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Outcomes and Risk Factors of Widened Difference in
Estimated Glomerular Filtration Rate Based on
Creatinine or Cystatin C: Adjust Model Development
With More Than 300,000 UK Biobank Participants

Min W. Kang, Jae-ik Oh, Jinsun Lee, Minsang Kim, Jung H. Koh, Jeong M. Cho, Seong G. Kim,
Semin Cho, Soojin Lee, Yaerim Kim, Dong K. Kim, and Sehoon Park

Rationale & Objective: Recent studies have high-
lighted the clinical significance of the discrepancies
between cystatin C—based CKD-EPI (Chronic Kidney
Disease Epidemiology Collaboration) estimated
glomerular filiration rate (eGFR) (eGFRcys) and
creatinine-based CKD-EPI eGFR (eGFRcr). This
study explores the implications of the differences
between eGFRcys and eGFRcr (eGFRdiff) on
clinical outcomes and aims to develop an adjustment
model using eGFRcr and associated clinical variables.

Study Design: Retrospective cohort study.

Setting & Participants: A total of 343,854 UK
Biobank participants.

Exposure: eGFRdiff (mL/min/1.73 m?®): lower
(eGFRcys - eGFRcr < -15), middle (-15 < eGFRcys -
eGFRcr < 15), and upper (eGFRcys - eGFRcr > 15).

Outcome: Death, myocardial infarction (MI), and
ischemic stroke.

Analytical Approach: We analyzed the risks of
death, MI, and ischemic stroke in groups with
eGFRdiff < -15 and eGFRdiff > 15 using Cox pro-
portional hazards models. Logistic regression
analysis was used to identify variables associated
with eGFRdiff. In addition, we developed and vali-
dated a regression model using eGFRcr and

variables associated with eGFRdiff to approximate
eGFR with optimal performance.

Results: Individuals with eGFRdiff < -15 were
associated with increased risks of death (HR, 1.37
[1.30-1.44]),MI (HR, 1.23 [1.15-1.33]), and ischemic
stroke (HR, 1.19 [1.08-1.31]). Variables associated
with eGFRdiff < -15 included high waist/hip
circumference, high body weight, low fat-free mass,
high fat/carbohydrate intake, low protein intake,
diabetes, and smaller kidney volumes. A simplified
regression model approximating eGFRcys was
developed, using only eGFRcr, sex, age, height,
weight, and body mass index. In the validation,
applying the simplified linear model to eGFRcr
significantly enhanced its correlation with eGFRcys
and improved clinical outcome prediction, as
demonstrated by favorable net reclassification
indices for death, MI, and ischemic stroke.

Limitations: The absence of true GFR data.

Conclusions: This study confirmed that eGFR-
diff < -15 is associated with increased risks of
clinical outcomes and identified diverse factors
associated with eGFRdiff. We developed an
adjusted model to approximate eGFRcr to eGFR-
cys, demonstrating superior clinical outcome as-
sociation using the adjusted values.
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he estimation of glomerular filtration rate (eGFR) is

essential not only for assessing current kidney function
but also for predicting future clinical outcomes.' Current
guidelines recommend the use of the CKD-EPI (Chronic
Kidney Disease Epidemiology Collaboration) equation for
clinical purposes.” " This equation typically uses estimates
based on creatinine and cystatin C.” Although creatinine-
based estimates are widely accessible and cost-effective,
they are significantly influenced by muscle mass, gender,
age, and other nonkidney factors.”® In contrast, cystatin
C—based estimates are less affected by these factors and are
considered to provide a more accurate approximation to
true GFR.”’

