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Abstract

Background The recent guidelines recommend using the estimated glomerular filtration rate (¢éGFR) to evaluate renal func-
tion. There are two reported full-age-spectrum (FAS) equations in 2017, which are based on serum cystatin C concentrations
with or without accompanying serum creatinine level (FAS¢,_c,, or FAS(,). We compared the performance and assessed the
applicability of the new FAS equation with the 2012 CKD-EPI (CKD-EPI.,, and CKD-EPI, ) equation in Chinese subjects.
Methods A total of 1184 patients, mean aged 55.06 year who underwent *™Tc-DTPA GFR measurements (rGFR) from
four hospitals were enrolled. The bias (eGFR-rGFR), precision (interquartile range of difference [IQR]), and accuracy (the
proportion of eGFR within 30% of rGFR [P30]) of eGFR and rGFR calculated by four equations were compared.

Results Generally, the equation based on the combination of Cys and Scr performed superior to that on the basis of Cys alone,
either the CKD-EPI, ¢, or the FAS(, (.. Detailedly, referred to rGFR (67.33 ml/min/1.73 m?), the CKD-EPI,, CKD-
EPl¢, ¢, FASc,,, and the FAS(, ¢, estimated GFR 56.46 ml/min/1.73 m?, 62.79 ml/min/1.73 m?, 56.45 ml/min/1.73 m?,
and 61.04 ml/min/1.73 m?, gave ROCAY€0.944, 0.954, 0.943, and 0.953, respectively. Another comparison as to bias, preci-
sion, P3), and RMSE with FAS(,_ ¢, were —2.87 ml/min/1.73 m?, 19.01 ml/min/1.73 m?, 74.16%, and 17.84 ml/min/1.73 m*
showed that FAS(, ¢, performed approximately more accurate than other equations, as well as the diagnostic consistency
of GFR staging. In the rGFR < 60 ml/min/1.73 m* subgroup, the FAS, ¢y, equation showed the best performance. In older
subjects, compared with FAS¢,, CKD-EPI¢, ¢, and CKD-EPI,, the FAS(, (., equation had relatively less bias (—8.09
vs. —9.63, —7.52, — 11.04, P <0.05), most precise (15.18 vs. 16.32, 15.22, 16.63), and most accuracy, P, was statistically
different from the other equations, and achieved a ideal value >70%.

Conclusion The performance of the FAS¢, (., equation is better than that of the CKD-EPI, ¢, equation in the Chinese
population, particularly in the elderly. Yet, further modification of FAS equations from a large-scale study could be more
suitable for the Chinese population, particularly in older people.
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Introduction

Chronic kidney disease (CKD) has been recognized as
a public health problem worldwide [1-3]. In China, the
2012 epidemiological survey showed that the prevalence
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of CKD is 10.8%, that means there are more than 120 mil-
lion CKD patients [4]. Accurately estimating glomerular
filtration rate (GFR) is essential to CKD diagnosis, drug
dose adjustment, and prognosis prediction [5—7]. Isotope
double plasma method has been recommended by the
American Nuclear Medical Association as a standard way
for GFR determination. However, this method needs twice
blood sampling and complicated procedures. To reserve
the advantage of isotope method and simplify the steps,
9mTc_.DTPA renal dynamic imaging (RDI) occurred.
The RDI method shows the image of each kidney iso-
tope metabolism, and is also easily repeated again [8, 9].
Some researchers reported that RDI method can reflect
renal function as well as the double plasma method [10].
However, the expensive, radioactive, and invasive disad-
vantages limit their clinical application.

GFR estimation equations, simulated from the isotope
methods, have been recommended to predict GFR as the
first choice [11-14]. The equations are always based on
serum creatinine (Scr) and/or serum cystatin C (Cys).
Among these equations, the 2012 CKD-EPI (Chronic Kid-
ney Disease Epidemiology Collaboration) equation per-
formed better, especially the CKD-EPI,_ ¢ [15-17]. Our
previous studies also demonstrated that the CKD-EPI¢, ¢y
equation performed more accurate than CKD-EPI, equa-
tion and CKD-EPI equation in Chinese subjects [18,
19].

