G2: BIS1 vs MDRD — p = 0.000010.

2. G2: BIS1 vs DPI — p = 0.001565.

3. G3b: BIS1 vs MDRD — p = 0.000000.

4. G3b: BIS1 vs DPI — p = 0.000058.

The comparisons MDRD vs DPI did not reach significance for any stage (p > 0.05). For all other pairs (including all
comparisons involving MDRD and DPI with each other), the differences did not reach the corrected significance threshold (p >
0.020).

In women aged 100+ years, the BIS1 formula yields significantly lower and less variable eGFR estimates compared to
MDRD and CKD-EPI, which do not differ from each other. Accordingly, BIS1 classifies patients into more severe CKD stages
(predominantly G3b), whereas MDRD and DPI often overestimate the category (G2-G3a). The observed differences are
statistically significant (p < 0.001 for the means, and for stage frequencies after Bonferroni correction).

Discussion

The present study revealed substantial discrepancies in eGFR estimates between the BIS1, MDRD, and CKD-EPI
formulas in centenarian women. Our results are consistent with numerous international studies, confirming that the choice of
estimating equation critically affects the classification of CKD stage in patients of extreme age.

Systematic underestimation of eGFR by BIS1. In our study, the BIS1 formula provided the most conservative eGFR
estimates: the mean value was 38.4 mL/min/1.73 m?, which is 16.5 mL/min/1.73 m? lower than that obtained with MDRD.
Similar results were reported in an Italian study of 499 patients older than 70 years (mean age 82.6 years), where BIS1
estimated eGFR on average 13 mL/min/1.73 m? lower than CKD-EPI and MDRD [6].

The study by Koppe et al. (2013) in 224 patients older than 70 years using direct inulin clearance measurement (the gold
standard) showed that BIS1 has the lowest variability (SD 9.21 vs. 12.78 for MDRD) and the highest accuracy (P30 75.56%
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vs. 70.67% for MDRD). These data confirm that BIS1 not only yields lower eGFR values but does so with greater precision in
elderly patients [7].

Comparison of MDRD and CKD-EPI. An important finding of our work is the absence of statistically significant
differences between MDRD and CKD-EPI (p = 0.162). Our mean values (54.9 and 50.8 mL/min/1.73 m?, respectively) are
close to those of the Italian study (70.9 and 70.5 mL/min/1.73 m?), although the absolute numbers are higher, which may be
explained by the younger age of their cohort (mean age 82.6 years vs. 100+ years) [6]. With advancing age, the gap between
BIS1 and the other formulas widens, as confirmed by Han et al. (2020) in a cohort of 966 centenarians [1].

Comparative accuracy of formulas in old age. A Chinese study from 2024 in 298 elderly patients (mean age 71 years)
confirmed that BIS1 demonstrates the best accuracy compared to MDRD and CKD-EPI [8]. This pattern holds true for
centenarian patients in our study as well.

Analysis of CKD stage distribution. Stage G2 (60-89 mL/min/1.73 m?). The most striking difference was observed for
stage G2: BIS1 classified no patient into this category, whereas MDRD did so in 35.6% and DPI in 20.0%. These differences
remained statistically significant after Bonferroni correction (p = 0.00001 and p = 0.0016, respectively). This indicates a
systematic overestimation of eGFR by the MDRD and CKD-EPI formulas, leading to a “rejuvenation” of kidney function in
centenarians.

In the work by Vega and Huidobro (2021), it is noted that overestimation of eGFR by MDRD and CKD-EPI in the elderly
leads to an artificial down-staging of CKD, which may deprive patients of necessary treatment [9]. In the context of
centenarian patients, this is particularly critical because the risk of drug accumulation and nephrotoxic effects increases
manifold.

*Stage G3b (30—44 mL/min/1.73 m?).* The predominance of BIS1 in the G3b category (75.6% vs. 20.0% for MDRD and
33.3% for DPI) with highly significant differences (p = 0.000000 and p = 0.000058) is a key finding. The Italian researchers
also noted that with increasing age, BIS1 shows a consistent decline in eGFR, whereas MDRD and CKD-EPI do not exhibit
such a trend [6]. This indicates that the general formulas do not account for the physiological age-related decline in kidney
function.