Recent studies have illuminated the clinical importance of
the discrepancy between cystatin C—based CKD-EPI eGFR
(eGFRcys) and creatinine-based CKD-EPI eGFR (eGFRcr),
termed eGFRdiff. This difference has been recognized as an
indicator of overall health status and frailty.” '’ Notably, a
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negative eGFRdiff value is associated with elevated risks of
atrial fibrillation, mortality, and cardiovascular diseases.® '’
This suggests that eGFRcr may be influenced by a range of
nonkidney factors, underlining the importance of cystatin
C—based estimates for more precise assessments of kidney
function. However, there remains a need for further studies
to uncover clinical characteristics associated with eGFRdiff,
particularly using data from extensively phenotyped large-
scale biobanks. Furthermore, access to cystatin C measure-
ment is still limited in some regions,'’ necessitating the
development of a refined model to approximate eGFRcr to
eGFRcys, especially for clinical outcomes in which eGFRcys
demonstrates superior predictive accuracy, such as cardio-
vascular disease, myocardial infarction (MI), and
mortality.” ' *"”

In this study, we hypothesized that the previous asso-
ciation between eGFRdiff and clinical outcomes would be
replicated in the large-scale UK Biobank data, which
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PLAIN-LANGUAGE SUMMARY

Kidney function is often estimated using blood markers
such as creatinine or cystatin C. However, large gaps
between these estimates can signal hidden health risks.
In 343,854 UK Biobank participants, we found that
those whose cystatin C—based eGFR was much lower
than their creatinine-based eGFR faced higher risks of
death, heart attack, and stroke. We identified body size,
diet, and kidney volume factors linked to these gaps.
Using these factors and creatinine-based eGFR, we built
a simple regression model that closely approximates
cystatin C—based eGFR and improves risk prediction.
This tool can support clinicians in settings in which
cystatin C testing is not available.

include deeply phenotyped clinical information. With the
database, we sought to identify diverse clinical variables
associated with widened eGFRdiff. Using these results, we
aimed to develop the adjust model for eGFRcr to improve
the clinical predictability of the value.

METHODS

Ethical Considerations

The study was conducted in accordance with the Decla-
ration of Helsinki. Ethical approval was granted by the
Institutional Review Boards of Seoul National University
Hospital (approval number: E-2306-031-1437) and the
UK Biobank consortium (application number: 53799).
The requirement for informed consent was waived as the
study involved the analysis of public databases.

Study Population

The UK Biobank is a prospective cohort study that includes
502,460 adults aged 40-69 years, enrolled from 2006-
2010 across 22 assessment centers throughout the United
Kingdom. The data for this cohort were collected and
structured as described in previous research.'®'” From the
UK Biobank population, we included participants with
available anthropometric data (eg, fat-free mass) to study
the association of these variables with eGFRdiff. As we
studied incident outcomes, we excluded those with un-
derlying MI or ischemic stroke. In addition, dialysis pa-
tients at baseline were excluded, as eGFR values in these
patients are significantly deviated and have limited clinical
relevance.

Participants with available food intake data and kidney
volume data were included for subset analysis. For the
development and validation of regression models, the
entire population was randomly divided into train and test
data sets at a ratio of 7:3. The train data set was used to
develop the models, whereas the test data set was
employed to validate their performance.

Data Collection and Definitions

Baseline demographic variables and medical history of
interest were selected based on cardiovascular disease and
mortality risk factors identified in previous studies.'® *’
These variables included age, sex, waist circumference, hip
circumference, height, body weight, body mass index
(BMI), smoking status, systolic and diastolic blood pres-
sure, self-reported history of cardiocerebrovascular dis-
eases, diabetes, and cancer, and use of medications for
hypertension, dyslipidemia, and insulin. Laboratory data
included measurements of creatinine and cystatin C. CKD-
EPI equations were employed to calculate eGFR using
creatinine alone (eGFRcr) and cystatin C alone (eGFRcys),
and a combined equation incorporating both creatinine
and cystatin C (eGFRcr-cys) was also used.””' Fat-free
mass data were derived using bioimpedance analysis. In
addition, the total kidney volume adjusted for body surface
area and the bilateral kidney volume ratio were also
analyzed. Smoking statuses were categorized as past or
current smoking and never smoking. Baseline medical
conditions, medication use, smoking history, diabetes
status, and dietary history were all self-reported during
nurse-led interviews.