Newly, Pottel et al. developed a full-age-spectrum (FAS)
equation for assessing GFR, based on European healthy
subjects with a novel modeling approach in 2017 [20]. The
principle of the modeling is that GFR is negatively cor-
related with the normalized Scr (Qc,) and Scys (Qcy,) (Q
value was regarded as the mean or median of Scr and Cys
levels, corresponding to the age/gender of the healthy popu-
lation). Thus, the standard Q value was endowed with age
and gender characteristics. Due to this merit, age, gender,
and other parameters to estimate GFR are no longer needed.
The FAS equation gets simpler. Not only that, external vali-
dation studies demonstrated the FAS equation performed
superior to the CKD-EPI equations both in the European
population and Caucasian participants. In addition, a meta-
analysis based on a healthy Caucasian population found
that the average GFR was 107 ml/min/1.73 m? before 40
years, and the GFR began to decline after 40 years, which
support the theoretical basis for the development of the FAS
equations [21].

Whether the applicability of the newly developed full-
age equations in China is better, and whether it is more
accurate than the 2012 CKD-EPI equations have not yet
been verified. Thus, the goals of this study was to investi-
gate the adaptability of the 2017 new FAS equations and
compare its performance with 2012 CKD-EPI equations
of the Chinese multi-center cohort.
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Methods
Participants’ characteristics

We performed a multi-center, retrospective study from
October 2009 to December 2016. The participants were
recruited from four various hospitals: the First Affiliated
Hospital of Nanjing Medical University, the Third Affiliated
Hospital of Sun Yat-sen University, the Affiliated Wuxi No.
2 Hospital of Nanjing Medical University, and the Fourth
Hospital of Jilin University. All four hospitals had the same
inclusion and exclusion criteria. The inclusion was that sub-
jects should be stable with referenced GFR (rGFR), Scr,
and Scys analysis. (The “stable” status meant that the out-
patients had no condition changes, including healthy popu-
lation and the inpatients gradually recovering to discharge
from hospital or ahead of operation) The participants with
severe heart failure, acute renal failure, pleural or abdomi-
nal effusion, serious edema or malnutrition, skeletal mus-
cle atrophy, amputation, ketoacidosis should be excluded.
Patients who were taking trimethoprim, cimetidine, or
ACEI/ARB and those who had recently received glucocor-
ticoid and hemodialysis therapy had to be excluded.

Laboratory assay

Identical research standard was requested in all the four hos-
pitals to minimize inter-institutional variation. Researchers
and staffs underwent the same training. Blood fasting sam-
ples were drawn between 8:00 and 10:30 a.m., then centri-
fuged at 3000 rpm for 15 min and detected within 12 h. Scr
was determined using the isotope dilution mass spectrom-
etry (IDMS) and standardized enzymatic method (Kehua
Dongling Diagnostic Products Co., Ltd., Shanghai, China)
with a reported coefficient of variation of 6% (reference
range: 44-136 pmol/l), and traceable to National Institute
of Standards and Technology creatinine standard reference
material (SRM 967) [12]. Cys was measured by particle-
enhanced immunoturbidimetry (Leadman Biomedical Co.,
Ltd., Beijing, China) with a reported coefficient of varia-
tion of 8% (reference range: 0.60-1.55 mg/l), which was
calibrated referring from the international certified reference
material ERM-DA471.

rGFR measurements

The *™Tc-DTPA (radiochemical purity 95-99%) RDI was
taken as referenced GFR (rGFR). Identical operational
procedures were trained in all four hospitals. Subjects
were demanded to avoid dehydration on the test day, drink
300-500 ml water in 30 min, empty their bladder, and finally
accept a bolus injection of 185 MBq *™Tc-DTPA in the
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elbow vein. Dynamic renal images were acquired on single-
photon emission computed tomography (Gates method).

GFR equations expression

The detailed expressions of the 2012 CKD-EPI and 2017
FAS equations are presented in Table 1.

Statistical analysis

All continuous variables were expressed as mean =+ standard
deviation (SD). Bias was calculated as the median differ-
ence between eGFR and rGFR (eGFR-rGFR). Precision was
expressed as the inter-quartile range (IQR) of the median dif-
ference. P;ywas defined as the percentage of eGFR deviating

within 30% of rGFR. The Bland-Altman plot analysis was
also used to calculate the mean difference and precision
between eGFR and rGFR. All calculations and statistical
analysis were done with SPSS software (version 17.0; SPSS,
Chicago, IL, USA) and MedCalc for Windows (version
11.6.1.0; MedCalc Software, Mariekerke, Belgium).

