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Abstract
Objective: To estimate kidney function with aging by equations based on serum creatinine (Scr) and investigate the applicability of these
equations in estimated glomerular �ltration rate (eGFR) in healthy Chinese population.

Patients and methods: A total of 34,416 healthy individuals were enrolled in this study, eGFR was calculated by CKD-EPI, FAS and Xiangya
equations. Plotted scatter diagrams were adopted to show the difference between eGFR by above three equations. Agreement analysis between
these equations was quanti�ed by the linear weighted κ statistic.

Results: eGFRs by CKD-EPI and Xiangya equation had a constant decline with aging. eGFR by FAS equation was approximately 116.5
mL/min/1.73m2 under 40 years, then decreased with a rate of 1.27 mL/min/1.73 m2/year. The difference was relatively small, and substantial
agreement was observed between CKD-EPI and FAS equations with Scr levels above 0.9 mg/dL in males (κ =0.798) or 0.7 mg/dL in females (κ
=0.745). The agreement between CKD-EPI and FAS equations was moderate to near-perfect in non-elderly (κ 0.617-0.901 for males and 0.536-
0.861 for females), whereas was fair to moderate in older adults (κ 0.494-0.513 for males and 0.373-0.526 for females). eGFR by CKD-EPI was
slightly higher than which by FAS equation in older population. The agreement between Xiangya and CKD-EPI or FAS equation was all slight (κ
0.2).

Conclusion: FAS equation could be used to evaluate declining rate of eGFR in healthy population. We recommend FAS or CKD-EPI equation in
non-elderly adults, and FAS equation in older adults to calculate eGFR. More veri�cation is needed, especially in older adults and population with
low Scr level.

Background
Kidney function decline with aging, mainly re�ected in the decline of glomerular �ltration rate (GFR), following with structural and physiological
changes [1]. With aging, kidney is more susceptible to acute kidney injury (AKI) as a result of reduced adaptive capacity [2]. Studies have shown
that the risk of decreased kidney function increased by 74% per decade [3]. Thus, it is crucial to accurately evaluate kidney function and screen
kidney disease in the physical examination population.

The accepted reference method for the determination of GFR is to use exogenous �ltration markers or clearance techniques, such as clearance of
inulin and dual-plasma sample clearance method [4]. These methods are accurate but invasive and unrealistic, thus they could not be widely
implied in the physical examination population. Serum creatinine as estimates of GFR is inaccuracy[5]. As a result of these limitations, several
equations have developed to evaluate estimated GFR (eGFR) [6–9].

The chronic kidney disease epidemiology collaboration (CKD-EPI) equation based on Scr was recommended by the 2012 Kidney Disease
Improving Global Outcomes (KDIGO) guidelines for assessing eGFR [8]. Due to the relatively small sample of Asians, there is some limitation
when used CKD-EPI equation to calculate eGFR in Asian population. In 2019, Li DY et al. developed Xiangya equation in a multi-ethnic Chinese
population [7]. In the development of above equations, the proportion of healthy people was relatively few. Pottel et al. developed a full-age-
spectrum (FAS) equation based on 6,870 European healthy subjects in 2016, which had continuity throughout the age spectrum, avoided
conversion for estimation equations between different age groups [6]. Validation studies have examined the performance of above equations in
the Chinese population with chronic kidney disease [10–13], however, little is known about their evaluation for kidney function with aging in large
healthy population.

In this study, we compare the CKD-EPI, FAS and Xiangya equation, and evaluate the performance of equations in healthy Chinese individuals by
analyzing discrepancies between equations.

Methods

Participants
We collected the medical information on adults (≥ 18 years) who underwent check-ups at the Health Management Center of The First A�liated
Hospital of Nanjing Medical University from January 2018 to January 2020. This study was approved by the ethics committee of the First
A�liated Hospital of Nanjing Medical University (approval No. 2018-SR-181). A rigorous �ltering process was described in Fig. 1.

FAH-NMU: the First A�liated Hospital of Nanjing Medical University, BMI: body mass index.