Participants were stratified into 3 groups based on
eGFRdiff as follows: (1) upper eGFRdiff (eGFRcys - eGFRcr
>15), (2) middle eGFRAdiff (-15 < eGFRcys - eGFRer < 15),
and (3) lower eGFRdiff (eGFRcys - eGFRcr < -15) to
analyze the associated risk of outcomes. The threshold of 15
mL/min/1.73 m” was selected based on previous studies
demonstrating its clinical relevance in predicting adverse
outcomes.' "

Clinical outcomes were defined as death or the first
recorded occurrence of MI or ischemic stroke. Diagnoses
were recorded using the World Health Organization’s In-
ternational Classification of Diseases, Tenth Revision, codes. Data on
MI and ischemic stroke were derived from algorithmic
combinations of coded information from the UK Biobank
data collection, including self-reported medical condi-
tions, surgical procedures, and medications at baseline, as
well as linked data from hospital admissions and death
registries.

Statistical Analyses

Baseline characteristics were reported with categorical
variables presented as numbers and percentages, and
continuous variables as means with standard deviations.
The risk associated with the 3 categories of eGFRdiff was
analyzed using Cox proportional hazards models. Spline
curves were examined to explore how hazard ratios (HRs)
for clinical outcomes changed across different eGFRdiff
levels. The models included a univariable model using only
eGFRdiff and multivariable models in which model 1 was
adjusted for sex, age, waist circumference, hip circum-
ference, height, body weight, and fat-free mass, and
model 2 included all variables from model 1 plus addi-
tional adjustments for systolic blood pressure, diastolic
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blood pressure, histories of cardiocerebrovascular disease,
use of medications for hypertension, dyslipidemia, and
insulin, as well as histories of cancer and diabetes, and
smoking status.

Logistic regression was employed to investigate clinical
variables associated with eGFRdiff < -15, with participants
having eGFRdiff = -15 serving as the reference group.
Before performing logistic regression analysis, all contin-
uous variables were standardized, ensuring that the
resulting odds ratios represent the change in odds per 1
standard deviation increase. The logistic models included
were the following: multivariable model 1 incorporating
variables such as age, sex, waist circumference, hip
circumference, height, BMI, body weight, and fat-free
mass, and multivariable model 2, which additionally
considered systolic blood pressure, diastolic blood pres-
sure, history of cardiocerebrovascular disease, use of hy-
pertension and dyslipidemia medications, and insulin,
cancer, diabetes, and smoking status. Although BMI was
included in the analysis, height and weight—which largely
reflect lean body mass—were also adjusted for, because
both height and lean body mass independently affect
kidney function or creatinine levels, thereby providing a
more comprehensive adjustment.””’ Further models
analyzed associations between eGFRdiff and dietary data
(including variables from model 2 with food weight,
protein, fat, and carbohydrate intake) and kidney volume
(including variables from model 2 with body surface area—

Kidney Medicine

adjusted total kidney volume and total kidney volume
ratio).

To assess the predictive performance of eGFRcr,
eGFRcys, and eGFRcr-cys for clinical outcomes, we used
the C-index and compared these indices at a 5-year time
point using the net reclassification index (NRI). Receiver
operating characteristic (ROC) curves and the area under
the ROC curve were also analyzed to predict the occur-
rence of outcomes within 5 years for each eGFR measure.
The NRI values were calculated with 95% confidence in-
tervals using bootstrapping methods.

A regression model was developed, integrating clinical
variables and eGFRcr, to predict the eGFR value with the
highest predictive performance among eGFRcys and
eGFRcr-cys. On the train data set, we constructed both
linear regression and machine learning models (including
the light gradient boosting machine, CatBoost, and an
ensemble model combining the light gradient boosting
machine and CatBoost), with variable selection guided by
significant associations identified in prior logistic regres-
sion analyses as well as by the clinical relevance and ease of
collection of the variables. Model accuracy was then eval-
uated in the test data set using the mean absolute error and
adjusted R”. Furthermore, the predictive performance of
the linear regression models was assessed by calculating
the C-index and NRI at a 5-year time point, along with
ROC curves and the area under the ROC curve for addi-
tional outcome evaluation.