Results
Basic characteristics of the subjects
Altogether 1184 subjects (median age 55.06 + 16.32 years)

were enrolled in this study, including 671 males and 513
females. The average values of Cys, Scr, and rGFR were

Table 1 The expression of the 2012 CKD-EPI equation and 2017 FAS equation

Name Year Gender Scr Cys Equation
CKD-EPI, 2012 Female <038 133 x (Cys/0.8) 4% 0.996%¢° x 0.932
>0.8 133 x (Cys/0.8)™'328 % 0.996%° % 0.932
Male <0.8 133 x (Cys/0.8) "4 x 0.996¢
>0.8 133 x (Cys/0.8)~"328 x 0.996¢
CKD-EPIg, ¢y 2012 Female <0.7 <08 130% (Scr/0.7) "2 x (Cys/0.8) 7375 x 0.995%¢° (x 1.08, if black)
>0.8 130 % (Scr/0.7)72*8 % (Cys/0.8) ™71 x 0.995%° (x 1.08, ifblack)
> 0.7 <0.8 130 % (Scr/0.7)"%%0! x (Cys/0.8)7"373 % 0.995%° (x 1.08, ifblack)
>0.8 130 % (Scr/0.7)"%0 x (Cys/0.8) ™71 % 0.995%° (x 1.08, ifblack)
Male <0.9 <0.8 135 % (Scr/0.9)™207 x (Cys/0.8) "7 x 0.995%° (x 1.08, ifblack)
>0.8 135 % (Scr/0.9)™207 x (Cys/0.8) ™" x 0.995%° (x 1.08, ifblack)
>0.9 <0.8 135 % (Scr/0.9)"%0! x (Cys/0.8) 7037 x 0.995%° (x 1.08, ifblack)
>0.8 135 % (Scr/0.9)"%01 x (Cys/0.8) ™71 % 0.995%° (x 1.08, ifblack)
FAS(,, 2017 107.3/(Scy/Qcys) X [0.9881¢40) age > 40 years]
FASc, ¢y 2017 107.3/[aX (S/Qser) + (1 — ) X (S, /Qcys)] X [0.988084, age > 40 years]

Scr was shown as mg/dl; Cys was shown as mg/l; age was shown as years

Scr serum creatinine, Cys serum cystatin C, CKD-EPI chronic kidney disease epidemiology collaboration, CKD-EPI,, serum cystatin C-based
CKD-EPI equation, CKD-EPI., ¢ serum creatinine- and cystatin C-based CKD-EPI equation, Qg normalized Scr (female: Qg = 0.70 mg/dl;

male: Qg = 0.90 mg/dl); Qc,,: normalized Cys (age <70 years old: Qcy= 0.82 mg/l; age > 70 years old: Q¢ = 0.95 mg/l); a=0.5

Table 2 The general

Parameters All subjects Age <60 years Age > 60 years
performance of the 2012 CKD-
EPI eguation and 2017 FAS Sample size 1184 671 513
equation Age, years 57 (43, 68) 45 (36, 54) 70 (64, 75)%*
Gender (male/female) 715/469 396/275 319/194
Scr, mg/dl 1.07 (0.79, 1.84) 0.93 (0.70, 1.38) 1.29 (0.97, 2.40)%**
Cys, mg/l 1.24 (0.96, 2.14) 1.03 (0.87, 1.50) 1.68 (1.21, 2.76)%**

rGFR, ml/min/1.73 m?
eGFR, ml/min/1.73 m?

CKD-EPI¢,
CKD-EPI¢, ¢y,
FASc,,
FAS¢,_cys

67.33 (41.37, 87.50)

56.46 (27.23, 84.70)
62.79 (30.03, 90.48)
56.45 (32.38, 83.56)
61.04 (34.05, 88.72)

81.00 (57.20, 98.40)

77.89 (47.18, 98.96)
83.36 (51.95, 102.48)
78.69 (52.56, 96.69)

83.37 (56.74, 101.83)

52.5(31.3, 69.4)**

36.38 (18.33, 56.68)**
42.85 (20.15, 63.34)**
39.20 (23.34, 54.63)**
43.03 (23.39, 59.08)**

Values for continuous variables were presented as the median and inter-quartile range

*#P <0.01, compared with age < 60 years group
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1.73 + 1.17 mg/1, 1.80 + 1.92 mg/dl, and 65.29 + 30.27 ml/
min/1.73 m? (Table 2).