Hahn and Strutz (2024) remark that for a 90-year-old patient, an eGFR value of 32 mL/min/1.73 m? formally corresponds
to stage G3b CKD, but considering age-adjusted norms it could be regarded as normal. However, KDIGO has not yet adopted
age-adapted thresholds; therefore, using BIS1 in centenarians is the most justified approach.

Stages G3a and G4. For stage G3a (45-59 mL/min/1.73 m?), the differences between BIS1 and MDRD/CKD-EPI were
significant before Bonferroni correction (p = 0.020) but lost significance after adjustment. This is explained by the fact that
with four multiple comparisons, the significance threshold is lowered to 0.004, and the effect, though present, does not reach
this stringent criterion.

For stage G4 (15-29 mL/min/1.73 m2), no statistically significant differences were found. The low absolute frequencies
(2-3 patients) limit the statistical power of the comparisons; nevertheless, it is clinically important to note that BIS1 identified
slightly more patients in this severe category (6.7% vs. 4.4% for MDRD).

Clinical implications. The clinical significance of the correct choice of formula goes beyond statistical differences.
Overestimation of eGFR may lead to:

1. Underscoring of CKD stage and consequently the lack of timely nephroprotective therapy;

2. Overdose of renally excreted drugs (especially dangerous in patients with polypharmacy);

3. Inaccurate prediction of the risk of progression to kidney failure.

Study limitations and future research directions.

Our study has several limitations:

1. Relatively small sample size (45 patients);

2. Study of a female-only population;

3. Lack of data on cystatin C.

Promising future directions include: prospective studies with direct measurement of GFR in centenarians, validation of
combined formulas (BIS2, CKD-EPI 2021 with cystatin C) in the 100+ age group, as well as investigation of the association
between formula choice and clinical outcomes (hospitalisation, mortality, CKD progression).

At the same time, the results of the present study are consistent with data from other major works examining approaches to
eGFR assessment in the population of long-lived individuals. The main distinguishing feature of the present study was the age
of the participants: 100 years and older [6], [11].

Conclusion

1. There are statistically significant differences between the BIS1, MDRD, and CKD-EPI formulas in estimating GFR in
centenarian women. BIS1 provides the most conservative eGFR estimates (mean 38.4 mL/min/1.73 m?), whereas MDRD and
CKD-EPI yield higher values (mean 54.9 and 50.8 mL/min/1.73 m?, respectively).

2. Pairwise comparisons with Bonferroni correction (« = 0.00417) revealed significant differences in the frequency of
stages G2 and G3b between BIS1 and the other two formulas: — G2: BIS1 vs MDRD (p = 0.00001), BIS1 vs DPI (p =
0.00157) — G3b: BIS1 vs MDRD (p = 0.00000), BIS1 vs DPI (p = 0.00006) — MDRD and DPI did not differ for any stage (p
> 0.05 for all comparisons).

3. BIS1 classifies 75.6% of patients into stage G3b (moderate to severe GFR reduction), whereas MDRD classifies only
20.0% and DPI 33.3% into this stage. Moreover, BIS1 identifies no patients in stage G2 (normal / mildly decreased), in
contrast to MDRD (35.6%) and DPI (20.0%).

4. Our results are consistent with international studies in elderly patients (Koppe et al., 2013; Italian study 2024; Chinese
study 2024), confirming that BIS1 has the lowest variability and the highest accuracy in the age group over 70 years. The only
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large study in centenarians (Han et al., 2020, n=966) also demonstrated that the formulas are not interchangeable, and that
BIS1 is preferable for elderly women with low creatinine levels.

For clinical practice in women aged 100 years and older, the BIS1 formula is preferable, because MDRD and CKD -EPI
systematically overestimate GFR, which may lead to underestimation of CKD stage, inaccurate prognosis, and risk of drug
toxicity. When BIS1 is not available, results from MDRD and CKD-EPI should be interpreted with caution, taking into account
their tendency to overestimate GFR in centenarians.
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