UK biobank subjects with fat
free mass data (N=356,751)

Underlying

Dialysis patients (N=383)
MI (N=8,013)

Ischemic stroke (N=4,501)

N
\

Total subjects (N=343,854)

Subjects with food Subjects with kidney
intake data volume data
(N=52,651) (N=27,104)

Train dataset
(N=240,698)

Test dataset
(N=103,156)

Figure 1. Study population. Abbreviations: GFRCr, creatinine-based Chronic Kidney Disease Epidemiology Collaboration esti-
mated glomerular filtration; GFRcys, cystatin C-based Chronic Kidney Disease Epidemiology Collaboration estimated glomerular

filtration; MI, myocardial infarction.
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RESULTS

Study Population and Baseline Characteristics
From the UK Biobank population, a total of 356,751 in-
dividuals with available anthropometric data were initially
selected. After excluding those with underlying conditions
such as dialysis dependence, MI, or ischemic stroke, the
final population comprised 343,854 participants for anal-
ysis (Fig 1). In addition, 52,651 participants with available
food intake data and 27,104 with kidney volume data were
included in subset analyses. For the train and evaluation of
regression models, the population was randomly divided
into a train data set of 240,698 individuals and a test data
set of 103,156 individuals.

The distribution of eGFR differences within the popu-
lation was as follows: 12.4% in the eGFRdiff > 15 group,

Table 1. Baseline Characteristics

71.5% in the -15 < eGFRdiff < 15 group, and 16.2% in the
eGFRdiff < -15 group (Table 1). The cohort comprised
45.1% female participants, with an average age of 56.9
years. The means of eGFRcr, eGFRcys, and eGFRcr-cys
across the entire population were similar at 91.1, 90.0,
and 90.7 mL/min/1.73 m®, respectively, with similar
trends observed in the middle eGFRdiff group. However,
in the eGFRdift < -15 group, values diverged significantly,
with eGFRcys notably lower at 94.7, 72.4, and 83.0 mL/
min/1.73 m”.

Risk of Clinical Outcomes According to eGFRdiff

A trend of decreasing HR with increasing eGFRdiff was
identified in both univariable and multivariable models
(Fig 2). The univariable Cox proportional hazards model

eGFRcys - -15 £ eGFRcys - eGFRcys -

Total Population eGFRcr > 15 eGFRcr £ 15 eGFRcr < -15
Variables (N = 343,854) (N = 42,479) (N = 245,830) (N = 55,545)
Female (%) 155,204 (45.1%) 16,431 (38.7%) 112,845 (45.9%) 25,928 (46.7%)
Age (y) 56.9 £+ 8.1 53.6 £ 8.0 57.1 £ 8.0 585+ 7.7
Waist circumference (cm) 90.0 + 13.3 845+ 115 89.5 +12.7 96.5 + 14.5
Hip circumference (cm) 103.3 £ 9.0 100.4 £ 7.3 102.9 £ 84 107.3 £ 115
Height (cm) 168.6 + 9.3 168.3 + 8.8 168.7 £ 9.3 168.1 £ 9.6
BMI (kg/m?) 27.3 +£4.7 25.7 £ 3.7 271143 29.7 £ 5.8
Weight (kg) 77.9 £ 15.7 73.0 £ 134 77.3 £ 15.0 83.9 £ 18.3
Diastolic blood pressure 82.3 £ 10.1 80.4 + 9.9 82.3+10.0 83.8+10.3
(mm Hg)
Systolic blood pressure 137.8 + 18.6 133.4 £ 18.0 138.0 + 185 140.6 + 18.6

(mm Hg)
Cardiocerebrovascular (%)
Hypertension (%)

Insulin (%)

Dyslipidemia (%)

Cancer (%)

Diabetes (%)

Smoking (%)

Cr (umol/L)

Cystatin C (mg/L)

eGFR CKD-EPI (Cr) (mL/min/

1.73 m?)

eGFR CKD-EPI (cystatin C)

(mL/min/1.73 m?)

eGFR CKD-EPI (Cr + cystatin C)

(mL/min/1.73 m?)
Fat-free mass (kg)
Food weight intake?® (g)
Protein intake? (g)
Fat intake® (g)
Carbohydrate intake® (g)