Performance of the 2012 CKD-EPI equation
and 2017 FAS equation

Generally, the equation based on the combination of Cys
and Scr performed superior to that on the basis of Cys alone
(Table 2), either the CKD-EPI,_¢, or the FASq (. In
addition, the diagnostic value analysis results and Bland—Alt-
man plots also indicated the similar conclusion: equations
combined with both Cys and Scr predicted more accurate
eGFR than that based on solo Cys (Table 3; Fig. 1). The
FAS, ¢y, equation predicted similar eGFR with the CKD-
EPI, ¢, equation.

Detailedly, referred to rGFR (67.33 ml/min/1.73 mz), the
CKD-EPI¢y,, CKD-EPI¢, ¢y FAS(,, and the FAS(, ¢
estimated GFR 56.46 ml/min/1.73 m?, 62.79 ml/min/1.73 m?,
56.45 ml/min/1.73 m?, and 61.04 ml/min/1.73 m? (Table 2),
gave ROCAY€0.944, 0.954, 0.943, and 0.953 (Table 3),
respectively. Another comparison as to bias, precision, Pj,
and RMSE with FAS¢,_ ¢, were —2.87 ml/min/1.73 m?,
19.01 ml/min/1.73 m?, 74.16%, and 17.84 ml/min/1.73 m?,
which showed that FAS(,_, performed approximately more
accurate than other equations, as well as the diagnostic con-
sistency of GFR staging (Tables 4, 5).

Performance of the four equations in subgroups

Another, in the case of the ability to predict accuracy in vari-
ous GFR stages and age groups, the CKD-EPI¢,_ ., equation

Table 3 Diagnostic value analysis of the 2012 CKD-EPI equation and
2017 FAS equation

R ROCAYC  Sensitivity ~ Specificity

All subjects

CKD-EPI¢, 0.834* 0.944**  95.6 80.5

CKD-EPI¢, ¢ys  0.875 0.954 93.3 83.9

FAScys 0.812*%*  0.943**  89.6 87.4

FAS¢_cys 0.861 0.953 89.5 87.6
Age <60 years

CKD-EPI¢y, 0.797* 0.943**  90.7 86.2

CKD-EPI¢, ¢ys  0.850 0.959 93.6 87.8

FAScy, 0.770**  0.944**  91.3 86.2

FASc,_cys 0.833 0.960 89.9 90.4
Age >60 years

CKD-EPI, 0.803* 0.920 90.7 80.9

CKD-EPl;, ¢y,  0.847 0.926 87.6 85.0

FAScy, 0.801* 0.920 85.5 84.4

FAS¢_cys 0.851 0.927 89.6 83.8

*P<0.05; *#P<0.01, compared with FAS¢,_ ¢

@ Springer

Fig.1 Comparison between estimated glomerular filtration rate »
(eGFR) and referenced GFR (rGFR). a, b Serum cystatin C-based
chronic kidney disease epidemiology collaboration (CKD-EPI¢,,)
equation; ¢, d serum creatinine- and cystatin C-based chronic kid-
ney disease epidemiology collaboration (CKD-EPI, ) equation; e,
f serum cystatin C-based full-age-spectrum (FAS(,) equation; g, h
serum creatinine- and cystatin C-based full-age-spectrum (FASc, )
equation. The gray line in the scatter plot represents the identical line.
Solid and dashed black lines in the Bland—Altman plot represent the
mean and 95% limits of agreement (LoA) of bias, respectively

and FAS(, ¢, equation also performed lower bias, higher
IQR, and accuracy than CKD-EPI equation and FAS(
equation.

In subgroups with rGFR>60 ml/min/1.73 m?, the CKD-
EPI,_ ¢, equation showed the lowest bias, and the highest
IQR, accuracy (P5, reached 84.91%, RMSE was 18.80). The
FAS¢,_¢ys performed slightly inferior to the CKD-EPl,_¢y,
but it did not achieve statistical significance. The FAS(
equation and CKD-EPI performance were worse than the
two combined equation. In the group with rGFR <60 ml/
min/1.73 m?, compared with the other three equations, the
FAS¢,_cys equation showed the lowest bias, the highest pre-
cision, and the highest accuracy. However, the P; of all four
equation all did not reach 70% (Table 4).