The inclusion criterion were as follows: (1) BMI:18.5–28.0 kg/m2; (2) No history of hypertension and Blood Pressure (BP) < 140/90 mmHg; (3) No
history of diabetes, fasting blood glucose (FBG) < 7.0 mmol/L; (4) No history of kidney disease, no proteinuria or hematuria; (5) No history of
cardio-cerebrovascular disease, malignant tumor, thyroid disorders and systemic disease; (6) Serum uric acid (UA) < 420 umol/L for males or UA < 
360 umol/L for females; alanine aminotransferase (ALT), low density lipoprotein cholesterol (LDL-C), high density lipoprotein cholesterol (HDL-C),
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total cholesterol (TC) were in normal range according to guideline based Chinese. Exclusion criterion included: (1) Lack of Scr value; (2) Pregnant
women.

Laboratory Measures
Basic demographic information was collected using a physician-administered questionnaire. The questionnaire was evaluated for incomplete or
inconsistent answers, by nurses and our staff physicians. Body mass index (BMI) was calculated as measured weight (kg) divided by height (m)
squared.

All the fasting blood samples were assayed on AU5800 automatic analyzer (Beckman Coulter, Inc., USA), in strict accordance with the instructions
of the apparatus. Scr was determined using the enzymatic method (Shanghai Kehua Dongling Diagnostic Products Co., Ltd, China) with a
reference range 44-133umol/L. eGFR was calculated by CKD-EPI, FAS and Xiangya equations, which were shown in Table S1.

Statistical Analyses

All participants were divided into six subgroups according to age: 18–29 years, 30–39 years, 40–49 years, 50–59 years, 60–69 years and ≥ 70
years. Continuous variables were represented as mean ± standard deviation (SD), categorical variables were represented as N/%. Welch’s ANOVA
test was used to compare differences of variables between six subgroups, differences between males and females were tested with the
independent-samples t test, p < 0.05 were considered statistically signi�cant. We used partial correlation analysis to evaluate the relationship
between the relevant factors and the differences of the three equations, and plotted scatter diagrams to directly re�ect the relationship under
different Scr and age levels. Agreement analysis between different equations was quanti�ed using the linear weighted κ statistic. The criteria
were as follows: 0 ≤ κ value < 0.21, slight agreement; 0.21 ≤ κ value < 0.41, fair agreement; 0.41 ≤ κ value < 0.61, moderate agreement; 0.61 ≤ κ
value < 0.81, substantial agreement; and 0.81 ≤ κ value ≤ 1.00, near-perfect agreement. Statistical analyses were performed using the SPSS
software version 25.0 (IBM Inc., USA) and MedCalc for Windows (version 19.6.1.0; MedCalc Software, Mariekerke, Belgium).

Results

Characteristics of subjects
A total of 34,416 healthy people were enrolled in this study. The mean age of total population was 39.0 years and 45.23% of which were males (N 
= 15568). The mean Scr was 0.75 mg/dL, the level of it showed stable before 40 years, then increased with aging. Other observation indices were
shown in Table 1.
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Table 1
Baseline characteristics of the healthy subjects.

Variable All subjects 18-29years 30-39years 40-49years 50-59years 60-69years ≥ 70years

(n = 34416) (n = 7226) (n = 13358) (n = 7890) (n = 4046) (n = 1413) (n = 483)

male [n(%)] 15568(45.23%) 39.84(38.75%) 5261(39.38%) 3808(48.26%) 2370(58.58%) 906(64.12%) 344(71.22%)

SBP(mmHg) 116.41(11.47) 116.21(11.23) 114.63(11.29)* 116.55(11.48)* 119.34(10.95)* 122.52(10.76)* 126.99(9.50)*

DBP(mmHg) 71.58(8.34) 70.72(7.97) 70.74(8.18) 72.30(8.61)* 73.88(8.45)* 73.98(8.08) 70.76(8.00)*

BMI(kg/m2) 22.55(2.24) 21.94(2.21) 22.39(2.22)* 22.94(2.19)* 23.15(2.12)* 23.28(2.18) 23.24(2.22)