Kidney volume (BSA adjusted)®
Kidney volume difference ratio®

7,826 (2.3%)
65,119 (18.9%)
3,215 (0.9%)
51,678 (15.0%)
25,919 (7.5%)
15,966 (4.6%)
153,325 (44.6%)
71.9 +15.3

09 +0.2

91.1 £13.1

90.0£17.6
90.7 £13.9

53.2+11.5
3,263.3 + 930.6
81.8 £+ 31.0
76.9 + 36.2
257.9 £ 107.3
0.14 £ 0.02
1.12+0.14

598 (1.4%)
4,641 (10.9%)
280 (0.7%)
4,482 (10.6%)
2,510 (5.9%)
1,144 (2.7%)
16,141 (38.0%)

5,452 (2.2%)
45,082 (18.3%)
2,017 (0.8%)
36,635 (14.9%)
18,302 (7.4%)
10,320 (4.2%)
107,368 (43.7%)

1,776 (3.2%)
15,396 (27.7%)
918 (1.7%)
10,561 (19.0%)
5,107 (9.2%)
4,502 (8.1%)
29,816 (53.7%)

76.9 + 15.9 72.0 + 15.6 67.7+11.9
0.8 + 0.1 0.9 + 0.1 1.1 £ 0.1
86.4 + 14.6 91.1 £ 13.1 94.7 + 10.5
109.8 + 15.6 90.5 £ 15.0 724 +11.4
97.1 £13.7 91.4 £13.7 83.0 £ 11.1
51.6 + 10.8 532+ 115 54.6 + 12.1
3,276.6 + 922.5 3,263.8 + 919.4 3,247.1 £ 994.3
83.0 £ 31.3 81.9 + 30.4 80.5 + 33.5
73.5 + 35.0 77.0 + 35.7 79.9 + 39.4
246.3 £ 107.0 258.0 £ 104.0 269.0 + 122.1
0.14 + 0.02 0.15 + 0.02 0.14 + 0.02
1.12+0.14 1.11 £0.12 1.13 %+ 0.15

Abbreviations: BMI, body mass index; BSA, body surface area; CKD-EPI, Chronic Kidney Disease Epidemiology Collaboration; Cr, creatinine; eGFR, estimated
glomerular filtration rate; eGFRecr, creatinine-based Chronic Kidney Disease Epidemiology Collaboration eGFR; eGFRcys, cystatin C-based Chronic Kidney Disease

Epidemiology Collaboration eGFR.
#No. of participants: 52,651, representing those with available food intake data.
PNo. of participants: 27,104, representing those with available kidney volume data.
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Figure 2. Hazard ratios of outcomes based on cubic spline curves. Model 1 was adjusted for sex, age, waist circumference, hip
circumference, height, body weight, and fat-free mass. Model 2 was adjusted for sex, age, waist circumference, hip circumference,
height, body weight, fat-free mass, systolic blood pressure, diastolic blood pressure, histories of cardiocerebrovascular disease, use
of medications for hypertension, dyslipidemia, and use of insulin, histories of cancer and diabetes, and smoking status. Abbrevia-
tions: GFRCr, creatinine-based Chronic Kidney Disease Epidemiology Collaboration estimated glomerular filtration; GFRcys, cys-
tatin C—based Chronic Kidney Disease Epidemiology Collaboration estimated glomerular filtration; MI, myocardial infarction.

indicated that, compared with the reference middle
eGFRdiff group, the risk of MI and ischemic stroke was
lower in the eGFRdiff > 15 group and higher in the
eGFRdift < -15 group. The risk of death was higher in the
eGFRdiff < -15 group (Table 2). In multivariable model 1,
only the eGFRdiff < -15 group showed significantly higher
risks for death (HR, 1.42 [1.35-1.49]), MI (HR, 1.25
[1.16-1.35]), and ischemic stroke (HR, 1.22 [1.10-
1.34]). Multivariable model 2 showed similar trends,
with significantly increased risks for death (HR, 1.37
[1.30-1.44]), MI (HR, 1.23 [1.15-1.33]), and ischemic
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stroke (HR, 1.19 [1.08-1.31]) observed exclusively in the
eGFRdiff < -15 group.