In the young group, the CKD-EPI, . had the lowest
bias and RMSE, and the results had the significance with the
other three equations. The FAS(,_¢,, equation had the high-
est P5, but with no significance from other three equations.
The Pj, of all four equations reached 70% in this group. In
the subgroup with age > 60 years old, FAS.,_c,, equation
had relatively lower bias, highest precision, and accuracy
and its P3; was 70.37%. The P, of other three equations did
not reach 70% (Table 4).

Discussion

Our previous study demonstrated that neither of the 2012
CKD-EPI equations achieved an ideal accuracy in aging
cohorts with moderately severely impaired GFR [18, 19].
Thus, we wonder whether the adaptability of the newly
FAS equations in Chinese participants is better and whether
their performance is more accurate than the 2012 CKD-
EPI equations. The main finding of this study was that the
FAS, ¢y, equation had the best diagnostic accuracy in the
whole subjects, particularly in older patients with moder-
ately severely injured GFR. However, the CKD-EPI, ¢
had a better diagnostic consistency of GFR stage between
the eGFR and rGFR. While in young participants with nor-
mal or mildly injured GFR, the CKD-EPI, . performed
better than others.

Up to now, a higher prevalence of CKD in older patients
as the mean age of the general population is rising, which has
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Table 4 Detailed performance

. Bias Precision Accuracy
of the 2012 CKD-EPI equation
and 2017 FAS equation Median difference IQR of the difference | RMSE

All subjects
CKD-EPI¢, —7.2%* 21.83 64.95%%* 20.1
CKD-EPI¢, ¢y —4.0%* 20.18 70.35% 17.56
FASy, —5.17%* 21.01 70.10% 20.18
FAS¢,_cys -2.87 19.01 74.16 17.84

rGFR > 60 ml/min/1.73 m?
CKD-EPI¢, —5.66%* 28.19 77.51% 22.18
CKD-EPI¢, ¢y —1.50* 26.17 84.91 18.80
FAScys —8.04%* 26.93 77.96* 23.59
FAS¢_cys -2.8 25.33 83.58 20.51

rGFR < 60 ml/min/1.73 m?
CKD-EPI¢, —7.97%* 14.65 48.23%* 16.94
CKD-EPI¢, ¢y, —6.39%* 14.75 50.98* 15.77
FAScys -3.61 15.14 59.65 14.47
FAS(_cys -2.96 14.54 61.61 13.52

Age <60 years
CKD-EPIc, —3.14%* 24.37 72.88 21.1
CKD-EPI¢, ¢y, —0.23%* 2391 75.71 18.82
FAScys —0.51%* 24.97 74.52 21.89
FAS¢_cys 1.42 22.3 77.05 19.63

Age > 60 years
CKD-EPIc, —11.04%* 16.63 54.58%* 18.71
CKD-EPI¢, ¢y, —7.52% 15.22 63.35% 15.77
FAScys —9.63%* 16.32 64.33* 17.72
FAS¢_cys —-8.09 15.18 70.37 15.21

Bias median difference between eGFR and rGFR, IQR the inter-quartile range of difference; P;, the pro-
portion of eGFR within 30% of rGFR, RMSE root mean square error

##P<0.001; *P<0.05, compared with FAS(, ¢,

paid enough notice worldwide. Accurately assessing GFR
is indispensable for detection and staging of CKD, espe-
cially in older subjects [22-25]. Recently, a clinical practice
guideline focused on the management of older patients with
chronic kidney disease stage 3b or higher draws our attention
much. The guideline recommended using estimating equa-
tions to assess renal function. However, there is not any suffi-
cient evidence to prefer one equation over another, although
it suggested the use of CKD-EPI, ¢, may be an acceptable
alternative [12]. In this article, we found the CKD-EPI, ¢
was not the best equation in the elderly. Moreover, the accu-
racy of the FAS, ¢, equation performed better in Chinese.

Meanwhile, we found the performance of the CKD-
EPI¢, ¢, equation and the FAS(, ¢, equation was superior
to the CKD-EPI,, equation and the FAS., equation. Ste-
vens et al. [26] found that in CKD patients, the equations of
combined Scr, Cys with age, sex, and race performed better
than equations that used Scr or Cys alone. The develop-
ment of CKD-EPI equation also found that the equation in
combination of Cys with Scr was more accurate than the

@ Springer

one using single marker-based equation alone. The reason
for considering the use of the two markers in combination
compared with the equation using one marker alone, the
errors caused by the non-GFR determinant of Scr and Cys
are independent and smaller.