HDL(mmol/L) 1.44(0.27) 1.45(0.26) 1.44(0.27) 1.45(0.28) 1.44(0.28) 1.43(0.27) 1.43(0.28)

LDL
(mmol/L)

2.95(0.53) 2.81(0.53) 2.91(0.52)* 3.03(0.51)* 3.13(0.50)* 3.08(0.54)* 2.91(0.62)*

TG(mmol/L) 1.07(0.40) 0.95(0.36) 1.04(0.39)* 1.12(0.41)* 1.20(0.41)* 1.25(0.42)* 1.17(0.34)*

TC(mmol/L) 4.88(0.70) 4.68(0.70) 4.82(0.69)* 5.00(0.66)* 5.11(0.64)* 5.09(0.70) 4.88(0.80)*

FBG(mmol/L) 5.07(0.46) 4.94(0.41) 5.02(0.41)* 5.13(0.46)* 5.24(0.51)* 5.37(0.54)* 5.46(0.56)*

ALB(g/L) 45.40(2.52) 46.47(2.58) 45.72(2.43)* 44.88(2.34)* 44.60(2.33)* 44.12(2.13)* 42.93(2.35)*

UA(umol/L) 297.27(60.92) 298.10(60.61) 292.27(61.05)* 295.26(62.06)* 308.66(57.18)* 312.09(57.62) 317.34(59.16)

BUN(mmol/L) 4.76(1.12) 4.55(1.08) 4.65(1.07)* 4.82(1.11)* 5.16(1.14)* 5.25(1.15) 5.43(1.34)

Scr(mg/dL) 0.75(0.15) 0.73(0.15) 0.73(0.15) 0.75(0.15)* 0.79(0.15)* 0.80(0.14)* 0.84(0.16)*

Values were presented as mean (standard deviation) or percent

Abbreviations: SBP systolic blood pressure; DBP diastolic blood pressure; BMI body mass index; HDL-C high density lipoprotein cholesterol;
LDL-C low-density lipoprotein cholesterol; TG triglyceride; TC total cholesterol; FBG: fasting blood glucose; ALB albumin; UA uric acid; BUN
blood urea nitrogen.

*P < 0.05, compared with former age spectrum.

Age-related trend of eGFR
eGFRs calculated by three equations yielded a signi�cant decline with aging. The tendency of eGFR calculated by CKD-EPI equations with aging
showed the constant decline from 119.6 mL/min/1.73 m2 in 18–29 years to 80.7 mL/min/1.73 m2 in above 70 years, and the decline rate of
eGFR was 0.81 mL/min/1.73 m2/year. The eGFR level by FAS equation was approximately stable with 116.5 mL/min/1.73 m2 below age 40, and
gradually declined with a rate of 1.27 mL/min/1.73 m2/year above age 40 with aging. Xiangya equations showed the constant decline from 98.1
to 73.7 mL/min/1.73 m2, the rate of decline was 0.56 mL/min/1.73 m2/year. Descending trends of eGFR in subgroups by gender were shown in
Fig. 2. Both males and females had similar descending trend as total population. Compared with males, females have faster decline rate of eGFR.

The average eGFR decreased across age groups, but different equations have different performances. Values were presented as mean and SD.

eGFR estimated glomerular �ltration rate by CKD-EPI, FAS and Xiangya respectively.

Differences between equations strati�ed by Scr level

Partial correlation analysis of the difference between three equations and important related factors showed Δ (CKD-EPI, FAS), Δ (CKD-EPI,
Xiangya) and Δ (FAS, Xiangya) were all signi�cantly correlated with Scr and age. We plotted scatter diagrams to show the difference between
these equations under different Scr level (Fig. 3). Δ (CKD-EPI, FAS) reduced with increasing Scr level when Scr was less than 0.9 mg/dL in males
or 0.7 mg/dL in females, while was relatively stable when Scr levels more than above cut-off point. Δ (CKD-EPI, Xiangya) and Δ (FAS, Xiangya)
were considerable with elevating Scr level. We performed agreement analysis by adopting 0.9 mg/dL in males and 0.7 mg/dL in females as the
cut-off point, a substantial agreement between CKD-EPI and FAS equations was seen with Scr ≥ 0.9mg/dL in males (κ 0.798) and Scr ≥ 
0.7mg/dL in females (κ 0.745). Whereas agreement between Xiangya and other two equations were all slight (κ<0.2). Agreement between
equations was poor for subjects with Scr < 0.9mg/dL in males and Scr < 0.7mg/dL in females (Table S2 and Table S3).