Clinical Variables Associated With eGFRdiff < -15
Given the significantly elevated risks of death, MI, and
ischemic stroke observed in the eGFRdiff < -15 group,
logistic regression was employed to identify the variables
associated with this group. In multivariable model 1,
higher waist circumference, weight, and lower fat-free
mass were associated with eGFRdiff < -15 (Table 3).
This trend was also observed in model 2, in which a higher
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Table 2. Cox Proportional Hazards Model

-]

Model 2°

Model 1°

Univariable

P Value Hazard Ratio P Value Hazard Ratio P Value

Hazard Ratio

eGFR Difference

Outcome
Death

0.75

0.99 (0.90-1.08)
1 (reference)

0.84 1.00 (0.92-1.09) 0.99
1 (reference)

1.01 (0.92-1.10)
1 (reference)

eGFRcys - eGFRer > 15

-15 < eGFRcys - eGFRcr < 15
eGFRcys - eGFRcr < -15

<0.001 1.42 (1.35-1.49) <0.001 1.37 (1.30-1.44) <0.001

1.23 (1.17-1.29)

Mi

0.93

1.00 (0.88-1.13) 0.97 0.99 (0.88-1.13)
1 (reference) 1 (reference)

<0.001

0.56 (0.49-0.63)

eGFRcys - eGFRcr > 15

1 (reference)

-15 < eGFRcys - eGFRcr < 15
eGFRcys - eGFRcr < -15

Kang et al

<0.001

1.23 (1.15-1.33)

<0.001 1.25 (1.16-1.35) <0.001

1.84 (1.72-1.96)

Ischemic stroke

0.97

0.99 (0.84-1.16) 0.86 1.00 (0.85-1.17)
1 (reference) 1 (reference)

<0.001

0.58 (0.50-0.67)

eGFRcys - eGFRcr > 15

1 (reference)

-15 < eGFRcys - eGFRer < 15
eGFRcys - eGFRcr < -15

0.001

1.19 (1.08-1.31)

Abbreviations: eGFR, estimated glomerular filtration rate; eGFRcr, creatinine-based Chronic Kidney Disease Epidemiology Collaboration eGFR; eGFRcys, cystatin C-based Chronic Kidney Disease Epidemiology Collaboration

eGFR; MI, myocardial infarction.

<0.001 1.22 (1.10-1.34) <0.001

1.69 (1.55-1.85)

2Adjusted variables: eGFRcys, sex, age, waist circumference, hip circumference, height, weight, and fat-free mass.

PAdjusted variables: eGFRcys, sex, age, waist circumference, hip circumference, height, weight, fat-free mass, systolic blood pressure, diastolic blood pressure, cardiocerebrovascular history, hypertension medication, insulin

medication, dyslipidemia medication, cancer history, diabetes history, and smoking.

hip circumference was additionally significantly associated.
Furthermore, higher fat and carbohydrate intake, along
with lower total food weight and protein intake, was
related to eGFRdiff < -15. Moreover, a lower body surface
area—adjusted total kidney volume was significantly asso-
ciated with eGFRdiff < -15, whereas the kidney volume
ratio was not.

Comparing the Performance of Predicting Clinical
Outcomes Using Various eGFR

Among eGFRcr, eGFRcys, and eGFRcr-cys, we found that
eGFRcys demonstrated the best predictive performance for
death, MI, and ischemic stroke across all subjects, with C-
index values of 0.661, 0.653, and 0.642, respectively, and
the area under the ROC curve values for predicting events
within 5 years of 0.663, 0.653, and 0.644, respectively
(Table S1 and Fig S1). NRI analysis indicated that eGFRcys
had significantly higher C-index values for death, MI, and
ischemic stroke compared with eGFRcr and eGFRcr-cys.
This trend was particularly pronounced in the eGFRdiff <
-15 subgroup, in which eGFRcys also showed higher C-
index values in NRI analysis compared with eGFRcr and
eGFRcr-cys.