The development of 2012 CKD-EPI equations is based on
the characteristics of its development population, which set
up the mean value of rGFR as 120~130 ml/min/1.73 m?, and
it is thought that the GFR decreases from the early stage with
age [11]. This is different from the theory that the FAS equa-
tion with 107 ml/min/1.73 m? as the mean value, and GFR
begins to decline with age after 40 years [20]. In this study,
the FAS, ¢, equation is found to be the best in Chinese,
and the deviation, precision, and accuracy are the best. The
CKD-EPI,_c, equation is similar to the FAS equation,
which is second to the FAS(, ¢, equation. It is suggested
that the mean value of FAS equation is more accurate than
CKD-EPI equation, and the equations of the combination of
Scr and Cys are superior to the single Cys equations.
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Table 5 Comparison of the diagnostic consistency of GFR staging
between the eGFR and rGFR

Diagnostic con- rGFR Sum
sistency
<30 30-59 60-89 >90
CKD-EPI¢,,
<30 181 136 8 2 327
30-59 12 143 127 15 297
60-89 3 25 196 83 307
>90 0 8 82 163 253
Sum 196 312 413 263 1184
CKD-EPl¢, ¢y
<30 184 107 4 0 295
30-59 10 160 87 6 263
60-89 2 37 223 64 326
>90 0 8 99 193 300
Sum 196 312 413 263 1184
FASy,
<30 167 88 3 1 259
30-59 26 191 143 13 373
60-89 3 28 204 97 332
>90 0 5 63 152 220
Sum 196 312 413 263 1184
FASc_cys
<30 168 83 4 0 255
30-59 26 188 105 8 327
60-89 2 38 215 68 323
>90 0 3 89 187 279
Sum 196 312 413 263 1184

Bold values indicate as the number of participants in diagnostic con-
sistency of GFR staging between the eGFR and rGFR

¢GFR and rGFR were given in ml/min/1.73 m?

This article shows that the applicability of the FAS(,
equation, 2012 CKD-EPI equations in the group with
GFR < 60 ml/min/1.73 m? was not ideal (the P, values
were less than 70%). In the group with age > 60 years old,
FAS(,_cys equation performed better than the other three
equations. At the same time, with the increase of age, the
GFR declined and the accuracy of the evaluated equation is
reduced, which has considered the age factor; FAS equations
also exist in this phenomenon. Considering the following
reasons for interpretation of this phenomenon, on the one
hand, the development of O, and Qc,, values was matched
with healthy population; however, the age span is too large
(divided into < 18 years old, 18-70 years old, 70 years old).
In 1870 years old group, the levels of Scr and Cys increased
with age may have a greater difference. On the other hand,
the mean GFR of Chinese population which matched the
age/gender of healthy population was different from white
people. Ma et al. [27] found the mean GFR measured with
9mTc-DTPA in the Chinese healthy population with age

under 50 years as follows: male was 104 ml/min/1.73 m?,
female was 110.1 ml/min/1.73 m?. And with age above 60
years, the mean GFR was 76.1 ml/min/1.73 m?, which was
lower than the mean of GFR in the Western population.

Over the last decades, the equations were mostly based
on the elimination of exogenous markers or the clearance
of Scr (as “gold standard”), and then a statistic method was
used to develop a highly fitting equation with the “gold
standard.” The FAS equation calibrates the Scr/Cys with
the mean value of the healthy population matched by age/
sex, which avoids the difference between the inclusion
of the population and the measure methods of the “gold
standard.”

However, FAS equations also had some limitations.
Firstly, the method of GFR measurement is inconsistent,
and the average GFR of the healthy people of <40 years
old as a constant has error. Secondly, the Q value of the
healthy population is the average of the age/sex matched
with healthy white people, and there are differences in other
races. Thirdly, the larger age span could result in reducing
accuracy of standardized Q value.

These results suggest that the O, Ocy,, and the mean
values of rGFR in the more detailed age group are expected
to further improve the accuracy of the FAS equation in the
Chinese population if the relevant data of the multi-center
healthy population in China are collected.

Conclusion

Compared with 2012 CKD-EPI equations, the development
principles and models of FAS equation are more reasonable,
more accurate, and simpler. However, racial differences limit
the accuracy of the equation as its development population
was being white. On the basis of the theory of the equation,
the development of FAS equation suitable for the Chinese
population is supposed to be more accurate.
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