The black, orange and blue circle represents the total, females and males, respectively. The solid line in the scatter plot represents the trend line.
CKD-EPI: chronic kidney disease epidemiology collaboration; FAS full age spectrum; Δ: difference.
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Differences between equations strati�ed by age

As shown in Fig. 4, Δ (CKD-EPI, FAS), Δ (CKD-EPI, Xiangya) and Δ (FAS, Xiangya) existed differences across age groups. Δ (CKD-EPI, FAS) was
relatively stable with aging. Δ (CKD-EPI, Xiangya) and Δ (FAS, Xiangya) have marked difference in females and males. In addition, we divided into
six age groups, and used weighted κ statistic to quantify agreement between equations. We observed moderate to near-perfect in age 18–59
years (κ 0.617–0.901 for males and 0.536–0.861 for females) between CKD-EPI and FAS equations, whereas fair to moderate in age ≥ 60 years
(κ 0.494–0.513 for males and 0.373–0.526 for females). However, the agreement in every age group was no more than moderate between
Xiangya and CKD-EPI equations or FAS equations. In addition, CKD-EPI equation had higher estimates than FAS and Xiangya equations in GFR
categories (Table S4 and Table S5).

The black, orange and blue circle represents the total, females and males, respectively. The solid line in the scatter plot represents the trend line.
CKD-EPI: chronic kidney disease epidemiology collaboration; FAS full age spectrum; Δ: difference.

Discussion
In this study, we investigated the variety tendency of eGFR with aging using CKD-EPI, FAS and Xiangya equations and analyze the difference
between these equations in healthy population.

eGFR decreased with aging, but the declining tendency of it based on different equations was diverse. eGFR by CKD-EPI and Xiangya equations
declined gradually from 18 years with a rate of 0.81mL/min/1.73 m2/year and 0.56 mL/min/1.73 m2/year, respectively. Meanwhile, eGFR by FAS
equations declined at a rate of 1.27 mL/min/1.73 m2/year after 40 years old, which was similar with the result of previous studies based on
mGFR. A study by Ma YC et al. including 301 Chinese healthy subjects (130 males and 171 females), revealed that mGFR of adults (18–50 years)
in males and females were approximately 104.0 mL/min/1.73 m2 and 110.1 mL/min/1.73 m2, and then declined at a rate of 12.2 mL/min/1.73
m2/decade[14]. In 2017, Denic et al. found the number of nephrons per kidney and the total mGFR declined with aging, especially above 40 years
old based on healthy adult kidney donors[15]. Besides, a meta-analysis by Pottel et al. also supported the construction of 40 years old as the
descent in�ection point of declining GFR with aging[16]. The eGFR by Xiangya was lower than these by other equations and mGFR in previous
studies. Though the development and validation group of Xiangya equation were Chinese, 30.81% of these were patients with CKD and sample
size was relatively few, which may result in the quite differences between Xiangya and other estimated equations and mGFR in healthy people.
Thus, we mainly compared the performance of CKD-EPI and FAS equation in evaluating eGFR in this study. Therefore, FAS equation may be more
suitable to evaluate annual rate of decline compared with other equations in healthy subjects.

Compared with males, the female had a higher eGFR level after adulthood and a faster decrease of it with aging. Xu R et al. also reported the
difference of declining rate in eGFR with elevating age between healthy female and male groups (0.51 mL/min/1.73 m2/year in males vs. 0.74
mL/min/1.73 m2/year in females) [17]. On the contrary, another study that used clearances of inulin described a slower fall in GFR with age in
females [18]. Some previous studies have revealed the protective role of osetragen in kidney function [19], which contribute to the higher eGFR
level in females under 50 years. In the term of declining rate of eGFR, one possible explanation is that kidney function is preserved as healthy
subjects age at the expense of a gradual decrease in the kidney functional reserve [20]. Men may have a higher reserved kidney function to
compensate for the accumulation of sclerotic glomeruli with aging, which results in the slower declining rate of eGFR in males.