Performance of Regression Models

Given the superior clinical outcome predictive perfor-
mance of eGFRcys, regression models were developed
using eGFRcr and associated clinical variables to approxi-
mate eGFRcys. The simplified models, including the linear
regression model and machine learning regression models,
included variables such as eGFRcr, sex, age, height,
weight, and BMI, whereas the full models included all
variables from the simplified models plus fat-free mass,
systolic blood pressure, diastolic blood pressure, car-
diocerebrovascular history, hypertension medication, in-
sulin, dyslipidemia medication, cancer history, diabetes
history, and smoking status. In the test data set, our
simplified linear regression model more accurately
approximated eGFRcys than unadjusted eGFRcr, as re-
flected by improved performance metrics. Moreover, both
the simplified and full models demonstrated consistently
enhanced  predictive  performance  for  clinical
outcomes—including  death, MI, and  ischemic
stroke—relative to unadjusted eGFRcr, as evidenced by su-
perior area under the ROC curve, C-index, and NRI mea-
sures (Tables S2-S4 and Fig S2). Although the machine
learning models showed marginally better performance than
the linear regression models, the improvement was minimal.

DISCUSSION

This study, consistent with prior research, confirmed that
more negative values of eGFRdiff between eGFRcys and
eGFRcr are associated with increased risks of death, MI,
and ischemic stroke. In addition, factors such as higher
waist and hip circumference, higher body weight, lower
fat-free mass, and food intake—particularly increased fat
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Table 3. Standardized Odds Ratio for eGFRcys - eGFRcr < -15

Kidney Medicine

Variables Odds Ratio P Value Odds Ratio P Value
Female 1.44 (1.40-1.47) <0.001 1.45 (1.41-1.49) <0.001
Age (y) 1.15 (1.13-1.16) <0.001 1.13 (1.11-1.14) <0.001
Waist circumference 1.68 (1.64-1.72) <0.001 1.63 (1.59-1.67) <0.001
Hip circumference 1.01 (0.98-1.03) 0.63 1.03 (1.01-1.05) 0.008
Height 0.85 (0.80-0.91) <0.001 0.85 (0.80-0.91) <0.001
BMI 0.87 (0.80-0.95) 0.002 0.87 (0.80-0.95) 0.003
Weight 2.09 (1.87-2.33) <0.001 2.05 (1.84-2.29) <0.001
Diastolic blood pressure 1.01 (1.00-1.03) 0.16
Systolic blood pressure 0.99 (0.98-1.01) 0.41
Cardiocerebrovascular 1.01 (1.00-1.02) 0.13
Hypertension 1.08 (1.07-1.09) <0.001
Insulin 1.02 (1.02-1.03) <0.001
Dyslipidemia 0.90 (0.89-0.91) <0.001
Cancer 1.05 (1.04-1.06) <0.001
Diabetes 1.05 (1.04-1.06) <0.001
Smoking 1.19 (1.18-1.20) <0.001
Fat-free mass 0.40 (0.38-0.42) <0.001 0.40 (0.38-0.42) <0.001
Food weight intake? 0.94 (0.92-0.97) <0.001
Protein intake® 0.73 (0.70-0.76) <0.001
Fat intake® 1.16 (1.12-1.20) <0.001
Carbohydrate intake? 1.30 (1.26-1.35) <0.001
Total kidney volume (BSA adjusted)® 0.81 (0.77-0.85) <0.001
Total kidney volume ratio® 1.00 (0.96-1.04) 0.98

Abbreviations: BMI, body mass index; BSA, body surface area; eGFR, estimated glomerular filtration rate; eGFRcr, creatinine-based Chronic Kidney Disease
Epidemiology Collaboration eGFR; eGFRcys, cystatin C-based Chronic Kidney Disease Epidemiology Collaboration eGFR.

“No. of participants: 52,651, representing those with available food intake data.

®No. of participants: 27,104, representing those with available kidney volume data.

and carbohydrate consumption with reduced protein
intake—were associated with lower eGFRcys -eGFRcr
values. These significant variables, along with eGFRcr,
were used to develop a regression model to approximate
eGFRcys, which was validated and proven effective for
predicting clinical outcomes.

Numerous studies have indicated that negative eGFRcys -
eGFRcr values are linked to elevated risks of cardiovascular
outcomes and all-cause mortality.” '”"'* Our results are
consistent with these findings, demonstrating higher risks
for death, MI, and ischemic stroke associated with lower
eGFRcys values compared with eGFRcr. The underlying
pathophysiological mechanisms proposed to explain this
phenomenon are diverse. Advanced age, reduced muscle
mass, and low physical activity are known to contribute to
the overestimation of eGFRcr compared with true GFR.>”"
In addition, cystatin C levels can be influenced by thyroid
function, inflammation, and obesity, potentially resulting in
a lower eGFRcys value compared with true GFR.””*/
Furthermore, an eGFRcys to eGFRcr ratio below 0.6, known
as shrunken pore syndrome, is characterized by decreased
elimination of medium-sized molecules. This leads to the
accumulation of proteins that promote atherosclerosis and
inflammation, factors known to adversely affect cardiovas-
cular outcomes.”**’

The main strength of this study is the identification of
various clinicodemographic factors associated with negative
eGFRcys - eGFRcr values using the deeply phenotyped UK
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Biobank data. Variables associated with lower eGFRcys -
eGFRcr values included high waist/hip circumference, high
body weight, low fat-free mass, high fat/carbohydrate
intake, low protein intake, and diabetes. These characteris-
tics, indicative of poor metabolic status, can also elevate the
risk of cardiovascular outcomes and mortality.’” Notably,
low fat-free mass combined with high fat and carbohydrate
intake is generally associated with higher inflammation’' **
and a body composition more likely to include excessive
adipose tissue, possibly leading to higher cystatin C levels
and, consequently, more negative eGFRcys - eGFRcr
values.’” Moreover, low fat-free mass often indicates
reduced muscle mass, which can result in lower creatinine
values, thus presenting as negative eGFRcys - eGFRcr
values.” In a similar vein, older age is associated with a
decline in muscle mass, which may further contribute to
these observed discrepancies in eGFR.’° In addition, the
influences of sex on creatinine levels were found to be
associated with lower eGFRcys - eGFRcr values, whereas
factors such as male gender and smoking were correlated
with higher cystatin C levels, aligning with the study find-
ings.”” Furthermore, this study found that a smaller kidney
volume was associated with lower eGFRdiff, revealing cor-
relations that had not been previously identified.
Furthermore, the predictive performance for clinical
outcomes was superior with eGFRcys compared with
eGFRcr and eGFRcr-cys for all outcomes. This is attributed
to the lesser impact of nonkidney factors on cystatin C than
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on creatinine, enhancing its prognostic performance. The
regression models developed using demographic and
medical history data related to eGFRdiff < -15 demon-
strated superior predictive performance for clinical out-
comes compared with eGFRcr. Notably, even regression
models using only simple, easily measurable variables such
as sex, age, height, weight, and BMI outperformed eGFRcr.
The linear regression model, compared with other ma-
chine learning regression models, showed no notable
disparities in errors when compared with eGFRcys, sug-
gesting it is a simple model with acceptable accuracy.
Using the models developed in this study could aid
outpatient services in centers where cystatin C measure-
ment is unavailable, allowing for close approximation to
eGFRcys and superior predictive ability for outcomes.'***®

The study has several limitations. First, the absence of true
GFR data means it is unclear whether the measured values of
eGFRcr and eGFRcys are higher or lower than the true GFR
values. Without true GFR values, it is also challenging to
assert that the performance of the regression model accu-
rately approximates true GFR. Second, as baseline creatinine
and cystatin C were measured only once, inaccuracies owing
to the state at the time of measurement may exist. Last,
external validation of the constructed adjustment model is
necessary for its widespread application.

In conclusion, this study corroborated previous findings
that a lower eGFRcys - eGFRcr value is associated with
increased risks of death, MI, and ischemic stroke.
Furthermore, it identified clinical variables associated with
lower eGFRcys - eGFRcr values and developed an adjust-
ment model using these variables. Using this model can
assist in prognosis prediction without measuring cystatin
C, thus potentially benefiting outpatient care.
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