In our scatter plot related to creatinine, we observed the considerable differences between three equations with Scr levels less than 0.7 mg/dL in
males and 0.9 mg/dL in females, and agreement between equations was poor. The cut-off point may be the result of Scr knot value in the
development of CKD-EPI equation. Studies have shown the accuracy of FAS equation in evaluating GFR is poorer at low Scr values than that at
high Scr levels[6]. A new European Kidney Function Consortium (EKFC) equation was designed to addresses this issue, and may be more
accurate in subjects with low creatinine level [21]. We also tested the consistency between EKFC and other equations, and observed that the
consistency between EKFC and CKD-EPI equations was better than that between CKD-EPI and FAS equations. However, the accuracy in evaluating
eGFR of EKFC was unde�ned and need more veri�cation. Thus, further research is needed to evaluate the eGFR estimating equations in subjects
with low Scr value. When Scr levels more than above cut-off point, Δ (CKD-EPI, FAS) was relatively small and stable. We quanti�ed agreement
among the three equations, the result showed greater agreement between CKD-EPI and FAS equation with Scr ≥ 0.7 in females and Scr ≥ 0.9
mg/dL in males. Therefore, according to creatinine level, we tend to suggest the application of the FAS or CKD-EPI equation to evaluate eGFR in
healthy females with Scr ≥ 0.7 and healthy males with Scr ≥ 0.9 mg/dL.

In our scatter plot related to age, Δ(CKD-EPI, FAS) was relatively stable with aging. Agreement analysis showed moderate to near-perfect
agreement between CKD-EPI and FAS equations in non-elderly subjects, but worse agreement between these equations in older adults. The
agreement of CKD-EPI and FAS equation was slightly better in males compared with this in females. In older population, most of the eGFR values
calculated by CKD-EPI equation were higher than that by FAS equation. A Meta-Analysis by Eriksen et al. [22] distributed a slightly higher eGFR by
CKD-EPI equation than mGFR both males and females. We also performed agreement analysis among subgroups according to age and Scr level,
which is consistent with above results. The agreement was slight between Xiangya equation and CKD-EPI or FAS equation. Therefore, the clinicial
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may consider CKD-EPI or FAS equation to estimate eGFR in non-elderly population, yet FAS equation could be more suitable for healthy older
adults. Besides, clinicians may need to be cautious when using Xiangya equation.

Compared with previous studies, the advantages of this study were as follows: (1) A large number of healthy subjects were included, thus the
variation of eGFR with aging in this study could be a reference to clinician when evaluating kidney function; (2) We �rstly analyse the difference
and agreement between CKD-EPI, FAS and Xiangya equations in Chinese healthy population, and make recommendations according to the
results. However, the limitation of this study is that there is no mGFR to analyse variety tendency of GFR with aging and evaluate the accuracy of
these equations. To carry out the mGFR examination items wildly is di�cult in healthy individuals, so we adopt estimated equations to calculate
eGFR in this large sample population. Another limitation is that this research is a retrospective cross-sectional study.

Conclusions
FAS equation could be used to evaluate declining rate of eGFR in healthy population. We recommend FAS or CKD-EPI equation in non-elderly
adults, and FAS equation in older adults to calculate eGFR. The clinicians may need to be cautious when using Xiangya equation in healthy
Chinese adults. More veri�cation is needed, especially in older adults and population with low Scr level.
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Figures

Figure 1

The screening �owchart for the eligible participates.
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Figure 2

Mean eGFR across age groups in healthy population.
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Figure 3

Scatter plot of Δ(CKD-EPI, FAS), Δ(CKD-EPI, Xiangya) and Δ(FAS, Xiangya) correlated to Scr.
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Figure 4

Scatter plot of Δ(CKD-EPI, FAS), Δ(CKD-EPI, Xiangya) and Δ(FAS, Xiangya) correlated to age.
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